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1.Introduction

Amount of spilled oil in the Persian %‘ti +Y IV W % + fU
Gulf (Jan.25, 18981} was estimated as 3-4 T (3)
million barrels by King Fahd University of R U [K ﬂ]+y
- Petroleum and Minerals., Along the coast of s By 3z "oz ’
the Persian Gulf, there are many habitats of
mangrove, coral reef and other wild life. pw=- 2% (4)
Spilled oll wultimately becomes tar balls
which will be drifted by the Gulf circula- where f)o the reference density, the in situ
tion. Therefore it is important to under- density, g the gravitatlonal acceleration, P
stand the circulation pattern in the Gulf in the pressure, KH the vertical eddy diffusivi-
order to predict the damage to marine ecosys- ty of turbulent momentum mixing, f the lati-
tem for long time of period. The location of tudinal variatlion of the Coriclis parameter.
0il spill was off-coast of Kuwalt and estuary The pressure can be obtained by vertically
of Tigris-Euphrates river, vwhere density integrating eq (4) from z to the free
current due to fresh and saline water was surface 7 .
predominant. Three dimenslonal model lnclud-

ing density, tidal and wind driven currents P (X y.z2. t)=P  +@gpr+eglilno(x,y,z .t)dz (B)
is essential in order to predict the behavior
of spilled oil. The tonservation equatlons of temperature and

salinity are written as
2.Numerical model

The circulation model used in this :_: tY a8t wW % = % [Kn %}* Fa  (8)
investigation 1s the three-dimensional model
developed by Blumberg and Mellor (1883,
1987), Blumberg and Herring (1987}, using & Boay vsew B 2 [x_ g]», F,o(T)
system of general orthogonal curvilinear
coardinates. The governing equations are The equation of state is as follow,
simplified according to the hydrostatic
&ssumption and the Boussinesq density approx- e = p(8,s) (8)
imatlion.

The free surface i{s located at z= At the sea surface, the boundary
{x,¥,t) and the bottom 1s at =z=-H(x,¥y). 7 econditions for surface shear, surface heat
The continuity equation ts flux and salinity flux are given. In partic-

ular surface heat flux is function of solar
LA %‘} =0 (1) radiation, wind velocity, relative humldity,
cloud ocover, alr temperature and surface
The momentum equations are water temperature. Inflowing boundary condi-
au au tions are given as prescribed temperature and
Fe TYVUW oo -V salinity and outflow boundary conditions are
(2} given as

=_;1.~ %+:—z [K, %%:I+F‘ s - s

3¢ (881 +U, 2= (8,8)=0" (9)

At the open boundary forcing due to tidal
excitation is given.
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Since the ordinary x,y,2 c¢oordinate
system has dlfficulty simulating with surface
and bottom layers in regions of irregulari-
ties, it 15 advantageous to introduce a new
set of independent varlables that transform
both the surface and bottom into coordinate
surfaces (Phillips, 1957). If (x,y,2,t) are
Cartesian coordinates, & transformation to
(x*.y*,0,t)=(x,y, (2-7])/D,t)
is made where D=H+); 1s the total depth and
is the sea surface elevation. A depth-con-
forming vertical coordinate allows for
equal vertical grid points,
the local depth may be.

the "g" system,

(o}
no matter what
This vertical reso-
lution is sufficient to resolve surface wind-
mixed and bottom tidal-mixed boundary layers
over the entire domain and at the same time
provide sufficient resolution In the interme-
diate water column.

The model responds to surface wind
stress, salinity flux and to the specifica-
tion of tidal forcing and freshwater dis-
charge.

3.5imulation Result

In order to understand the ecircula-
tion pattern at the time of oil spill (Janu-
ary 25, 1991), the simulation was conducted
60 days starting from Jan. 1, 1991,

Grid size 10km and
raesolution grid
(Fig.1}.

was vertical

10 polints

was vertical

Harmonie Canstanta obtained from
Hydrogriphy Deparimant, Maritimae Salaty Agencie:

Fig.1 Mecdel segmentation of Persian Gulf
and stations where harmonic con-
stants are available.

Initial distributions of temperature and
salinity were obtained from Salling Direc-
tion, Pub.170. Tidal forecing was given at

Holmes atrait and harmonic constants used in
this analysis were obtained at Bandar Abbas
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and Little Quoin Island. Fresh water dis-
charge from Tigris-Euphrates river was esti-
mated by Public Works Research Instityute from
World Water Balance and Water Resource of the
Earth (UNESCO, 1978) (Fig.2). Wind velocity
was 6m+s"l of NW direction between Féb.l-
Feb,.10 and 6m-s~! of SE direction between
Feb.11-Feb.20, based on data measured at
Khafji for 25 years (Fig.3) and meteorologi-

cal data obtained at MEPA, Saudi Arabia
(1991). '°‘E
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Fig.2 Estimated values of monthly averaged
freshwater discharge from Shatt Al
Arab at mouth (by Publie Works
Research Institute).
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Fig.3 Long-term averaged (1965-1988) wind

velocity and direction obtained at
Khatji.



Predicted surface elevation changes
showed excellent agresment with observed data
at tidal stations along the coast of Gulf
(for example, Fig.4). When NW wind of ém-s™l
strong surface

was Iimposed, current was

simulated from estuary of Tigris-Euphrates
river toward the coast of Kuweit (Fig.$).

$T.NO= 13 JAZ(RAT HALUL-FROM 183).1.1
Fig.4 Comparisons of tidal elevation
batween observed and predlicted

values from 1991, 1.1.-1881, 2.20.
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Fig.5 Distribution of horizontal residual

currents at surfsece layer in 1991,
2.10.

This current was clearly observed from US
Alrforce airplane when the author Jolined the
first observational flight after Gulf war
organized by US coast guard and NOAA from
Dharan to Kuwalt and Irag. ©On the otherhand
bottom current was simulated from the coast
of Ruwalt toward Iraq and Iran (Fig.6). When
SE wind of 6m's™! was imposed between
Feb.11-Feb.20, strong inshore currents were
created along the coest of Saudi Arabia and
this current drifted spilled oil into the

shoreline of Saudi Arabla, especially in Abu
All Island (Fig.7). 1In order to understand
the mass flux exchange between Perslan Gulf
and Indian Sea the computation domain was en-
larged to include some part of Indian Sea and
same simulation was conducted for 60 days
starting from Jan. 1, 1991. B8ince the volume
of Pergian Gulf 1is large comparing with
inflows from river and Indian Sea, the compu-
tation did not reach to quasi-steady state,
yet. However, even the system 1s in tran-
condition, the averaged evaporative
mass flux and net flux between Persian Gulf
and Indian Sea were estimated. Cross sec-
tional flux distribution near Hormz strait
{Indian Sea side) showed that inflow from
Indian Sea into Persian Gulf existed in the
surface layer and outflow into Indian Sea
from Persian Gulf exiasted in the lower layer
{Fig.8). During the simulation period, inflow
from Tigris-Euphrates river was
1.7x108 mslday, however, the evaporative mass
flux was about 10x10%8 m3/day, which was &
times larger than river inflow. Net loss
between evaporative mass and river inflow
should be supplemented by inflow from Indian
Sea.
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Fig.8

Vertical distribution of residual U
currents at J=88 in 1691, 2.10.
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Fig.7 Distribution of horizontal residual
currents at surface layer in 1991,
2.10.




x10°m¥s

Fig.8 Mass flux distribution between

Persian Gulf and Indian Sea at cross
section near Holmz strait.

However at 60th day, the net flux
scross the cross section was about -9.8x108
malday. which indicated ocutflow from Persian
Gulf was larger(Fig.9). Probably this result
was obtained due to the error in initial
salinity distribution. The simulation of
longer time period should improve the net
flux across the cross section.
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Fig.9 Mass balance in Persian Gulf.
2\ 1 Mass loss due to evaporation
: Mass inflow from Tigris-Buphrates
river
@ : Mass exchange between Persian
Gulf and Indlan Sea
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