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ABSTRACT

Particolatly warmly weleomed to the South Pacific Apphed Geoselence
( cfimission. [ hdve been quickly fsvolved v a project which aim 18 1o assist the
“fistry of Natural Resources Developrment and Fisheries Department of the Republic
vl Kirban to develop murine fesource nianagenient plans for Abaiang Atoll.

[
=

My ownimission was assessing the hydrodynamic impact of she establishment ol a
mariculiure project inthis atoll thanks to a numerical modelling under MIKE 21, 4
professional modelling sofiware for 2-D free surface flows,

Harbours nad lugoons are all subject 1o some, or all, pollution, wave action, stonn
surge. seiching. 1sunami, erosion and sedimentation, and sea-level nise studies lmked to
coustal management are often hmited by data sets available, szasonzl varnations and
crsl, Numercal modelling provides an opporiunity to view and analvze coustal
preblems and rsks wath munmal penaliies for error-as we are able to.change the iaput
parameters in the model 2nd observe the response, a vallicble symbiosis benween
development and application

After having ined wavand all the waps of the data processingo | mads un ™o
livdrodytizmieodels: The first one descnbed the water aireulation in the lagoon, and
the second the circulation of biclogical parameters (lemperaturs, salinity: B.O.D.,
fissolved oxveen. ).

Jubiew AT KiN
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INTRODUCTION

-

SOPAL (Seuth Pacifie Applhed Geoscience Commission). based i Suva (Fur Islaads),
is 11 the carly stages of a project of manne resources management plans whach s atmed
a1 exiending seaweed cultivation i Abaiang Awil Republic of Kiribat.

The work carried out at the Coastal Umt and presented in this report has been mainly
focused an the developmen of a hvdrodynanic model for Abaiang Atoll. Kinbat

L2stire the software MIKE 21 developed by the DHI (Danish Hydraulic Institite),
Ivdradynanie model has been set up.

Conygitlation of the bathymerry model was based on a survey realtzed by Robert Smuth
L st 1998

Fallawime'a brief presemaiton of SOPAC, & summary of the area studied hereund of the
ohicctives of this project, the assuniptions used by MIKE 21 and basic equitions that
formy the basis of numerical modelling are descnibed. In all hvdrodyvnamic situations.
veagraphicsl eanfiguration and bathymeiry are the principal controlling ety that

determune the hvdraulics:

The parameters specified in MIKE 21 to run the simulations are described 2s well as for
the: parameters for calibrations. The aumencal results obtained and the measurements

are connared for the validation of the mpdel

Jubivn B AL RIS G
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1. Presenrations

A, Presentation of SOPAC ’-

li Bacheround

The Sowh Paafic Geoscience Commussion  (SOPAC) s an mdependent.
intereov ermmental, regional orgamzation ¢stablished by a fow South Pacific nations i
1972, oreinally as CCOPSOPAC. lts secretariat 15 located m Suva, Fipn Islands, and
Nas shout 30 professional and support staff who are coming from all over the werld,

Members countmes are currently  Australia, Cook Islands. Federated States: of

Nictanesia, Fip Istands. Guam, Kinbau, Marshall Islinds, New Zealund, Noude, Papuy
New Guineg, Sanmoa. Solomon Islands. Kingdom of Tonga, Tuvalu and Vanuatu
French Polvnesia and New Caledonta are Assocrates Members. Twelve members are
developing Pacific 1slands Countnigs, Ausiralia and New Zealand do not receive Waork
Hrogran essistance bulare major onors.

X, Wlission statement

T improve the well being of peoples of Pucific idand member countrics through the
apphication of Geoseignce 10 the managemen! and sustainable desvelopment of their
nanliving resources.

¥ Woark program

It is difficult to think of any develepment of any country which hasn't benefited in
soime way from hasie gesscientific knowledee.”

Through 1ts Seeretzriat, SOPAC camics oul 2 wide range of Geostizncs activities in the
regiont. The séeretasial’s priniary roles'are 1o gather new data 1o s5sist inentber colntries
10 gssess their naltral resources, and 1o build nattonal capacities in the Geossience
wwards self-sufficiensy my the Tong tem. Not all of the activiues listed below are
carried out 3t any one lime. tHe baiance of the Wo 'k Program deépending on iveihntber
country prienties and on the l=vel of funding avaiable to SOPAC atthe ime.

Fubivn § B ALRIN T
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4.  Areas of expertise

SOPAC’s work for its member countries focuses on three key areas
- resource development ;
- environmental Geoscience ;
- national capacity development in the geosciences

To effectively deliver these services SOPAC maintains a regional data centre, provides
information services, and offers technical and field services for specific project work.

5. Organizational Structure

CORPORATE SERVICES
RESOURCE | ENVIRONMENTAL | NATIONAL
DEVELOPMENT SCIENCE ' CAPACITY
PROGRAM PROGRAM | DEVELOPMENT
PROGRAM
HUMAN RESOURCE
MINERAL RESOURCES COASTAL | DEVELOPMENT
WATER RESOURCES HAZARD ASSESSMENT ' INFORMATION
| TECHNOLOGY
ENERGY OCEAN |
j DISASTER REDUCTION
\
| PUBLICATION & LIBRARY

Julien LELAURIN 8
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0. Resaurce development program

T = 55

| Ceastal Unnt

Phy: sical enviramment monioring. physical processes studies, |
Codsta]l and shallow water sedbed mappmg, ficld  equipmient
operation and mamlenance

Fi: affshore bathymetry south Turava, Kirthan

phisaster
Reduetion
Uit
| Energy
| Unit

Rerional coprdination, research mtomistion
Fr s Tavewnd Voleeno Projeer, Fir,

Policy and plammng, small energy projects. renewable energy

projects, monitoring alternative energy
& Geothermal)
Ex: petrolewm price monoring, Guuni;

v developments (OTEC, Wive

Hazard
Assessnent
Lt

Geohazard  studies,  wulnerability  assessiment,  protection  amd
engineering advice, lagoon shallow water circulation studies
Ex GIS physical derabuse assembly. Papua New Gudneu,

Human
Resaurce
Development
Lt

ESMG Centificate. fellowships. workshops and senunars, HRD
advisory assistance. d staiice education development
.I':'..i LJ-'{LTlL

; mlrolon ivlraeeolegy) wures resource
nighagement, Samoa

"_{-’n.-r.i__'l ;iJ‘...‘r

Information Computing services, communications, PEACESAT and data transier, |
Technology remote sensing and resource smonilonng, database and GIS |
Uit development |
Ex: Swpport to member coyntries in intravesinterner development,
_ | Tuvadu,

Minera) Mineral and aggrepate assessmentsurveys, desp sea muneral |
Resources assessments'surveys, promotion of minerzl potential, minerals |
| Unit legislation and pelicy development, hydrocarbons promation |
| Ex: manganese nodule sivaregic plan. Cook Islands.

Ocean Ocean environmen! monionng, deéep water and seabed mapping, |
Unit cruise coordination, physical oceanography, LOS/EEZ issugs (MSR, |

ISBA, Conntenial Shelf)
£x: ocean energy prograni.

Publicallons and
Library

Ediung. publications and reporting. hbrary. publie awareness
Ex: htyary astistence 0 ofiganize wineral exploration Fepors.

Lnit Selonion Jslands !
| Water Secior sirategy and action planning. technological and equipment |
Resources suppart. surface and groundwater resourss assessment, water supply |
Unit and waste disposal advice. sanitetion fwith SPC). sohd swasie |
| management (with SPREP) '

Exi sl warer supply assisiance, Federared States of Micronesia

- = e e—————— =
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B. Abaiang Atoll, Republic of Kiribati
Some words about Kiribati:

The Republic of Kiribati is a state in the SW Pacific with & land area of about 726 knr®
and 75000 inhabitants. It comprises the Gilbert and the Phoenix I[slands, Ocean Island,
Christmas Island, Malden Island, Starbruck Island, Wostok [sland, Caroline Island and
Flint Island. All islands in the group are low lying coral islands many of them forming
atoll. Kiribati became prominent during the World War II because of the battle between
the US and Japan To day Kiribati is a Republic having left the Commonweaith in 1979.
South Tarawa is really overcrowded; about 35000 people live there. The capital is
Tarawa, in Tarawa Atoll with more than 30% of the national population residing in
South Tarawa. This is the most densely populated area in the group. It can take some
getting used to (¢f. Annexe ).

1.  Localization

Abaiang Atoll is the fourth island to the north of the Gilbert Islands Group m the Pacific
Ocean, lying one degree north of the equator and is some ten nautical miles northeast of
Tarawa Atoll. The atoll is easily accessible by both sea and local airlines.

Julien LELAURIN 10
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2. Description

By atoll standards Abaiang is of medium size almost rectangular in shape with a central
axis of the atoll orientated NW - SE, some 27 kilometres long and 12.5 kilometres
wide. This represents some 240 km’ plus of lagoon alone The reef barrier at its widest
in the north is some 1.6 km wide. A number of small islets exists in the northeast and
northwest of the atoll. One long continuous island some 36 km in length separates the
lagoon from the ocean along the eastern and southern flanks of the lagoon, where the
island population of some 6000 people is mainly distributed

Access to the lagoon is via a number of passes and channels of various sizes breaking
the barrier reefs and connecting the lagoon to the ocean

With the winds predominantly from the east, the eastern side of the atoll 1s often rough.
The lagoons and the western reefs are therefore more sheltered

Julien LELAURIN 11
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R s <ical Environment

2! Fidal Range
I e wdes of Abgigng are manky son -L.".'rn- J with twa high and two low tides cach
ditv, Mean Sea Level s repontedias 1.23m (Adnuraity nde tables 1993). The tidal range
reperted for Abmiang ranges from 1.1 to I A Two water-level reconders were located
withim the lageon

Wave clnite

Local winds and distam southeasierly swells ereate waves along the southwestermn and
rorthern (by diffraction) reefs of Abmang Atoll. Generally, wave energy is dissipated
wlong the fringing reef, somie distance away from the shore except during more extreme
cvems wheresurge and sel-up allows a greater portion of wave energy to intpact on the
shoreline.

33 Cument
Kimhati (included Abaliang) is affected by several cuments: some directed cast 1o west
[ i md
Ly f g Tnedy T

awd b 100 opposie direcuon: Abamng s located nnside
Equaterial Trc-p"ca] current system.
Fhere is current data for Abaiang lageon: Currents 1 the lagoen are largely drnven by

tides und are kaown o reach speedsof 0.8ms L-Ll_ll'.:__" sprifig iides in passes:

“ad

A Winds

Seasonal movements of the Intertropical Convergencs Zone (ITCZ) and the Equamrial
Dolérum Belt (EDB) govern according to Burgess (¢t Annex 3), Kinbati weather. lune
o November 15 drier and southeasterly tradewinds dominate; December to May s
weiter and winds from the north and the east quadsants are prevalent. Winds are usually
light; strong winds are associated with westeriy squalls. Wind roses from Tzarawa (south
oi Abaiang) indicate that the westerly winds ars mers common during the months of
Tupe to November,
Eastetly and southeasierly winds are generallV around 4-10 knots (7.4-18.35 F:ﬂ:.l‘;"'_!l and
the strongest wind recorded between 1979 and 1986 was 32 knots (96 km.h™) from
: n“t]m‘em wesy

wdy of Canzr (¢f dnnex 3) presented wind data from before and during the severd
I—.] ‘_\;mn event of 1982-1983 which iilustrate the draniatic increase in st mng_ tfsterh
winds which accompanied it. Winds of 1733 kaete (32:61 kmH™) wera e v ely
commmon dunng that eveni.

Creloniez a2 vony rze2 this clfose 1o the Equatorn, But they have been known g oicu
4 2

Julita T FLAT RIS =
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Tad

R W e elinyile

Woase mformation s very lonited e thus region: Deepowater detectad from suteldlites
shosv o mican siemificant il He<1 8 mu (o the years: 1986:1989; This aurees -.wl'l
with 1he satellite data for the frst three months of 1997, during which the hean He wis
1.8 o1 iy 3 rsgion from 0-3 degrees Nerth and 172-174 degrees East.

Carter (of, Ansev 5 Bindeast ocean waves of He=2 me wath peak penod T4 s The
ivesterly winds wlich accompunied the 1982 EF Nifo produced hindeast i esiof Hi=3
sy, and Tp=10 s

4. Aquaculture Development
4.1, Theseaweed industry of Kinbat

Thieseaweed cultivation industry in Kirtbat presents.a set of shghtly different problems
and 1ssues fram those observed in other marine fesource sectors such as fishenes The
Spedics of scaweed grown in Kinhatt 15 Nappapinens afvaresi vVarn mmhulung L1is
local  nume), otherwise descnbed as  Fuchenmu cortonn, a red scaweed or
Rhodophveese. The seaweed is grown for the purpose of export to ihe globel
corrageenan matket; carrageenan being the name given o the hydrocailond extract from
the cell wall, which forms water-soluble gels for use in the foed and phamiaceutical
|.|dt.str‘_»:
According ta Mr Smmon L. Wood (1996). problems f{all into three categones:
commercial, culiurz) and scientiiic

21, Comimerciul problen
The commercial problems include cash flow, intemal and extemnal shipping cosis, and
mifrastructure building to improve information flow between outer islands and Tarawa:
£i1 2. Culpral problem
Cultueally, ihe probiems for the company lie in the degree o which individuals wish 10
t.pp]}' nn_.ms.;_lx__ s 1 scaweed farming. The lifestvie on the outer istands isistill very
muchone nfsub:mﬁr"cc and most peopie arenot willing 1o view seaweed farming asa
fuil-time accupation. From a con npany's pointof view, iis futurs 15 v ey mudh feliant on
the outer island "*"*"rs .md theirjevel of motivaiion.

£.1.3 Seiennfic problem
The scienutic chailenge 1hat faces the company is how 1o stabilize: production: At the
roat of the prohlem observed is the non-indigenous nature of the resource. Stephen Wi
iirodueed the ssaweed 10 the Line lslands in 1980, then werking as a VS0 in F1b]|l.11..
Division. and 1t was subseguent!v inoved to Tarawa lagoon 1 982,

Ihe semweed 1 K eribawas thoueht 1o be stenibe thus noamatter how lengthe plant 151l
1Y Aheoater vl het produce spores or cametes. Propagation of seawead 1# aclievad

Julten LRV ALERIN {3
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P dlofme by Weakine off secions of The Slant and i o culiure hines supiaosed
] B ] L : g ;

i tamy struciure:

With cloning a5 the only method of propuegstion the cultured seaweed has the sane
genetie make-ups as the number of genetic mdnviduals imtroduced by Wiy, This lack of
vehietie Virtation an the curtent sysiem means that large quantities of culiared scaweed
in Kiribati are very susceptible to discase. Should a discase arise, what we svouid expat
10 see 1% luree quantiies of cultured plants waped out ever a very short space.of time.

e inherent problems of tack of zenetic diversity oy the population dre compounnled by
the lack of specific knowledize of the environmental parameters tequired for goad,
sustainable growth. All plants require sunlight, oxyeen, catbon dioxide, a specific
temperature, salinity and nutriems (such as nitrate, mitrite and phosphate, as well as
many trace tutrients) in order to grow. Each of these specific factors, physical or
Biotogical must full within a certain range for plant growth to be at s optimum, The
more of 1hese factors there are outside the ideal range for the plant, the more stressed
the plant will be. and slower growth wall occur. I too many of these factors or any
single fuctor is too far bevond the scaweed s acceptable range. the plant will die

Ihe plams in the fagoons of the Gilbert Islands (like Abarang) are thought 10 exist very
¢lose 10 their limit of temperature Wolerance. Thus a small rise in wiiter temperature may
cause a collapse m production

ctors, physical andior

At present there 15 a distinet Tack of knowledee of which these

A | . | -y . -~ 1+
hrolegicul, srethe inutizg factors 10 growth

4.2 The Abziang seaweed production

The whles below show the production of seawesd m Abalang Atoll and Nuetea from
198510 1999 Spme data were notavarable

ﬁ

1985 | 1986 1987] 1988 | 1989 1990 1991 1991 [993 1994 | 3995 |

|
| Abaiang| 0O 2 1 5| 20 | 82 | 581 | 684 1 290 | 157 | 232 | 22

Table: Abatang Yearly Production (Tons) 19831997 (includes Nworea)

1993 | 1994 | 1995 1996 | 1997 | 199§ | 1989

. Jan 7843 | 23308 | 4989 0.057 | 0184 | 0000 | 0061 |

i Feb 12.686 | 35339 | 2270 0.240 0.000 | 0.000 | 0.000 |

. March 11654 | 200941 ' 3378 0,051 0000 0.000 (LO00 |

O April 33.568 | 15058 | 2510 0006 | 0000 0008 0000
 May 2022 | 39.194 | 4093 OAl1 | D000 0000 | 0.000
' June 3. 740 23298 | 0.000 0.735 0.000 0000 s
Tuly 11.338 | 18277 | 4485 | 1371 | 0000 | 0045 | 0.06
Aug 13.229 | 30940 | 3425 a6ls | 0000 N.222 | 0076

~ Sept 12743 [ 16893 | 2012 0038 [ 0000 | 0033 | 0014
Oct | 13.03% | 14453 L. 786 0000 | 0000 Q198 1 G000
N [ 78 ".ir:1. | 3,193 T r_; £ - 0005 | DOne {10000 S RATE]

Dec 6479 | 0926 | 0641 .00 w000 RE Y £y.003

.T:','.F*,.";‘ PRoidnyie 'L.,-'-. u::ﬂ'r_rrl_f’rn_."'uT.-am ey f ORI ] Ued
dualico b EE AL S i
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1446 1997 QY98 1999
. Jun 1.35% 373 .00 01.000
I{*b 225 . {133 thunn {00
."LI_:II'Eh- | 155 (1§30 ARG 000 -
April L33 0400 | 0000 | o000
May | 3049 0.394 | 0.000 0.000
TaRS 7121 0000 | 0000 | 0o
_ J ulj" 3061 (000 | 00080 (1000
| Aug | 4061 0000 | 0000 0000
Sept T AGl16 | 00D0 | 0000 | nooo
| Oct 1383 | 0.000 | 0000 @ 0.000
Nov [ 1.18F | 0.000 0,006 (0060
e 2076 | 0000 0,000 (.00
Tuble: Nuwarea Monfiy Production (Fons) 1993-799%
4.3 The Szawesd cultivalion ¢ritena
[vata supplied by the Atol] Seaweed Company in Rinbaly for the envirotmanal farm-

site selecthion are as fallows:

e Subtidal hntoral fizis ofddepths
Tanperature oplimal.

e Szimity opumal:

e Water hovemzsnt from:

o Currnt opsimally of:

-
5
13

i
33-38 pp1
=tidal clients

-advestion

23l

-Wavas

>0 cms"

- ) S T - : . r
*  Currents 10-20 ems™ sausfaciony i areas expnenting waves

Julivn 1 LAl T8
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5. Ohwnoission

The Geld of mhestgations asd numencal modeling swhich was required to datermine
¥

soleiitial inpacis and u;:vpm".ur::iics oy avend, remedy er mitgule adverse HHPHCLS

meludes: the folloming:

o Determine the actual batlnmelry of the reel and the lagoon.

e Measure hvdrodyfismic conditions 1o unprove the tnderstanding of the existing
situation, especially an relatton 1w water levels. curtents, sediments tihsport,
teriperature, dissolvied onvden. .

o Model existing snustion und propose moditications to assess efTects and allow:
desivn optimization using 2-dimensional mumerical models culibrated with field
MEOs0TENICs.

Julten TLET AT RIN P
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£l Dara

1 hispart of thee werk represen:s the busis of ibe carned cut work As a consegqaanes b
e most imporiant oiie foo.

The gneineer work consists in choosing the relevant spot where the relevant datu of
GBS or of bathymietrs must be collected, comsidering what 15 eventually uq-:u:cd e the
simulation under MIKE 21, Unformumately | &id not have the opportunity o do the
survieny and also o see the tneastrements step.

I'he purpose of the different sunveys are establishing the bathymnetry inside the lagoon,
measuring the water level and the currents to compare them with the model values

Fige CTD dllowed to nieasure Disgalved Os, turbudity, temperature, and saliniy aswell.

A, Warning

he phasical environment of the voasthines and near-shore aress is complex and
dutiinie, The seabed, foreshore und water charaetensues respond 10 the ever-changing
ciieets of the tides, waves, occan currents and winds. These natural changes octur o
e scales varving fromoonly o fow seconds (Wave by wave) to a fen mpnihs

| acasonaily ko several Abars (lone tepm erosiun Or accrenon)

Apurt e wepical problems of fouling, corrosion, waterproo? electromics, the main
problem o face is the inability 1o isolate phenomenon. Each water ristag 15 due 10 the
_'l.‘-]J'lLL the current, the nde. It means that it s Impns'il.He o simulate a0 eéxireme case
with o teimond], a-vesy high $ds and strong curresiis 2t the sametime alierens i can
leayiyely:

The mezsuremients ars limitgd hecause only acoustic waves can traval i the
water. . when it is possible besause of sediments in Suspension or over problens.

11 isfunhemmore mpossizle 1o reproduce a phenonienon.

Jelicn b i vl Kis [
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B. Measurements

To assist the Ministry of Natural Resources Development and Fisheries Department of
the Republic of Kiribati to develop marine resource management plans and
development of aguaculture projects in Abaiang Atoll, there was a need for baseline
knowledge of lagoon bathymetry, the circulation regime water level and temperature,
conductivity-temperature-depth profiles, and dissolved oxygen levels.

Some 800 kilometers of high-resolution bathymetric data was collected for Abaiang
Atoll lagoon. Five sites were occupied to measure current flow. Two water-level
recorders were also deployed to monitor tides. Twenty-seven stations in the lagoon were
monitored for salinity, temperature, and dissolved oxygen, measured with and turbidity
determined with the aid of a secchi disk. Bottom sediments were also taken at each of
these locations. For longer-term monitoring, six long-term temperature loggers were
deployed for a period of up to twelve months.

1. Objectives

The objectives of this survey (SOPAC survey number KI9401) were to:

1. Map the bathymetry of Abaiang lagoon
2. Monitor circulation
3. Collect physical baseline data for Abaiang lagoon.

The field survey study was done over the period 3™ to 19 August 1999.

Photo: *Yautalai” the boat of SOPAC
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2. Measurements

2.1. GPS measurements
211 Principle of the GPS

Developed by the US department of Defense, the Global Positioning System or GPS is a
worldwide navigation system. GPS receivers use fours of the 24 satellites orbiting high
above the Earth to avoid the problems encountered by land based systems as reference
points to calculate positions of accuracy to a matter of meters. The system uses
triangulation: it measures the time taken by radio signal to reach four satellites, and
knowing that radio signals travel at the speed of the light. finds out the distance to each.
At the intersection of the three circles, the expected pomt

Radius

Figure: System of global positioning

The measurements have been taken thanks to a Differential GPS; these more advanced
measurements require one stationary receiver to correct the errors with the already
known position. The differences are then used to correct the roving receiver
measurements. A fourth satellite is needed because of the time.

System Accuracy
GPS 10m.
DGPS 1 m
DGPS + atmosphere composition 1l cm

Table: Accuracy of the different GPS

2.2. Bathymetry

In all hydrodynamics situations, geographical configuration and bathymetry are the
principal controlling factors that determine the hydraulics

2.2.1. Equipment

Special eguipment had to be taken because of the very shallow water in this area.
Although SOPAC has got a multi-beam echo sounder, it was not possible to use it even
at high tide. That is why a simple transducer called Odom echotrack has been used for
profiling the seabed, and the digital output logged with Del Norte 1009. Echo depth
sounding is a method of measuring water depth by computing the time interval required
for sound waves to travel.

Julien LELAURIN 19
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The licasoring congisie of SN chisuwls @ sequence. referdnde, tempertine
conduetivity, pressurey cuerent direetion snd current spewd.

The complete wistrument (8 fiee 10 swing around the *:.:nm!h. thanks to the esficionr de
srainee, REMT depth L.Lpaaﬂ.i} 152000 mnecters. As the currenmt meter aligns ftsel in the
current, the dircetion 15 measured by the onemation of the msiument. The direction
sensar 15 & compass located at the bottom of the recarding unit. At the wpof it folor
senses the current speed. The revolutions of this mior are mmagnetically coupled toian
Cleetranie cotinter placed inside the unit. Every hall rovoliition s counted, Speed @nd
direction are sampled 30 times per recording mterval. A vector averaging method is
tised St recording the speed and the direction u!'l[, cutrent
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Figere: Descripiion of the moorings

The majority of the ¢urrént meters ars robust, guite simple but very pracize. In our casa
the purpose-of the current meters 15 only.checking the values of the medel:

Spectficarions | Direction Rpeﬂi
{dearees) (cmns ) -
Sensor type | Magnstic  compass  wuh  needle Rotor  with MaSnetic
. clu,“pi@ onio Emr‘mmm“—'kr nng _coupling '
Range 0) 10,360 degress - Y10 250 cims
Avouracy 3 degress o N "3"{;{{1 s T: ECES,

Jr.-"" o3 ‘.'...I"w'-'_i "]f--r!."_' Correnl e
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2.4.2

Choice of the spot

Three current meters were available for the sixteen-day survey At least two had to be at
the main entries of the atoll in order to have measurements at the boundary to compare
with the model. The others had to be in the areas where the mariculture project will be

established.

243

Plots

The most significant measurements are the current speed and direction m the channel. It

is also where the current seems to be the strongest

400 | R
350 1 T
300 | ==
=
o Jtnar
150 T
53 R s b7 g g g
E S ST

1749 g™

19:04

——7286 10 Pressure

—— 7286 10 Direction

7286 10 Speed |
|
Y S
W
o o h
NS S

Indeed the plots of speed and direction have almost periodic looks:

1. The trend line of the speed is a sine except a relative small peak at the

mmimum of the sine,
-

2. The wend lines of the direction are two constants equal to 25 and 205 degrees,

which are the main directions of the flow in- and out-coming with the tide.

Julien LELAURIN
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C. BibHography

1. FElevation of the sea leved

-

' hiete is aruct debate and wncenumty abountzancreasing levets of COy and ather guses
i1 the atmasphere and their effects on the ehimidte (the Greenheuse Effect). Tl potentrl
clioets: are Variation m ramfall pattems and remime due 10 increased wmperiure,
evaporation and shifis 10 regibnal wind system, and merease i the frequency af tropreal
exelenes; due to inereased air and sea surface temperatiie. Many stientisls also proposy
thal a rise in sea level due to thenmal expansion of seawater as a result ol temperatire
inerease and alse due to some polar and clacial melting could be expected to oceur
sradudlly ever the next 30-60 years. Estimates of sea level rise vary widely but the
Intetnational Panel on Climate Change have indicated thet as result of the enhanced
greenhouse effect. sea level will nse (relative 1o 135 1990 level) 0018 m. by the yeur 2030
and 0.4400. by the vear 2070, Tlis means that the fuure rate of sea level nse W 14

probably increase 1o between 4.5 mm year and 3.5 wim year

3. Tides
seesg that Mmessureneras Tah S Penindil Pidis, .I:; sde tad o be 1abdhyIntd aceoint
Thanks to'the Adnuralty Tide T4h]u wie can caleuiate theswater elavetion and compare
Hoaiil e measurements.
Place | M.l. | Harmonic constants Zone =1100 S, corrections
| .
Za Nis S: Ky 0, 1/4 diurnal | 16 dmnml |
Ahafang . p= | Hm: g | Hmu| g2 | Hm | ¢ Hm| &t | FE | & Fe
Atoll !
| | | | i
13s | 137 | 6Eh 1ed | 628 |z lees 2z lens B im0

Figure: Tadal collsninen:s of sbatang Srall fremy the Admirulee Tide Tubles
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Figure: Graph comparing the measured water elevation and the water elevation
calculated from the Admiralty Tide Table constituents

Seeing that the delay is due to the different times when the water level recorders and
current meter were switched on, the admiralty values are quite good for the simulation.

Julien LELAURIN
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I Sinudation
A, MIKE 21 package ’

. Application area

ey cloped By the DHT (Danish Institute of Technoloy), MIKE 21 is twosdumensional
depth averaged hydrodynamc software, To perform all the differcnt models like a waier
quality, o sedimentary trinspont o a tsunann madel for instance. it1s essenttal 1o first
set up the basic hydrodynamae model where all the others will be based an,

Vike 21 can be applied toa wide range of fiydravlic and related phenomena. These can
b diveded 1o four main application areas

: Constatl Ivdrauties i Oceanogranin:. This ifeludes maodelling of tedal
hydraplics, wind and wave generated cumreras, storm surges and oo
WaVES,

o Eiviremiontal 1hdrsniies. Tins encompasses  evenythung T Al
advection-dispersion simulation of conservative pollutants to complex water
quality simulations including chemical reactions. This means that we can
investigate the impact on the manne environment ffom vanous sources such
es sewape, storm water and cooling water outfalls. The epvironment
parameters  which could be swdisd are bactenal  concentrations,
edtrophication, zlgae bleoms, BOD-OD (bacenclogical onygen denrard -
dissolved oxveen) and others. Hzavy metal dispersion and {15 mftuencs on
marine Nlora and fauna camalso be investigated,

3 Maves. This covers wave awitation n harbouss: harbour ssiching. hindeas
and forecast dssiyn wave pammeters, non-linear transformation and ship
motions. We can therefore use Mike 21 as a tooi in the design of harbours
and offshore structures. It can be used to test the effects of new preakwater
alignments, navigation channels, wharf areas ¢ic., and to produce design
wave parametsrs for offshere installziions.

Ao Sediment Processes on-caast, in esiuznes and myvers. Thase include sedimant
jramspiart fvestiations of navizaion channels. harbour entrances. co3sts.
fiver ports. et
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The )3
properies:

et modiles

of wluch Mlike 21 consists Have the telowing

The computational Madules |

— — L
fm'r;{m.r.'a_rm‘ Module e Fuli wenchnesr egqeevons of comnmuty ahd comservaton i :
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IL,.r;.- i il Madide | & BOD-DO, bxygen depletion and basteral deeay hatances
________ | »  Orgamic miirogen. amemomia and pitrate haliness
funuph.': ateem Module | Ih\“' lancton,  benthic ‘-'5;11: zonplankton,  bemhwe  aleae,
soopiinkion, oxygen balances and mmeralisation estimates
- .o Dependenee on nutnient avatabilin . ght and wemperatle i
hﬂ vIkS Morais AModile I Combined physical; chemical and n:mnghal Pruocesses
[piake in organism .
Vied Transport \fadide o (ohesive sediment erosion, transport and ...P‘.‘Hhhf-l-
Siaand Trankpart s Nuonmcohesive  sediment  trananort using  Esgclundsb Fedine s
{ormulation under the action of Suirents dnd waves, boty breakng
 andnon-brezking . ]
e g b o Irarsportand izl S0es oF s=spendes TRt
' o Pollitants areconsidered as pireles .
| - o [.agrancian spprozch
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Pavabeolic Sld-Flape | » I.:n-:ar_r-‘“"n:n-;-“-m:t:_c‘u:m i igsser goastal areps
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. _'____ e Superpositiondier feguency and dinpdicn .
Nearshore Speceral o Discrese diwecnions; paramettic in Trequenicy '
Wind-Wave Madule o Szatipnary wind fields
| Teve breaking wavessument inenalaon, Todidjony dyestes
| » Nod:iffraction. no refiection
Oishigre. Speotes] Wonk | & INscréte directians and frequene:
e Aendinle . s  Timevamine 1-!_:.'.& {Eslds
+  Secondpereraton wind-wave ma e
L]

Pafamstne weve - wave tercsin
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[lerelore. the
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2. Numerical Modelling - Eguations

-

ntike other relazed disciplines. such as Sedimentology and ater quality, the hasie

cyuations are well known in livdrodsnamics. The only and difficult problens s .ﬂ&o]'re
them. Al equations in hydrodymanties stemi fFom the three-disensional Naviees tokes

cqliations that read

¢l Ciontamaty

O T L !
. : (1)

22, Momemiom
Cie Ci - oy Ctew 1.&p du S Ew %
= e e s = A o YT T (=)
! By e gr= X "R S T WY i
_|+{_|'|"| [ . '||'I-__II£‘“=|'I-_'.'-“_'1| {';'I
t [ L =, AT ik [ ] s
; ( 3 1o i i
- -——=— j'-—-.l_———.--_— =i [=)
L ) & V= il \ T i s = |
2.3 Boundary condilions
ree surlece cunndition::
Er £Z = B ) -
W= ——s——+— for 2 = s {2)
o 2y 3
Jottein conditlon:
w=v=w={ ponr =0 {ta]
Where x, 3. = denoiz the space coordinates. i, v, i represent the three componsnis of he
valgeity, pis il desngity andip'is the préssure.
The eontinuny cquation cw_":reﬁ sthe mass conservation, whtle the momentum 2quation

is netualiv the fundamental Taw o “:I- amiics. written for fluids. The ounly assumpliod in
thess eauations is that the: fluid should be Newionian and this 1¢ indeed an exceilernt

Ty

Las

approximation for water, The main difficulty of the Navier-Stokes equations stems: i
the non-linesr terms that challenge the numeneal algorithms and ar2 also responsible for
the fow twrbulence. Asamatter of fact, it is important to-nete here that turbulence, with
allits complenity. is coptained fivthe Navier-Stokes equations.

mdustrial tool for directy solving the 3D Navier-Stones

For the tme: being. no
euations for free surface Pows ¢ dvailable. One of the greater éitflculites s the Iree
time Many Kindsot

sutinee itself. which couses the computational domain 1o visy Int
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simpliffieanoss huve boen proposed. the mest popular bomg the Shablow  Winer
cyuaions gives b Bins de San- Vet oo contury dao. sl MIKE 21 sbosad sait,

32 Shattow. Warer Eauations

The 21-Shallew Witer cquations ane obininad Sy wdns averdying of the 3D Xiwier-
Stokes cquations over the depth The new vanzbles obtained are mean yalues over the

depih, Letts cails

(s3] = |T:n;’: and Ty, 2= J1 de ER

Wlhere & is ihe free surface and 4 s the bottom elevation, Solving the equations will
consist of finding thevalues af (5 1V and b everywhere i a domain, during a given [apse
oftinie, a8 functions of mital conditions and the boundury conditions:

L0 AW s ST AL u;" il eoiration s,
1

Fhe dedaation of the shuilow Wi equities# 15 niainly hasad on the Lethniie rule:

- -

A L'.' (T [ .
o [ J?- I =itz ==tz )= 1>)

Any funetion can bedisided with anvaverags o anda Huetuam ¢ ¢

e s selvnsin=EltaL 2

Integration of the cotitnn €j1aaiion.

ﬂ_r-i_.l:“’n' =1 ‘\]IJ_

d P " 2

f = _| dz=10 (10
AR G IR =

s N ) ?: = ZoT - ) C'_._'f O . AT :
= F'E ~ = = h{ = —=— |z = 2 == == =u{Z)=ul=i)y=0411)
" £x ¢ . EXE £% &
Following the bawfony and the fige surface condiiions: it remains:

5 = el —— ]‘.:.‘::l_' (12}

! A i lI >
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Tahdnpthe o srage we fAnaliy oblim

al i ' i13)

i —=} =L

.r’_

b L (T 5

I_lII 'l

Titogration of e vertical moveient cpiion

Tiv order o obtam e pressurcin 2. the follawing is

STt T o ST TR ol oE, f R VLY A T - .
['r— + I—— = e — [— '——J:-'__":'l T e = | |:|‘1+
vl Py (i (= A =\ Cn £ =y :

From the Lethnitz mile, we obtam the expressions

e &7 f- (15)

(l_’-ﬂ-.r.n e r |q_l,-.-.~:': _:”-: 1[‘7 ]f_—-_ i 16)

]

e e BB

Tad il B 2
— o= (2 =] (L&)
o

(159

[ 20 = o (20

. &= ci i . _
ol T)= = uil) {21)

Mopeover, e prassure avihe fee surface1s taken 10 beogual to 7er; ig. prz= 3=,

e T b ] =
£ . L H i - ' . A A
- .lnef:T .J'u.i:-—J'-I'...':--'--.'I:Iz o= 2ls=a )= s l==)
T = - % S -

Takine the mean of the shove equation: then making the assumption that the verueal

veloctnv rersams emul . 1hen we pssumethat w =0 an often overlooked conssyuinee 14

ihat sic slopies shinuid e avoided whey they are facing the flow
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i_ ]
= ['n“_ — ['- =il
L ot
2 i M
1 E_"!,'.'.L'j_ =\ |_3.I'|I.J_

- . 0 = . —="
) E”“"': Fr— Ji.‘i R — {.'f'--...‘:
Qv %

: " ] I: | l.q : *
; I'n"n.::‘-' : [IZ‘. w RS == I'u'fm-h
(150 T -
GIZ =) =gts -2
plzy 1=y
.I||" lp.-"
I'Ais wives the fallowing result:
Jig =) = (Y el [l ==
e -2 (el |.r.=.:—— Vhgs = Wi l)
fl - - hp

Integrinean of the horzotal ivomenzim eguations.

(2%

(249}

The derivatuon is detailed term by temm for the frgs momentlm equatjon:

"l+' S Bt Suv Lh-.-. | I-I '|+ Su tw €
bl o a3 = ie __: — —r —_—— ==
e el i = = e TLET W
o d g

I'._f-';: e J,m"d —m,_] e

=t cf = er

el é 3 ch

[‘ l.:=___ H] t|'r'—11!{ }'——.JI—JJ}—
e Ex s C x

Fu

Er sy f &= (T
s do=== Ex.'t'r".,uu!'1 e —'—'!I:-'l:lt-—fll—
Gy v 3 & o

i

P .

—— sz =i a2
Wy L B ch
f=bfrs— A = Bl —=p1—
Rt L €l rx

lerice sumiming all these tenms, Wresults in the following

bezause af the freesurtfaee condition

J?|_.__._|I|__'||_h - i

(51

(32

Ern Ut I8 cdinll Wy avto

ta el
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The presssa ot 1he free sarfuce atd the speed a3 the bétiomy are taken a8 vero. Ji
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o E Tk il & W=V ; '
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W obtain the movament ediiaton imteerised on the Vertich] und averaged on Jpend.
[0 berms l,i..-r--._xl-._l o e e "'r_u.l Theinanons:

S = ey de= path <) |45
_” - ‘ L B
S, = [ (401
O for the secand monenum eqastion
4 - 1h*--- =\ i
Si= f PP WS- (T4 2] (=71
ik 2
M
I J“‘ il (48]
eN . _
Thetlerms . = — arethe components of the clivetive shear stess,
[ Y
A lasy assumption 1s made assuming thal the madn bunsonial deinoiies ao2 Jonshun

Aonithe variical

(s =iy F=dt)eul (49}

J’“ 11"*—1HI'~'—I:5-;F_ L'y {5
i,

Then we obwin the Shellow Water equations expressed in averaged velocity
Introducing she wind and botlom friction stress components, the sysiem ol Jguauons
bezonies:

B e (31)
i [ i
et Fr 3 - = R 5 x i i.: FE i e Lz
— ‘_;r'_'_'._frb._ - — ————--T P o— —TI{ — =Tk ‘?:
i Fele i S Y TR DT RO s T = 3 e o i
| S =T ST = L o ig . 7 40 N ér = h
—= ‘..__*t = e e — e . —— ) — = b =— 1= i22])
! {141 s Y P Fa) =% 0 = 1 o =

Juboen EELAL RS




SOPAC Training Report 87

Wy EL

: caitipanear aeiteciive shelirstress

= botony friction stress

2 wind frigtion stress i
Yo Cturhilent viscosity

7 CConolis paremeter

The vilugs of the Bottem fricten stress and of thet
mmortant m the stability of the numencal mode], T
ehtinited Patreducine the Chezy cocfficient written (-

urbulost VISCOSIIY LONNSiare vary

e hotiom fhchion stress 1mn 15

23 Numenczl foarmulation

Uhhe tutrerical moddl Is o figite-difference scherma esinge an ADL (Altemating
Mirection. Imphan techmiguz o mtegrate the equation for mass datd memenium
conseryvetion ke space-tme Jomain. A Double Swep (DS) algorihm resalves the
- 'l'.:,'L'l'iLl'."I TRl Es

VIKE 21'HD has the following properties:

I, Zero numencal imass and mementum falsiication and negligible
numerical energy falsification. overthe range of practical appiications,
through centring of all differsace iorms znd dominant coeffidients,
achieve without resort 10 Eeranon.

2. Sgeond 1o thirdsdmder pccurste corvecluNe momeHtum wmes; ol
"ﬁft‘{}‘!d and lh‘rd order” t'pcct'n ey in temis.o 1 dt:,cmw”mr eftar in

Taylor serres expansion

The difference tanns ere expressed ona sizggered 5 i ML v-3pase @ shownbelow.

el o P | > A
- | ‘ | -
A | | -
v F 3 A e |
. Bl I ]
R _._ | } i T
. |
I |
L A s
= I .
. o
I
. =
e
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Whete fand ¢ sre flux densities moss dnd sediveetioni(ar s mu=tuhahiy (es)=depth
averaged veloeitios n s=and y-ditection
The cguatons are solved i one-dimensional sweeps aliemaung between A and v
directions: I the x-swoep ihe coptinudin and -momentim equations are solved. 1eking
2 from e w1 2and p frony wto n=1. n-1 and n+1 20 Forahe terms mvelvng 4. the
iwo levels of old, Enown values are usedi 1. n-1. 2 and n+1.2
g the v-sweep the contnuity and y-momenium equations wre solved. takmyg £ from
e 12 el and ¢ from o from n=1.2 (o n=3, while temms in p uscithe value just
caleulated 1n e w=eweeparnand n+ |

Ve The 1wn sweeps togetfior mives tine ceftnng At h+1 2

3 AMethod

Iv was perhaps the mostdifficult step because almost nobody TL.iH v uses MIKE 21 very
dften i SOPAC. 1 had moreover 1o use the new version of the software, winch was
qore nserfriendly but totally unkaown of the staff of SOPAC. It was not possibls 1o
venif through the 20 manual books. Thanks 1o the examples available with the software
i the previdus studies on the old verston of the safiware, 1 maneged 1o understand the
wav MIKE 21 warks after iwo months and several hundreds of tries.

It swps {mportant zs w L]I for hr:mg sensitised to the CPU ume because some simulations

Tapid

et bl ».n.“--" they! 1o Beruny ditpine the weeke

g wad g TR e B -
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4. MIKE 21 user guide

4.1 Creating a project
An important thing 1s to organise the work area.
4.1.1 In the explorer

e Creating the first new folder
The user has to create a new folder called Abaiang project for instance, in which all
the files of the project will be save.

¢ Creating the first new folders inside
Then, the folders ‘data’ and ‘work’ have to be created in Abaiang_project

4.1.2.In MIKE 21

e Open MIKE 21
The MIKE Zero window shell appears.
MIKE Zero is the user interface, in which we are working most of the time.

Figure: Zero window shell

Julien LELAURIN 35




SOPAC Training Report 87

Click on the icon ‘new file’
Then, an overview of the different tasks that can be performed from MIKE 21 appears.

@ Non-Cohessa Sedime' Tmnsport

@ Batwymetries

@ Flow Model

¢ BousminesqWweves

@ Mearshore Specral Weves
@ Pumbofic Mild Slops Wawas
HHIKEHTM-:H

Figure: Overview of MIKE Zero and MIKE 21 tasks
4.2, Pre-processing

4.2.1 Creating a bathymetry

e Choose the menu “bathymetry’
A window of the bathymetry editor appears. This tool provides a work environment for
It inchudes utilities for importing raw data from external sources or to manually create
data by using the built-in drawing tools.
Creating a new bathymetry requires that the geographical workspace area be defined.
The ‘Define Working Area’ dialogue is therefore opened.

Figure The Define Working Area dialogue of the Bathymetry Editor
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o imapiorting the dita tren NzDign (Ggitising Sofware o M2T poackage)
o [Trcating lypé 2 duta describmg e hathasetry
Nepes 17 is the sorlenessof the Sghare Bhiiny we wanlila work v It mcans St a e

I correspionds with o veclor amd dien ype v wih g sealar. .

We wpiei the Define bathymetry area’ fron.
Workareeas = Rathvmetiy Satggemant-=Nov
Hepe wis Kove (o choose the dimersions ol the matnx

Clivosine the grid isnot reallycasy (see later for the case of Abatuig Ateil).

Severnl hivg l.d:-—pi_u;.; edv migees of adivice o avord instabalites

|, The latgest erid is the belter one o compute properly the wind surge.

Ihe flow direction and the open boundariés must be, as far 4s possible,

pempendicular.

3 The bathymerty should be smoath when close to open boundanes:

It 15 better if the open houndaries do not meet in cormers of the erid spacing

These cotpiers must tjot beona smallssland compare i the end spacing.

5, Avaid sudden expangion and coamtaction of the flow close 10wy open
Sarndany,

6, I possilile, e
Girsehon

7. The point (0,0) 15 the-most aceurazely known.

8. Bumins and holes anist be as far as possible from the bounduries:

9. Averd the following kimd of boundanes:

1o

aff e eanrdire axes s heparalizl moabe mam fhow

e B e Py B s 43

]
| L

— —_— s _
i
.

~ The grd spacing
It {2 the smaceBerweeh twa points, drthe width of the squareshat will be given a mean
deptiy It's yery important 10 be accuraic in 1he model bat pet o niuch 10 he abie 1o run
it giventha CPU limit,

2.2 2. Croasmg-an interpolated grd
Waawe &2 inke Bathvinairy editor, We open the ‘Define bathemetry 2™ frony
DR e }i-fl];'l-";-'_"-'-'l'lt‘ff"l.' Meana et
Then we clitk on ‘Interpolate’. The diglogue box allows us o chogse the ape of
riterpolission for the.gn d .
[ she giid we get isenmmacl. wecan finally cmute thetape 2
ef e tnespolaton
Plicathe Bathymatey files {& rendy for the comprltation;

e b enportiog the resilt
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4.2.3 Creating a flow model

We are back the MIKE Zero window We click on the ‘New’ icon and choose the task
'‘Flow Model’. The following window appears.

F =y w-q':ET— i A
P L

W ey Tis
MIH !_'!_‘r.__

":ﬂw Flow Model ‘c_ripﬂan
The ‘Flow Model Description’ is presented as checklist.
e Basic ers
» Module Selection

» Bathymetry
We have to specify the type 2 file describing the bathymetry we want to work with.

» Simulation Period
The time step for a simulation is selected as follows:

- First we have to determine the grid spacing, Ax, as described in 4.2.2.
- Secondly we decide on the maximum allowed Current number, C,.

- Then we can determine the maximum time step, Afmz, Which can be used in the model
from the definition of the Current number:

Mpee =Ax. C, ' €

where c 15 the celerity. For a tidal wave, we have:
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C= g8

05 gravity ind £ the ssaxanal seater depth.

=

-
-

-
L

The e st s be wsed vdhie model, e canthen be chosen as.a “eom et number
-

not greaterthun <M.

Fially we have to cheek shat the Clrrent number based on the curremt speed. .
misicad of e wave celeriys s l'-'.t.:r than 1 for the time step chosen. This is hearly
el avs e case, but 111 is net. we must rduce the chosen e step. (o tsdefined as:

TR /s T Y
Whste 175, . 18 the masimum cutrent speed. which occurs durmg the simulation.

Iy the samre way MIKE 21 caleulates the water level and fow na mu miber af d1-er.tr..
fime sieps. Knad just as the grid pownt should be placed equidistant so should the step,
the computation should progress with a constant time merement

As e informution (fer water levels and fluxes) in the computational gnd travel at a
speed corresponding to the celerity. the Curvent number is an expression gl haswe many

orid ponns the informatibn Mmoves 1t o Ume siep

Nomally we can have a maxinumy Current number 1n the model of up 10 7. The
maximum valie, which can be tsed withowt having stability problems, does however
depend on the bathymetry, For very-smooth bathymetry, MIKE 31 allows Current
nimbers up to gbout 20

~ Boundary
~ Sources ond sinks

~ Flood and drv
A owery valuable facility: im MIKE 21 is its: capability 1o anclude and exclude
computational arcas dynamically diring the simulation Jle. . comipute flow i an ared,
which sometmes dries out and is sometimes flooded (e o tidal flas).

Corsinuity s &ilv pT"‘S*‘n d éu* dsh i it Grvang ‘-l'l.'.hL\:. as the water depths
arik '1@1:11:‘ “]th st ardd od

:Ll.m'[cd ﬂn

whan the poimt hecomes

o Hydrodvnamic Parameis:s

~ Initdal surface elasstion
v mitel surface elevation that mziches the houndary conditions it the st tune step
wld be specificd. The average surfice clovation at the bper boundares can be
o
P
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= HI Boundany
I s deseripsion of the Buthymetey 1s the mest important Task ) the modelling process
tien the descrition of the water levels and Jow at the open boundaries is the seeond
mE mportant task. The hetter the houndary condibtons are. the better the results and
the few er the mstahihiv probléms are i

[l chibtee of Varialion at an 'open boundary can be erther level er Dux (the ux s the
ttl amount of discharge passing the open houndary). Actual values: level or thux, ot
cocliBoundare can be speeified inone of five different formats

- Acopsuint value

- Ausine sencs

- Adime series (vpe O file)

- Alipe series (type | file)

- Transferred datum

»~ bBddysascosiy
The Fddy viscosity was unknown before the computation As a consequence. 1t became
one of the parameters to-be changed n order to repraduce the reality,

s msainly used 1o stabilize the solution. If the results arz-spuriaus with high frequent

asciilations in the water levels, the result can be smoothenad by increasing the Eddy
wWizcosity inthe area.

Serentific backaromi:

aprestiem uves due

L
¥
=
=

Fhe effeciive shear strasses in the momenium equations conta
to turbulence and vertieal integration: The iermis are included using an Eddy viscosity
forrmaletie:.

The forimlution of the Eddy viscosuy 1w e squalions fas peah implemeited it o

Ll 1

s  Fiux Based formulanion

§ e e e '[ET {x-momentum)

i - -,
1

where P is the ity i tha y-directidn and £ i= the Eady vistosin«

e Veloc:y based formulation

£ i,r
lne i
x| fel @& 6 r

£

wlverie st verbeny mthe wdirecnon amd i e water domn

Strietlyespeakimeshie first formulanen s oniy comect W a constant depth and should be

splied Wl gredt care iy drder to avuid falsifieauan of the flow panam.
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e vetocity based Sormulation, which ie Mmore comeel. is unfonunately alen oz
difficult 1o amgilement by the munencal afgorithm. This 15 because the system uses e
MTuxes as the wihknewn parametess and not ihe veloenes, Therefori the veloeitv-bused
fermalation 1s implememed by tsing the yveorics from the previous time step. This

casn, howen oF, tend 1o stabilisy probieimis when the Eddy viscosiiy coefficient £ becomes

faree. The coefticient-must fulft thecntenen: .
At
— % —
Ay 2

Specifimg it Fda vaiseosin.

The Edds viscosfiv coeificient £ van be specitied i three different ways:
s A5 constant valie for the entire computational domain;
o Fropva bype 2 data file giving the value ateach gnd point,

o & time-yarving function of the local eradients inothe velociy feid

{'h1s formulation is based on the so-called Smagarinski concept, which

xelds:

where LU0 1 7g=ethe Jcp'h average m!m v components in the.v- and vedireetion, Mistae

T

srid spacing and o« i3 weondtan 1o be.chosan in the imterval £ 0.25: 10 1.0,

The Smxagorinsii facility 18 combined with the following formulation ot the shez

LUPESESE, 1.2 :

2 = i I
L SR lJ.E!—L‘-"—— |
&x | cx gy |2 L ey &= f

~ Bedesd pTEr resislancE
& Most iImponard 15 10 know 1ha sing asmaller resistance numbser j;icrea:ﬁ';h:.bad
1:r::'-15..m|.-- and viee versay It 38 hasd wichoosa the cor sumt value or possibly the tipe2

file &8 a4 Manning or Chezy ﬂL;l‘;E"i‘;‘:? becauss the formula Which links both depends on
thedhersht: .

= '.f_n’:'.

W alues i the ra i 2030 are normally used with 2 suggested value of 32 m' s forthe
WEatg nibmrher w hereas the ringe is 30-30 fir the Chezy number, [t (s'hetter to choose
the Clivsy o T e tional time By cateulating &' " far cacl
e Cliesy nimber 1ot to merease the coriputztional tme by calculating &4 7 for cach
sant of e seid
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# Wind conditions
Definition of the wind direction:
The degrees have to be calculated like shown with the blue arrow.

True North

Wind Direction

True South

There are two ways to import wind data files:

1.  Atype O file has to be edited if the wind is constant in space.

2. Atype 2 file has to be edited if the wind varies in time and space.

The condition is having wind data for at least all the simulation period. There is no
question of time interval.

» HD Results
Here are defined the output specifications. We choose the output areas and periods of
the simulation those are going to be simulated in the post-processing.
4.3. Post-processing
4.3.1. Tool boxes

This new version of MIKE 21 has got two interesting tools for pre- and post-processing,
especially for specific data analyse.

e MIKE Zero Toolbox editors
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¢ MIKE 21 Toolbox editors

Fig. The MIKE 21 Toolbox

4.3.2. Running the simulation
e Plot Composer Editor
Creating a new plot composition first opens an empty plot.
From: Plot->Insert New Plot Object, we then specify which type of plot we want to
generate and an empty area corresponding to our specification appears.

To insert a plot into this area, first we have too select this area (left click). A right click
in the selected area will open 2 menu box from which we have to select ‘Properties’.
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~ Data sclection
Here we have to select the master file. which the tipz 2 file that has been executed
thanks to the simulation.

> Select em
For each step of the simulation, two pieces of information can be available thanks to the,

comours and the vectors, Among ail the available items, a speed and a fux can not be
chosen together,

» Select sub-serics
We can select a sub-area and a sub-serie.
Thie last available set 1s written by default but can be corrected.
To know how many steps there are in the simulation, we just have to calculate:

Nutisber of steps = Floor o] +ilast set first setiistep)
» Conours defimtion

It is perhaps better with the isolines and the shading colours. Anyway it 1 necessary o
click on *Levels/Colours' then on “Linear Auto Scale’ to have an appropriate scile.
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B. Basic simulation

1. Set-up of the bathymetry

The first step and by far the most important task m a modelling process was setting up
the bathymetry model. A few hours less spent in setting up the model bathymetry might
later mean extra days spent in the calibration process Data used for the compilation was
sourced from a survey completed in Abaiang atoll in August 1999. (¢f /1.B.2)

With the old version of MIKE 21, instead of setting up the model directly in the
software, the user preferred using the software Quicksurf that is a surface modelling
system running inside AutoCAD R14 Quicksurf is package used for generation of
contour maps, profiles, and interpolation grids

Then, after having generated an interpolation grid, the next step consisted in exporting 1t
MIKE 21 after having converted the grid data into a MIKE 21 format using a
FORTRAN routine.

The new version of MIKE 21 has new and more powerful tools of map digitizing and
grid generation.

1.1  Set-up of the contour map under AutoCAD
First, the coastline and the reef have been digitized under AutoCAD from a 1:25000

series DOS map.
Then, using Quicksurf, we imported the ASCII pomt files within the model.

(ol t
SIS e dfCE et

el [

Figure: Abaiang Map with imported data under AutoCAD
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Some corrections have been necessary to avoid the superposition of some data and to
have a coherent bathymetry according to the maps These corrections have been done
mainly on the reef where data was difficult to collect during the survey because it was
very shallow. Offshore, we added some points near the open boundary where the
bathymetry is known to be very deep For the purpose of the model we assume a depth
of 100m to keep a low courant for the model (100 meters).

After correction all data Chart datum a contour map was generated by Quicksurf and
plotted at 1:25000 scale.

1.2 Digitizing of the contour map
This task has been realized with a program of the MIKE 21 package: MzDigi.
The program MzDigi uses a x,y format coordinates system for the model the origin
referenced to a known geographical position. Blue Marble Geographic Calculator was

used to carry out the transformations from UTM system 3 WGS 1984 to the geodetic
system 3 WGS 1984,

e e rarprmp i Ul wilastidr

I': Geographic Calculator

Thismskakhnughtimemmmmgnﬂnmﬂrrm&xtnhimadi&mmmﬂamap
co-ordinate system.

1.3 Interpolation

In compiling the bathymetry several mterpolations were tried. The first one using
AutoCAD was not easy and considered somewhat nefficient when attempting to define
the shoreline or land boundary for the model. Using an alternative software package
Maplnfo with VerticalMapper, interpolation of the bathymetry with the shoreline was
easier to define however the more important problem was then exporting this
bathymetric model to Mike 21 as this program has very specific file format only
common to this program.
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However the new windows version of MIKE21 has been develop with a better tools for
interpolation and grid generation

At first we chose a grid size of 200 m. per 200 m. but seeing the size of the model, the
time of computation (more than 4 hours just for the hydrodynamic module) and the size
of the result files (about 3 gigabytes) we have been obliged to choose a 400 m. per
400m. grid size, which was more reasonable.

1.4 Smoothing the bathymetry

Further adjustments to remove incoherent values from the onginal interpolation to
produce a smooth bathymetnc model to avoid computational blowups.
Approximately two months of work was required to prepare the bathymetry model.

Bathymetry Tirme step. 0, Layer O

d

o x a0 ] BT o
(0 A g aang 200 sl

Figure: Bathymetry of Abaiang Atoll under MIKE 21
1.5 Final correction
1.5.1. The open sea

As we did not have data about the bathymetry outside the atoll, noting it deepens
rapidly to great depth form the reef crest an assume depth of the sea outside the atoll of
100 meters, decreasing slowly, linearly and continuously as we approach the shore to
avoid computational blow up was used
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Of the dussues oxistmg the lagoen to tire w25t onlv one was navigable hy ihe SUTvVeN
boat the otlier 1o the cauih was 2 emall bads passave therefore some assumplion as to
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Figure: Bathymetry of Abaiang Atoll under MIKE 21 after final corrections

Figure: Bathymetry 3D of Abaiang Atoll under MIKE 21 after final corrections
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2. Set-up of the hydrodynamic moded

The purpose of the calibration is 1o tune the mode] in order to reprodice s atpsiuetorily
results which compare well with measured conditions for a particular period known. 4
15 rare that the first few simulations will provide good results as'model instatulity can
Fesult i the sigsalation endmg prematurely

Vuny parameters can be changad i order 10 find the same piot with the cotpuzer JAs
with the eurient maeter. The mnin purpose 15 indimg the same plotin specifie sreas Wil

s The 12 hours 23 minutes perad:
».  Thechange of flux direction;
o Appronimitely the same amplinudes:

. R T T

CuliBration meastireinents were recorded 2t an every Ien seconds mlemval aver & ten
duys peniod. This then defined the simulation peried and the time sleps for companng
sode] peeilis with mulated results. Ttis important hecause with different time steps or
periads, somme phenomenon could haye beus nitssed

At the beeinning, the sunulated plot 1s wo far from the measurement that ts why there is
no need to wait for a long computanon, Lhen we chose a simulssion penod of muuaw:
The full simulation penod is from the 6" of August 1999 at 12H00 PM to the 167 of
Suaust 1999 ut 1ZHO0 PM, wish a timz stepiof 100 seean

This produces:a courant nummberof 783, which 5 2 goe LI. indicator for madel gability
Several hours hate been fiecessary 10 complete the simulation.

22, Initiz] Surfacs Elevanon

At the beginning of the simulaion. the ude 1s not at the mean lavel. Se the ininal
surface elevation had 1o be Tound that correspended 10 the siart of the simulation pertod
as°50'a@s 10 have no computational blowup. _

By editing the type 0 Gleof the admiralty tide (¢f [8.3.]), tae iitial surfzee elevation
was given as the same valie as the surface elevation at the open boundary. e, di6] 24
i

Itv comparing the computed water leve! fomy ihe Admaralty daia, the delay s dueio the
Sifferem times when the witer level recorders and current -meter were switched Wit
oiherwise the admitainy values sreprovide 2 good time series for the simulation,

2.3 Pryingand fooding
A Srolsiesm of fasrenial ale il s g 2onos s frore soumes terms mothe W EdieedLalns

e W

1 tend 100, The solizion 1510 femove the

Mave divistonss which Jhl toafinfy when

GV 2 OIS [Ty 1T Comapa Ll o = dopumn
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To enable the possibility of flooding and drying areas, the depths where the
computational points should be taken out or reentered into the computations has to be
chosen. The value given as default that 1s 0.2 m for the drying depth and 0.3 m. for the
flooding depth fits perfectly to the situation

2.4. Eddy viscosity

For our studies, we specified a type 2 file to descnibe the turbulent viscosity for the
whole flow field. In our model, the turbulence was important and using a constant eddy

viscosity model was too simple
2.5. Wind conditions

Like the Eddy wiscosity, there 1s no wind measurement available except for data
summarized in chapter /.B.3.4 of this report but it is not accurate enough. However
during the and for model purposes the wind was from an easterly direction with an
average speed of 15 knots. According to the requirements of MIKE 21 the direction has
been fixed to 90 degrees. Later, we ran simulations with the wind blowing from north,
south and west, and without wind

3. Plots and analyses

After having run several simulations, corrected the bathymetry m order to avoid blow
ups which end the simulation prematurely and calibrated the model, output graphs of
water elevation and velocities can be analyzed.

3.1. Water level elevation

The followmng graph compares the measured and the computed water elevation. [t
clearly shows little difference between the two curves.

B S— —
i -

R

——

eF

OF -

an o

-1 —w

!

won [
P g

!
!
1

Figure: Comparison of measured and computed water elevations of point (69,31)
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Additional points from the model were examined and similar if not better correlation
were produced between the measured and the computed water elevation except in one
area of the atoll

Indeed on the northwesterly part of the lagoon (Beacon Nuotea), there 15 an important
difference of phase
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Figure: Comparison of measured and computed water elevations of point (12,55)

This difference of phase comes essentially from the fact that during the survey, the
water level recorder (848) has been moored just behind a growth of coral, which disrupt
the flow locally. It was not possible for us to modelise such a local phenomenon
because of the size of the grid

3.2. Velocities

An analysis of the 2D velocities maps shows that the flow is linear at almost every time
steps.

In examining the velocities at different grid points m the model, it can be observed that
the current follows the tide well. The fact that the velocities are more important in the
small passages is not surprising because they are the spot where are localised the
inflows and outflows due to the tides Concerning the shape of certain curves, the large
peaks observed just before low tide or just after high tide may be due to the effect of
flooding and drying in the model (¢f I11.B.2.3.).

The whole model seems to reproduce velocities that are coherent.
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Figure: Flow in the southwester passages of Abaiang Atoll during high tide
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Figure: Flow in the northwest passages of Abaiang Atoll during low tide
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The plots comparing the measured and calculated speed in different spots of the lagoon
can be found in Annexe 4

3.3, Description of the crrculation in the lagoon

Using one of the options of the Plor Composer of MIKE 21: Track Flow Visualisation,
we have been able to draw conclusions as to the circulation pattern of the lagoon based
on the 2-D model for different wind conditions. This generalised circulation for the
lagoon appears to be quite complex as a reflection of the complicated bathymetry as
illustrated in the figure below for an easterly wind of 10 knots.

it i il e, = 8

i |

et o el W
-
=

A

g5

-l
=

Ha

ooB,
kEag
o

]
-
E

AN
&
-]

Fs

.
&
A
]

In the figure above the principal m flow regions are associated with the breaks in the
barrier reef to the west. The more important inflow of water is in an area to the south
reef break (Bmgham Passage) The major outflow region of the lagoon is over the large
open northwestern reef flat.

A strong longshore current along the eastern margin form the south to the north of the
lagoon is also evident from the model. In the field it was noted there was a build-up of
sediment occurring on the southern side of a coastal structures, groins, and seawall
structures protecting reclamation projects in the northeastern section of the island.

We can remark the stream along the shoreline of the main island, which has an
important influence on certain spots of aquaculture (¢f /I1.D.).

For a westerly wind of 5 knots we can remark an inversion of the direction of the flow
compare to the previous figure (¢f Figure Annex 4).
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. Water Quality simulation

1. Introduction
-
[lie water quahty module of MIKE 21 13 used to mvestizate the environmental
prablems connected to pollution sources such as domestic and ndusthzl sewage and

aercohiura] in-oif frvoastal arcas

Ihe model describes the resulting concentrations of bactertas which thicatens hathing
water guality, exyeen depletion due to the release of BOD, excess coticentrations ol
dutrients, chlaraphyTlputrient mtetactions and degradation of chemical substances.

The water quality module is integrated: with the advecton-dispersion module, which
deseribes the physical trunspont processes at cach gnd-pomnt covenng the arca-nf
terest, Other data requited sre concentrations at model boundaries, st and
concenrations from potlution sources, water lemperature, €1c,

The systeny solves the process cqualions sing a rational exirapolation micthod B ah
itesraied wwa-siep procedune i ik the advection-dispersion'module

Y, Applications
The water quadity module is used for a range of environmeital invesgations.
il e

Fir ihe project i 208 olodslity, the applicstansate:

« Temiperature and saliy.

¢  Oxveen conditons affecied by BOD. amumema and other ox) gen consumying

sithatances

Eor this studv, wa will just pricsss the temperzture and the salmigy mthe lagoon.

3. Setcop of the model

3.1, Iniial and Houndasy conditions

In thispart of the work, the migin difficult task has bzeato deiine the boundss and

fniial ondifions. winztha data callecied durmmpe thesunvey,

#

Ihatike 10 the twems-Seven sitions in lagoon. which were monitored for salimity,
temperature, and dissohved oz o, we have been able to ereate two jnitidl miaps of the

teesperiiur e dhd the talinny in the lagoon fur the qomputation

Julicnw LEL SURTN a4
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For the boundary conditions. we took the salinity at 2.5 m. for open ocean waters and a
temperature equal to the average surface temperature of the open ocean.

e S=350413 %
« T =284000°C

3.2. Wind conditions

As written in [[[.B.2.5., there 1s no wind measurement available. Even if during the
survey the wind was blowing mainly easterly at an average speed of 15 knots, there are
long periods without wind or with westerly winds. That is why we ran three
simulations:

Simulations 1 2 3
Wind speed (m.s™) 7.72 2.1 0
Wind direction () 90 270
3.3. Spots location
The seaweed cultures are located in five areas of the lagoon as shown below
5. Ribona
L 1. Koinaws
Nuotea™
4. Taburac
2. Manr Raft Mooring
Islet
Bingham
Passage
' Fzgure .Lacm'.r'm of r.-&e ma;'r"cufm:e .rpc-r; h
Spot Northing | Easting Latitude |  Longitude
UTM 59 - WGS 72 Geographical coordinates in WGS84
Ribona 214399.2 709394.0 156.32 172 52.95
Koinawa 211371.9 705689.0 1 54.68 172 50.95
Taburao Raft Mooring | 200866.67 724247.69 | 148.97 173 00.96
Manr Islet 205316.1 711639.5 151.39 172 54.16
Beacon Nuotea 209688.56 700572.79 | 153.77 172 48.20

Table Spots location data
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4. Plots

At first, we compared the computed and measured temperatures in the locations of the
four long-term loggers

Figure 15: Location of the long-term temperature loggers

For the period of simulation, we obtain the following curve

oo BooE e mem oeon [T o oo oa o0
R b 2 T 44 o4 o8 o 4T

Figure 16 Tempermﬁre recorded by the long-term loggers

I'his graph shows that the evolution of the temperature for this period is almost the same
in the four spots. But if we check the entire curve, we can see that the temperature
recorded by the logger 8920 is one degree higher than the other one
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Then. thianks 1o the MIKE 21 Toolbox, we have been dble o extraet tiane 1 savies

deseribing the evolation of the temperature and the salmity in different spots o the
lugoon during the sipiulation.

S, Analvses )

As said above, we aliriined quier good retults in terms of hydrodynamic tuodel=pon.
Far e water quality sunulation: weare more lukewam

Indved, as we can see on the difterent graphs (&7 Graphis (n Annex £). the compuieg
valugs are Very diiferent of the realty. Of course, 1t is impossivle to reproduce exavtly
the reality. but we can afford some explanations about these difterences,

o The lack of dita

The wirface temperiture of the sea depends on miany paraneters. [t s impossible 1o
consider dll of these 1 a moedelisation. However the most influent parameters can be
defined,

# The gir tempersure can be defined bt Just as a constant
\ .J.u It is net po -:.-b!-: to fnput it 88 a'time seae to modelise
tha fluetmations of hetwedn dight and day, Sad no dsta were

-

avatlable for Absang .m:m av.
# The surface heat transfers are very depending on the wind
For this parametér, no data werg avalable to.

w  Noadate ahout the ranfalis and the evapotranspirabion

o Iitial eonditions

The set-up of the initial conditions of temperature and salinity was a very important and
difficult task. The madelisation of temperaturs and salinity circulation is based on the
resofution of a differeniizl eguations system. which is very sensitive 1o iningl
conditiens.

o Floodingand driing

Cartain poinls where the temperature and the sglinity are znmalvsed are close o 2
tloading and drirng area; thes just before being dry (0.2 m.) some-ponis of this area are
remeved from the calcuiation g replaced uh..n the water depth reaches 4 certain value
(1.3 mu ) 11 s the erfect of 1he=h operations that creates the spurious resylts at these
I"l("'lﬂm,.

[{owever, (e results we obtamed, allowed us 10 formulate eonclusion ahoul ihie
cvilution of the temperature and the salinity in the lagoon. Indeed. the graphs avitlable
- Apnexd show. us ibe average values of temperaitireand salinity in the diffrent spets
Bedre miteresiced in

Julien LLELAUREN 55

A rE— e ——— —— — — = e — i




SOPAC Training Report 87

D.  Summary of the main resulss

e Tollowine tables, we can find the man resuits of the simulation and ot the sumvey
CONESHNTL LI'_I.‘?"H.,‘.".'H eod cultivation ¢ ';-*.:..n.j? I.B.3 2. All the resshs can be fowud i
the Abmexges )
e seawesd cultivation spots are: tof O3 5
1. Beacon Nuotey
T Alyprislet
3 Koaihawa
1 Taburao Ruft Moorniy
S Rahom
Temperature Salinity
Data B i 55 S ¢ LA
Spots Yetein | .
I Origin fiey Niay Noran, Niin Aax hMeon
SEW., | 284851 | 303389  29.9845 | 35.05s8 | 39.7130 | 364343 |
! [SW.W.: | 373903 | 30.3506 | 20.1210 | 33.9435 | 37.1820 | 355811 |
| Survey 27.7319 | 285547 | 28.1924 | 35.0218 | 351727 | 35.0510
| SEW 38,5001 | 295300 | 28,9474 | 35.0920 | 359881 | 333124
2 | SWW IR.0432 | 296067 | 29.1233 | 35.0250 | 559557 | 35.2865
[ Survey | 27.9390 | 28.9289 | 28.1976 = 35.0820 | 333762 | 353811
T SEW. | 286036 | 238340 | 28.7130 | 35.1031 | 35.1586 | 35.1225
3 T SW.W. | 287700 | 28.8531 | 28.8250 | 351003 | 351370 | 35,1268
Sumey | 27.7980 | 29.3940 | 28.7741 | 350135 | 353629 353198
SEW. | ;Ej.j“”“ 388195 | 28.6685 | 33,0900 | 352452 | 351192 |
4 | S 383333 | 28.7765 | 28.6624 | 35.0994 | 33.1939 | 35.1374 |
| Suney 28,5000 | 29.2930 | 28.7719 | 35.0179 | 35.2389 | 35.0697 |
| SEW, 185747 | 289974 @ 28.8047 | 356236 | 333206 | 35.1801
3 TSW.W, | JRO413 | 3973433 | 293159 | 351610 | 36.3501 | 35.6687
" Sumev | 278309 | 287809 | 287790 | 33.0358 | F5.3085 | 35,1380

Tahie: Falusy of eompured and measured temperanwres-and salinii

Jodican t L AT JIN 2l
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Speed | Direction
(151 ) 17
Spots ) — |
b £ Aax Mean., | Dwcomingtide | Owtcoming tide
| SEW. | 0 | 0ISSS | 0.0594 | 133 | ‘|
sww. | 01895 | 0.0543 11D | 250
Eurrent |2 SEW 0 | 0338 | 01773 010 f 160
swaw. (13336 | 0.1765 010 | 100
3 SEW. | 0 | 00948 | 00356 330 | it
SWW. T 0 | 0079 [ 0.0348 010 | 180
3 SEW. 0 | 0099 [ 0.0100 030 | 2m
S WA ] 00405 | 0:.0100 - o
5 SEW. |0 01324 0.0368 - | :
bR 1 ] (01.1208 0.0322 | 150 i (20
- T Tuble. Comyrured vilies rgffr_'m'rrur speed and direction
I.  Beacun Nuotea
Fhetaes 0F Buscon Nudtense very shallaw thenwesn 0073 nad <2 and elose o the

barrier reef, The cuments are sirong there; the water is fresh because of the inflow of

water from the open sea. However, at low ude and with no wind, the waters mn this area
can reach high value (=30°C) that can be bad for the cultivation.

M ilie shmilistion, we can notice wi impariant difference of reinperatitre with the realty

hecause of the Floadme and Drving effect. The simulation shows that, in case of
Wwesterty winds, temiperature and salinity are higher than {(or casterlyowinds:

On the map desenbing the circulation in the lagoon (¢f HL8.3:3.) we can remark thit
one of the main Aux follows all the cozstling of the main island 111l this area. In ¢ase of
pollution on the shoréline, thisarea is expesed especially in case of easterly winds,

(Globally, this drea respects the seawesd cultivation criteria.
e b § N

&, Manr Islet

The area of Manr Isle iz located on the western partoof the 1azoon ¢iose the muin

passapesof the bammesteed. The water depth is abeuwt -3 11

The watercirculetion 1s tnportant mith strong eumrents 1w this pan of the lagoon. The
F x g o ¥ .
current isivery hizh,

The simulatton results i torm of temperature and salinity are guiet good s area,
However, we can notice imporant fluciuations of the salinity compare to other areds
The ampornam circulation of woter assures a good qualinv pf water according w.the

Begwesd edltivation cridia
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4 Woinavwa and Taburao Raft Mooring

Theseuroas e locoted close o the mam ssland of the atoll ad present yery sinatlur

pesuiis, Dhesdepthoin these arcas 1= dbout -3 1 .

Thé current speeds are low compared 1o the other areas. The two spots are locatad close
ta the cirenfation Mux following the shorehine of the mam island

[ heresults fh ety of salinity and temperature are very stible

4. Rihona

I'is area is Jocated in the northwest of 1he lagoen. The location is quiet shallow
(Beweaeh <075 amd -3 me)

The measn vatue of the eurrent s verv (oo (ahout 0037 ms ') The siady of the
cireubition i this area shows thit, especialls tor westerly winds; there 18 4 phenvmenon
of recireatation of the watér. It means that globally. the water 16 ©gnant

W ramaik oo e ihé cirelilation Sis Jokowing the shorcline of the ot o

finishes 11s avay nexi to this area. In case of pollution on the shoreline, tlis ares s

chposed us Beucon Nuotea doss,

Conelusions

Thie areas 1 and 2 appear to sausty best all (e emtena neaded for-an arez.un winch to
cieltivaie seaweed, Although Beaeon Mueoros under fucsterly conditions doss sppearito

vave reduced Oushing.

The area adjacent to Ribona it likely to be a sk for polluiens.

Jubien LELAUREN !
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E. Advection-dispersion modelling

Next we run a simulation of a catastrophic scenano of pollution close to the shore of the
main island. The decay of the pollutant is very weak The wind is blowing from the east
at 10 knots.

The following picture shows the crrculation of the pollutant (days 1, 3, 8 and 9).

Figure: Circulation of a pollutant (days 1, 3, 8 and 9)
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7. Software Assessment

This softwate 15 very unfmapd!s for many reasons, oven if the now windows s gision 1
pasier toruse i the Umx ene: The most tncky ones the defimion of the teans: {or

cvample for fhe dite. the sabie specification can be mitmed o or thitee tines
differentiy.

|l cqu:{'tinn CE teft A2 2y as clearly a limitation of the Shallow Wiiter Eguations
i the horizontal velosity varies too much along the vertical the average value will have
po phvsical meaning. For example, a contamunant will have the same velocity i
wavels near the surface er near the boitom. Tt is & property of Jong wave o have o
constant yelocuy along the vertical, For this reason the Shallow Water Equutons are
well sunted for the computanon of {loods, tdes, and sunamis.

In the case of Abaang 11 is aceeprable because even i the maximal depth s 100 me this
area ol the grid is fot very important because over the reek

In et of hydisdynamic madelhng, the issue 15 more a uestion of current number. To
avoid instabiliies. the current number has 1o be as low as possible that 16 o say the grid
spaging Avihe hichest, As a conseguence the best compromise is 4 gridspacing of 400
e bt Abajane his very shon passages and a complex bathametry. At these spots, the

Current spesd for exvample 13 given Toran area of S00.200 m™ 1

Cilobally, this new version of MIKE 21 s more frendly than theold one hut unninished.
We Gon réaret the Jack of dara inptit possibilities in the Witer Quality module.
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V. Recommendations

In order to inprove the aceurcy of the computed Water Quality resulis. a iopg im
srvey, measuring temperatuse, salimiy, dissolved oxygen, puttrents ete. hias w be dore
m Abaiang Atoll. especiatly i the areas of seawead cultures. A data base has to be done
iy e of wind conditions, rantalls, evapotranspiration ere.

A chiwapsatuton could be to iastdl long tem loggersan the ssaweed cultivation fields.
A more expansive solution could he to mstall an st Nutpent Ahalveer whith 15 o

very good tool for the assessment of adal nitpent dynanies,

[t 18 negessaty to antiofpate the required steps of ke modelling hefore gomg in the ficld,

Jatien UL AL RIN ok
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CONCLUSION

A hydrodynamic model has beea setaip through MIKE 21, {ts covering the dren ol

Abatane Atoll'wish a S00-myeters eridspacing. It has been calibrated with thespeed and
the tHrecnon of the current measured at different spets of the lagoon dunng the sunes
amd compraring the computed 1o the measured water level elevation. The corresponding
plots cormelate well with the measurements th the field

l
¥
1
H

A pjor wart of this siady has been also concentrated on the set up of the bathyvmetry of
the model under AutoCAE R14 using the dima of the suney dmw i August 1999 by
[tobiert ymith.

Good results were phtatned for the companson of water elevation. Good resulis were
Alsuvobtaned forvelocity after havine calibeated the mode] with the Eddy viscosity and

after has ing smoashed the water elevaton used for the open boundaries

The Water Quality modelling has heen 2 very difficult task becagse ofthe lack of duti
toccalibrdts the mode)

However, e results we obiained in termm of water guality, allowsd us to formulate’ some
conclusion: reganding: the evolution of the temperature and the salinity 1n the areas af
seaweed culiwation

Theemerical model descrilvad inthussieds sstherefol an srlan toal woebtam an

cverview of the insianlancous currents.

The next 1ask 1s 3o collect water quality data (emperatire. salinity, dissolved oxyveen,

BOD...) 10 cempiete the calibration of the model and to includs the topagraphy within

the mode! 1o ass=ss the Impact of tsunami:

Being in charge of tus kyvdrodimamic pan this project was such 2 greai pieasure, Tt
2 kgL K

included many domusin of coastal enginesrne, and allow ed me to increfss my

kanowiledes inthis doman.
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ANNEXES

Annes 1:
L

N = o PR |
Hepublicof Rirthah - Abatang Atol]

Annex 1:
SOPAC Supvey In Alpane Atell - Neasaremients
fraamber KIGI00)

Annex 3
MIKRE 21 Saflvwary

Annexy 4

Blats

Annex 3:

Retergnces
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Annex 1

Republic of Kiribati - Abaiang

o Cieneral tnformiation:

;I ONGITUDE
TATITUDE
LAND AREA

GCEAN AREA

PIHNSICAL FEATURES

16903 E 1
150.14" 58 _ |
d43N |
11.288 !
726 km”

3,550,000 km”

comprises. 33 Pacific coral islands: the Kinbau (Gilbert),
Rawaki (Phoemx ). Banaba (Ocean Island), and three of the Line
lslands includine Kinttmat] (Christmas [slandh, slind sroups

crossed by Eguator and Intemational Date Line

CAPITALCITY
FPOPLLATION

INDEPENDENCE DAY

TARAWA

(el 00 € ]9%0)

July 12th, 1479

POLITICAL POSITION

Independent couniry (republican)

POLITICAL SYSTEM

1 iberal democracy

ALAIN LANGUAGE

Kirbati, Englich |

CURRENCY

[ :
Australian § |

CHIEF INDUSTRIES

| - - o
A erculture (Copra). fishen I

GNP

52,000,000 LSS (1992)

GNP per Person

700 USS (1992)

TRADE REVENLE
Eaport

AND

S 400,000 Zustralizn S92

EXPENDITURE Import

Py, -
I

3730 Agstralian 51 1985)

MAJOR TRADE PARTNER

FC. Australia, Rpublic of Fijl. Tupan,
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Annex 2:

Atoll - Measurements
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sample location — CTD samples
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Annex 4:
Plots

o ANater dlevation £ Tides: Comparison between stnulation and medsurimont

¢ Current: Comparison between simutation and measdretsent 4t the guetent et

location spols
e Temperature: Comparison between simulated data and long-tenn leggers data

o Temperature and Salimity: Comparison between simulated values ut the seowee
ctltpvation spots for different wind directions
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WATER CIRCULATION FOR WESTERLY WIND OF 5 KNOTS
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WATER CIRCULATION FOR EASTERLY WIND OF 10 KNOTS
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