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Chapter D Countermeasures against Prevention of Qil Contamination and
. Their Evaluation

5,1 Numerical Calculatlon on 0il Dispersion

A detection system- of 011 spllls (an 0il contamination monltoxlng system)
and a prevent1ve system of spilled oil can be taken up as practical mea-
sures for- the ‘prevention of oil contamination. To select monitoring
points; - the flow routes and the arrival time of spilled oil flowing from
the spilled out point to the 0il preventive system and to the sea water
intake facilities of Umm Al Nar Station must be fully grasped since a
monitors need to be set up at points which will allow the plant super-
1ntendents to have enough time to take emergency action. :

Therefore, in order to predict the flow routes and the arrival time of
spilled oil, current conditions around the Abu Dhabi Island should be
estzmated by way of numerical calculations. Based on these calculations
on current conditions, movement of the oil is traced using Lagrangian
particle instead of the oil itself.

The-pfogram of-numerical calculation is shown in Fig. 5.1.1
(1) Object.

The object of this sectien is to obtain the basic data necessary for the
seléction  .of the monitoring points and of the construction locations of
oil. ' :

As for the examination of the oil contamination monitoring system and the
01l preventlve system, ‘it is important .to obtain information about the
youtes and the arrival times of the spilled oil. The condition of the
currents around the area of the Abu Dhabi Island and around the intake
facilities ~of Umm Al Nar Station is the predominant factor in the wmove-
ment of the oil.

1herefore, in th1s section, current conditions will be examined from the
results  of site. surveys and: prediction . models will be selected so as to
reproducé  the current conditions of the qubJect area, thus enabling the
current condltzons to he pred1cted

(2) Current Cond1t1one of Subject Sea Area

The most 1mportant item regard;ng the routes and arrlval times of inflow-
ing oil is to grasp the current conditions of the subject sea area fully,
and to reproduce the current features of the sea area,

The-foliowlng-;s:the summary'of survey results.
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1) Comﬁonéht-of-Tidal‘Current

A tidal current caused by an up-down motion of tide is predominant among
currents inside the lagoon. Its current speed and current direction vary
constantly from one time to another. The variations of the current around
this area will be examined at Site 8 located on Baghal Chamnel at a
strong- current- Q1te

The current is a compos1te t1da1 current consists of 4 tidal components
Tide M, and Tide S, having about a 12 hour period, and Tide K, and Tide
0, having about a 24 hour period. The above 4 tidal components are called
the principal four tidal components and most of the tidal current condi-
tiens in subject sea area can be reproduced by them. The fluctuations of
the four tidal componentc; are as shown in Fig. 5.1.2 in comparison with
the: observed data

According'to'thls flgure, (M. +'5,) shows a composite current of tides M,
and ., (K, + 0,) shows composite current of tides K, and 0,, and (K, ~+
0, + M, +S;) shows a composite current of the principal 4 tidal compo-
nents. . Each- c0m9081te current varies for 15 days per one period. The
lowest figure is from raw data observed at the actual site, which indi-
cates that the compOSztlon ‘of ‘the 4 principal tidal components reproduces
an observed value well. However, (M; + S;) for a 12 hour period is ‘also
enough to reproduce the rate of a current velocity.
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Site 9
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Due to the above reasons, 1n order to reproduce the tidal current of. the
subject sea area, it is appropriate.to consider the four principal tidal
components: Tide M,, Tide Sa, Tide‘_K_l and Tide 0,. S :

9) Constant Flow of Ocean Current afound Abu Dhébi Island

In this survey, a long term scaled constant flow, which is considered - as
a term average current, was hardly observed. However, “outside the
offshore area at Site 15, a SW current of about 5 cm/s was: constantly
flowing during October 10 to 14, 1988 and February 18 to 22, 1989,  and
the existence of a constant flow at the offshore area was recognized

according to the analysis.

From the results of site observations, at offshore Site 15, a south-west
current at about 5 cm/s was constantly flowing during_OctoberﬂlO to 14,
1988 and February 18 to 22, 1989, and the existence of a constant flow in
Arabian Gulf was observed. . :

3) Constant Flow in the Lagooh

As the result of the 25 hour moving average of the raw data -to find a
constant flow for a shorter time than tlie term average current, a current
of 5 to 10 cm/s flowing in the same direction for several days was recog-
nized. Considering the wind at the time, the varying conditions  of  the

vind and of the current were both quite similar,: which indicates that the
constant flow for several days in the lagoon was caused by the wind.

(3) Abstract of Causal Elements of Current

As mentioned above, the current of the_Subject sea area is consideréd ‘a
composite current of a very prominent'”tidalﬁcurrent”,”a-current.by wind”
and “a constant flow at the offshore area”. '

In this part, causalities of these 3 elements shall be.examined..

1} Tidal Current

Tidal currents are caused by the risg/fall_of tides'anording }tof-time,
whereby the variation period of the.current corresponds to ‘the ~variation

period of the tide. Table 5.1.1. shows the rate of tides at the site of
Mina Zayved in the subject area.

2} Current due to Wind (Drift.Current)
¥hen wind blows, a tangential stress by the wind gets Qh}thefSéa Sﬁffﬁcé,
and its stress affects the current. Especially in the closed bay; a -cir-

culating current occurs due to the constant blows of,. seasonal  wind. or
land and sea breezes, indicating a complicated current. ..~ ;
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- Table 5.1.1: Harmonic Constants of Tide at Mina Zayed

Tidal Component o Period | Amplitude | Lag
1 (h) (cm) (o)

Tide M, (Principal Lunar
Semi -Diurnal Tide) 12.45]  40.53 26.8
Tide S; (Principal Solar .
Semi-Diurnal Tide) 12.00 15.42 83.8
Tide K, (Luni-Solar
Diurnal Flde) 23.93 25.64 170.9
Tide:O1 (Prxnc1pal Lunar

_ Dlurnal Tlde) 25.82 20 05 : 111;8

AnalyS1s Period: February 1987 - December 1987
Analysis Method: Harmonic analysis by the minimum
' squared method

To see theicenditians of the wind and current in the subject area, Fig.
51.3 shoWs-_currént velocity except tidal currents (25 hour moving
average value) and wind vectors at Site 19 and Site 23.

The figure . indicates that the varying conditions of the two are quite
similar and that current due to wind exists. However, a changing ratio
from W1nd to current (coefficient of ‘wind force) and the direction of the
current’ are: flexxble according to the surrounding topography or the depth
of water in the area, so that they show complicated conditions.

3) Constant-Flow at'OffshOre-of Abu Dhabi Island

The current due to wind (drlft current) 1nd1cated in (2) is also one of
the 'constant flows However, in this sectiom, ”a constant flow at the
foshore area” is defined as a constant flow caused by an ocean current
in the. offshore of the Abu Dhabi Island, and shall be separately used
from a ”dxlft current“

Deta11ed 1nf01mat10n on the .ocean . current of Arablan Gulf are not avail-
able,’ However, according’ to ‘the navigation gu1de on the channels of Ara-
bian Guif publlshed by the Maritime Safety Agency, Japan, its ocean cur-

rent ‘clearly flows into the Arabian Gulf, changing to the prevailing
westerly current through the Hormuz Channel during most months of the
vear. In the of fshore - of the Abu Dhabi Island, a fair current or a
counter - current of the prevailing westerly current is said to exist.
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Fig. 5.1.3: Comparison between Current:(25 Hour Mo%iﬁg Aﬁerage Cufrént)

and Wind (Surveyed in October, 1988)

During the survey period of that time, October 14 to 20, 1988, the”‘EXjS-

tence of a S¥ current of about 5 cm/s was recognized-as shown “in . Figs.
5.1.4 and 5.1.5. Even though the existence of "corstant flow” was recog-

nized, it is hard to define it as a separate currént from the above ' men-
tioned ocean current. - L R
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“Fig. 5.1.5: 25 Hour Moving Average Current at Site 15
. (Surveyed in February, 1989)

(4) PrgdiCted-Modelldf Current Conditions

Ag menticned above,’ the current of the subject sea area has largely three
big elements, and causal outer stresses are guessed to be "a tide-gene-
rating force”, "a tangential stress by wind” and “a branch of ocean cur-
fént outside the lagoon”.- A current with such different causal outer
Stresses has to be .predicted in reproducing current conditions.
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Though the causalities of the currents are different, the phencmena - are
the same, in terms of a dynamics problem to solve the motional equations
of Navier-Stokes with conditions such as pressure on sea water, . friction
on the sea bottom and on the sea surface, and the effect of the topogra-

phy.
The motion formula of Navier-Stokes and continual equations are shown
below. : S

Equation
¥here,
u, Vi Average current velocity of x, ¥ directions respectively
z: Yater level ' ) o
h: Depth of water .
f: Coriolis coefficient (= 2 V sin¢)
w; Rotation speed of the earth
@ - Latitude
Pw ! Density of sea water
x, 7y: Friction stress at sea bottom
rx, ty: Share stress at sea surface
Ay Viscosity coefficient of horizontal vortex
[°§ Gravitational Acceleration

The friction stress at the sea bottom and the share stress at the surface
are respectively: : .

Equation

Where,

Wx: Wind velocity over sea surface
Ca: Resistance coefficient at sea surface
pa: Density of air :
C: Roughness coefficient of Chezy (=pn-1 hi/6)
n: Roughness coefficient of Manning
k: Proportional coefficient '
{(5) Prediction Cases

Prediction will be carried out on cases as shown in-Table'S;l.Z.
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Table 5.1.2: Prediction Case

e m'——_lﬁm‘m“‘dmﬁww’ -

Item Content . : Remarks
A-1 Tidal Current | Max. spring tide period Note 1
| M + S, + K, + 0)
A-2 Ave. spring tide period (M, + S,)
A-3 Middle tide period (M)
A-4 Neap tide period (M?;- S.)
B-1 Constant Flow Séuthfwest.curren; 5 cm/s ; Note 2
C-1 Drift Current _Wxnd direction N, velocity 5 m/s Note 3
C-2 ' : Wind direction NW, velocity 5 m/s

LF¢3 ' ‘ W;nd direction S, velocity 5 m/s
D1 |lIntake vol.. at power st. 126.4 m¥/s Note 4
E-1 Discharged vol. at power st. 123.3 m/s

L _ _

(Note}l)

As the tidal current is a composite current of each tidal component as
mentioned above, periodic conditions of the tidal current of the subject
sea area vary in a 15 day period. In this section, due to the reasons
below, some tldal perxods were proposed and predicted in 15 days.

<Max1mum sprlng t1de per10d>

This t1de 1s A CGmDOSLte tlde ‘composed of the principal four tidal com-
ponents, and it has the fastest current velocity. Therefore, the oil
slick movement ~didtance ‘can vary the most, and it can be an important
factor in: selectlng monltorlng points in a remote area.

<Avenage_spr1ng-t1de;per10d>

This ' tide has the fastest velocity period in the semi-diurnal tide. The
maximum movement distance of an oil slick, or fluctuation in movement
_time can be-establiShed”whenidiurnal'inequality does not occur.

< M1dd1e t;de per10d>

Thls txde is called an average tide, and shows an average flowing field

in this sea area. It targets an average period while the other three
cases are for a special period. '
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{Neap tide period>

It has the slowest current velocity for 15 days. As.the current velocity
is slow, the velocity of sea water intake and brine discharge exceeds.the
the velocity of the tidal current around the intake, and those artificial
loads clearly affect the current, -

(Note 2)

As mentioned previously, from the result of the field survey, at Site 15,
a south-west current is observable around the constant flow of ocean cur-
rents in the offshore area, and its velocity is about 5 cm/s. Therefore,
its current is reproduced here, ' -

{(Note 3)

It is very important to consider the current due to wind, when consider-
ing the floating oil which spreads mostly near the sea surface. Also, in
this sea area the current due to the wind was observed from the result of
the field survey. .

Therefore, the drift current, a current due to wind, is to be predicted.
As for the setting of a wind direction and a wind velocity, the prevaii-
ing winds, obtained from the observation results at Abu Dhabi Interna-
tional Airport and Bateen Airport, were referred to Fig. 5.1.6. Moreover,
fhe wind direction assumed to affect the floating of cil was established
by considering topographical features of the subject sea area.

| 6t —a3 at=1g -n __1

qu=te = CHed

Fig. 5.1.6: Wind Rose at Abu Dhabi International.ﬁirbort (1984)
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(Note 4)

The above three currents are caused by natural external forces.  Besides
them, there is another large-scale intake and discharge of water into the
subject sea area. Since the current flow is presumed to draw along - the
0il spill, the flow'is also predicted.

Dengn quant1t1es of each eea water intake and brlne discharge facility
are shown below ’

bea Water Intake Quantlty Bfine.Diéchérge Quantity

Intake No.1 220,000 mi/h  Dischargeé No.1 143,000 m¥/h
Intake No. 2 180, 000 n¥/h - Discharge No.2 178, 000 nr/h
Intake No.3: 55,000 m*/h ~ Discharge No.3 ' 72, 000 /h
TR P  Discharge No. 4 51,000 m?/h
Total - 455,000 mi’/h Total 444,000 mé/h
SO 2 126.4 mi/s - ~ 123.3 mi/s

(6) Subject1ve Range of Pred1ct1on

A subJectlve range of pred1ct10n 1s as shown in Fig. 5.1.7 considering
the cuxrent cond1t10ns and the t0pography of the subject sea area. The
range lS as follows .

* Dlrect1en to coast (north east, south west) L22.8 km

# Dlrectlon to offsh01e (no:th west SOuth east) .26.6 km

Also, the area was d1v1ded lnto squares of 200 m each

(7). Predlctlon Cond1t10ns-
1) Open BOundary Condltlon o

At he open boundaxy where the reglons calculated ad301n the sea, the
f0110w1ng cond1t1ons were ngen

(a) Predlction of T;dal Current

A tldal var1at10n 1s glven w1th the f0110w1ng cosine function at the open
boundary - :

_§b-—hb2 cos{amt——(xz—*xna)%-Ptm1 cos{un t— (xr— xmi)}

Where,'
vt Tide Ievel at the open boundary {(m)
Accompanying number: 2; Semi-diurnal tide,
e T o l;_Diurnal tide
hy: Harmonic constant -showing tidal amplitude (m)
X Harmonic_constant.showing tidal delay angle ()
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2) Closed Boundary Condition

The f0110w1ng is ngen considering that there is no flow through harbor
structureb auch as land oy breakwaters

—Qﬁgcﬁb 8PJ .
an an
Where,

M, N: Flow rate of x, y directions respectively
on: Normal dlrect1on of its current velocity. direction

3) Natural Cond1t1on.

The coastal topography and depth of the water were established with the
follow1ng mater1als ‘

% Marine Chart. No 3170 publlshed by Hydrograph1c Office, Maritime Safety
Agency, Japan

# Marine Chart No. 3752, 3713 of WED

% ‘Aerial photographs of WED

4) Calcﬁlating Coefficients

(a) V1sc051ty Coeff1c1ent of Horlzantal Vortex (}&x, Ay)

The viscosity coeff1c1ent of the horizontal vortex indicates the scatter
of momentum accompanying the turbulent motion of sea water. Its value is
‘not clear though it is generally said to be 10¢ to 107 c* /s. Therefore,

in this item, the diffusion coefficient obtained from the flow observa-
tion result is referred to in the calculatlon

The dlffusxon coefflcaents of the subject sea area are as shown in Figs,
5.1.8 and 5.1.9 and their values are 1 x 104 to 5 x 10° co® /s. S0, an
isotropy of Ax = Ay = 5 x 10¢ o /s is given in this item. '

(b) Coriolis Coefficient (f)

Coriolis. force is caused by the rotation of the earth, and is expressed
as follows.

f=  2wsing = 6.020 x10-5 s~
Whére, :
Sl ﬁhgle velocity of the rotation of the earth

(= 2 /(24 x 3600))
KX North latitude of the applled area (= 24° 27}
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w: Angle velocity of tide /h)
w2 = 30.0
w1 = 15,0 '
xm: Delay angle of time dt standard port )y -
In this, Mina Zayed is set up as a standard p01nt

t: Time (h)
For detexm1n1ng the harmonic constants, hy and %, the tidal Hharmonic
constants of the observed tide levels were referred to, and the'following

was proposed from the results of the trial and error teqtlng of the con-
formity of the current

An offshore boundary was searched for at the I1near 1ntexpolat10n between
the SW b0undaxy and the NE boundary. :

{b) Calculation of Constant Flow

A water level difference is given so as to have the postulated-'ﬁeiocity
(5 em/s) at the offshore located 5 km out from Mina Zayed.

(¢) Calculation of Drift Current

A wind velocity of 5 m/s is glven as the establx%hed 'Wlnd dlrect10nq
(N, N¥ and 5). . ‘

An open boundary at this time is a free boundary.

Table 5.1.3 Condition of Open Boundary

Cas;ﬁ%;;éai Pe;;od 'Boundary at South~*¢st 'Boﬁﬁdary'a£ Ndfth-East.
o | ox @ | hy | k(0
Al i Max. Spring Tiﬁe hy,, 0.64 _g‘ 24:;— o “ﬁg; 0;64 f”-':;ﬁ 29. 5‘
Tide hue 0.45 [ 1415 | hiy 0,45 © | s 1515
" A2 | Ave. Spring Tide| 0.64 | 245 1T 0.64 | 29.5
| A3 | Middle Tide o 24.5 o1 -.1”29;5
A4 | Neap Tide 015 | 245 | 015 | 20
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() Friction:Coefficient of Sea Bottom (§)

The friction of the sea bottom is a horizontal force acting on the sea
bot tom. ‘In. a numerical prediction, the friction of the sea bottom is
treated” as the proportion of an absolute dimension of horizontal direc-
tion to  a component of current velocity, on the other hand, .a single
stratum of ocean .is for a long period wave. The proportion constant is
the friction coefficient of the sea bottom. This is defined as below

yi=g/c?

¥here,

g Gfavity‘acCéiérétién'( 9.8 m/sﬁy

¢: Roughness coeffxcxent of Chezy

¢ = -l xhire.- ;

n: Roughness coeff1c1ent of Mann1ng(* 0.026 m-1/3 g 1)
h Depth of Water (m)

(1) Cbéff1c1ent Involv1ng Friction of Sea Surface

<Res1stanca Loefflc1ent of the sea surface *DCP = 0. 0026
<Proportional constant *! : k = 0:25
<A11_deg31ty *2? 4 e2s = 3.0012 g/cm®

Note: * Fhe Port and Harbor Research Institute, Ministry of Transport:
Numerical Simulation of Storm Surges by Alternating Direction
Implicit Method:

‘Thchnical Note of the Port and Hatbor Research Institute, No.
529 Sept. 1985

' *eak Tokyo Astronomlcal Observatory: Chronologxcal Table of Science,
1988
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(8) Confotmlty Examination of Predicted Value and Actual Value
1) Predlctxon of T1da1 Curlent

As shown in Flg 5. 1 10, a tidal current observation was carried out at 8
_sites altogether. Using these results, a tidal current ellipse were exa-
‘mined by the harmonic constant of tidal current and a tidal current hodo-
graph of the predicted value.

»The inspection of current direction”, can be obtained from the direction
of the main ‘axis of the tidal current ellipse, “the inspection of a
current rate” from the current velocity of its main axis, and “the ins-
pection of the time fluctuation of a current” from the tidal time,
through examination. -

The compariéonlbetueen the'tidal current eIlibSe of the actual values and
the tidal hodograph of the actual values, at the perlod of average spring
tide are shown in F1gs 5.1. 11 and 5.1.12.

Moreover " the . comparlsons between the main axis directions and the value
of current ve1001ty of each Slte is shown in Table 5.1.4.

Fhese reSults 1nd1cate that - the pred1cted values of the current dlrectlon
and the current ve10c1ty at Site 23, out of eight sites, do not accord to
the actual values Presumably. the site is in a narrow channel and the 200
m of the square of pred1ct10n was not enough {o reproduce the topography.
As for the" other seven sites, - the predicted values generally  accord to
the ' obseérved ones. And the couformity of the prediction model to the
subject sea_‘area and the appropriateness of prediction conditions was
confirmed. : - o

2) Prediction of ConStant Flow

A reproduct;on of the proposed "S¥ current, 5 cm/s at a 5 km point off
the shore of Mina Zayed” will be shown with regards to the component of a
constant flow offshore of the Abu Dhab1 Island.

As for the current veloc1ty at the 5 km p01nt off from Mina Zaved, the
current veloc;ty proposed at ”5.2 cm/s”, and “current direction 225
degrees” were obtained, and the approprlatenees of the prediction condi-
txons was conf11med

3) Predxctlon of Drlft Current

As for the predxctlon of a drift current, the examination of the confor-
ity between_the,aetual value and the predicted value was not fully car-
ried out since the wind condition at the observed time did not accord to
the assumed wind in the prediction. However, the result of the drift
current prediction model and its condition were guessed appropriately,

szglng f:om the fact that the conformlty at other sites was fully check-
e _
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: Max. Spring 'Ave.Spriﬁg Middle Neap
Item Tide - - [ Tide Tide Tide

M Ax CVel [ M Ax CVel | M Ax CVel| M ax CVel

1lAct. | 72 6] 65 51 60 31 60 1
70 71 54 5| 44 3| 44 1

Pred 85 4 85 4 85 3| 83 2

71 Act. 284 58| 285 33| 286 23| 286 12
- 285 44 | 284 281 286 = 20| 286 12

Pred| 288 60| 203 37| 203 28| 206 15

olact. | 288 89| 287 51| 287 35| 287 18
| 284 '802) 284 54| 282 35| 282 14

Pred| 288 89| 284 50| 284 39| 283 21

15 | Act. 10 29) 349 - 131346 9| 346 5
- 11 30| 347 14| 357 9| 357 3

Pred (. 0 30| 359 17| 2 12{ 2 5

19 Act. | 308 86| 308 46| 308 32| 308 18
| 310 72| 311 46| 311 31) 311 15

Pred| 312 88| 304 48| 310 39| 310 23

20 | Act. | 209 58| 295 45| 296 30| 296 16
297 58| 296 39 292  33( 202 18

Pred| 299 3! 297 26| 297  20{ 297 12

21l Act. | 62 281 62 17| 83 12{ 63 6
: 67 24{ 67 16| 67 11| 67 6

CfPred| 36 34| 16 14| 15 11| 10 6

23| Act. | 358 991 356 . 531 357 38| 357 22
|| 38 es| 357 62| 355 a8 357 18

Pred| 43 52| 41 36| 42 29| 42 17

Remarks: CVel: Current Velocity (cm/s)
- M Ax: Main Axis (degrees) '
Act.: Actual Value
iPred: Predicted Value
“‘Note: Upper . of ‘Actual Yalue is done in October 1988.
ce Lower:of Actual Value is done in February 1989.

Table 5.1.4 Comparison between Predicted Value and Actual Value
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Table 5.1.5: Figgre Number List of Predictiqn Result

Prediction Item around Abu Dhabi'Island:._

Tidal Current | Max, Spring Tide Period Figs. 5.1(141 5.1.18
Ave. Spring Tide Period | Figs. 5.1.16, 5.1.17

.1,18, 5.1.19

[«p

Middle Tide - | Figs.

Neap Tide Figs. 5.1.20, 5.1.21

Constant Flow (Ocean thfent) | Fig. 5.1.22

Drift Current | Wind Direction N © g 5.1.23
¥ind Direction NW - | Fig. 5.1.24
¥ind Direction S Fig. 5.1.25

5.1.1 Current Conditions around Abu Dhabi Island
(1) Calculation Result

The result of current conditions around the_Abu Dhabi Island is shown
in Table 5.1.5. : . o

{(2) Summary of Current Condition

The prediction was carried out on each component of ”tidal current com-
ponent”, “constant flow (ocean current) component”, “drift current”, and
”intake and discharge water”, which predominate over the current <condi-
tions of the subject sea area. The result is as follows: '

1) Component of Tidal Current
{a) Rate of Current Velocity

The fastest current velocity at the entrance of the lagoon is about 1 to
1.5 m/s at the maximum spring tide and about ‘1 m/s at the average spring
tide. This is presumably due to the fact that that area is the place
where the entrance and exit of the water mass to the vast . lagoon area
occurs. An outline value concerning the current velocity will be calcu-
lated. L - :
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q, the outflow and inflow of sea water at a certain cross -section, as
being equal to S x dh/dt, a variation of water capacity in the cross
section, is expressed by the following formula:

Y | SN T T 7.
Q= S><Idt _SX T mm,r

Where,

E:'Tlde level

T: 11da1”amp11tude

h: Water level I
S:-Water surface area in cross section

Also, :

:1: 1 fm (Average spxing tidal pellOd) :
--12 x 3,600 = 43, 200 s (12 hours period is app11ed)

3 14 ,
:-60-80 x 106 nt ' Co
(Though being the water surface area, it is an
‘outlined value since. the affected waters through ‘the -
entrance are not clear. )

PP _;w.

Therefore, the volume at the fastest current'velocity heconmes;
Q-4, 800 - 6, 400 nf'/s

Also,. - the sect1ona1 area of the bay entrance being about 5,500 m* the
outlined cur;ent ve1061ty at the maximum becomes:

(4 800 : 6 400) / 0,000 = 0. 87 - 1.16 m/s

In such ‘cases the predlcted value generally accords . with the current
velocity -outilne,; and the current velocity at the bay entrance of the
lagoon is assumed to be caused by the alternatlng current volume of sea
water 1n the lagoon

(b} Flow Condltlons of Sea Water

Presumably there are. two ‘openings for the flow of séa water’ to the sub-
ject area from the.open sea, that is, Mina Zayed and Khalidiva (about 12
“km SE of Mina'Zéyed)"The outline of routes and flows of sea water is as
shown in F1g 5.1, 13, though they change according to the tide periods.

Summarles of observatlon results of current conditions around the Abu
Dhab1 Islands are as’ follows.

— 315 —



% The sea water flowing from Khalidiya goes up mostly around the S-most
end of the Abu Dhabi Island, ' : . .

x The sea water flowing from Mina'Zayed is divided intd one'sfream goiﬁg
up SE through Baghal Channel, and the other going up through the chan-
nel at the north side of_Ashuum-Samiiyah-Abu Dhabi Isltand,

2) Component of Constant Flow

The SE current was assumed to be the constant flow of ocean éurreﬁts' in
of fshore of the Abu Dhabi Island. However, the component of this constant
flow hardly affects the current in the lagoon. ' -

3) Component of Drift Current

As for the drift current by constant wind blow, three wind directions (N,
N¥ and S) were predicted. Reflecting the complexity of the topography of
the subject area, a topographical whirlpool has developed very much..

Besides that, as is the general trend, the current direction ~bhecomes a
fair current towards the wind direction in deep sea water, and its ' coun-
tercurrent occurs in shallow water. A horizontal circulation current is
stressed since the prediction.was based on a single stratum model. -

Offshore Current

Fig. 5.1.13: Flowing Condition of Sea Water
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5.1.2 Current Conditions near

(1) Pzed1ct10n Results

The cu1xent pred1ct10n 1esu1ts near

in Table 5.1.°6.

Intake of Umm Al Nar Station

the intake are shown figures

listed

Table 5.1.6: Figure Number List of Current Prediction Results

Predittion Item Near Intake
Tidal Max. Spring Tide Period Figs. 65.1.26, 5.1.27
Current . . : : - :
Ave. Spring Tide Period Figs. 5.1.28, 5.1.29
Middle Tide Period Figs. 5.1.30, 5.1.31
Neap Tide Period Figs. 5.1.32, 5.1.33
'C¢n9tant5Flow (Ocean'Curreﬁt)
| Drift - Wind Direction N Fig. 5.1.34
Current . ‘
Wind Direction N¥ Fig. 5.1.35
Wind Direction S Fig. 5.1.36
Intake & Intake Flow Fig. 5.1.37
Discharged _ B '
Flow Pischarged Flow Fig. 5.1.38
Intake & Dischéfged Cbmposite Fig. 5.1.39
(2) Summary of Current Condltlon
The predlctlon was carr;ed out on each component of the currents, and the

results are as follows.

1} Componenf:of=Tidal Current

(a) Rate of Current T1da1 Veloc1ty

The sea near the 1ntake is 1nf1uenced by the 1nflow and discharged water

mass from Umm Al: Nar.:

The current velocity declines to several cm/s

near

the' intake, but has 20 to 30 cm/s for the maximum spring tide period at

the inlet of South Basin where the channel closes.



(b) Flow Condition of Sea Water -

The sea water flowing from Mina Zayed is divided into one st:eam going up
SE through Baghal Channel, and the other going up through the channel of
the N side of Assu-oom - Assamaliyah - Abu Dhabi Island. However the
water mass coming near the intake presumably goes through the both
rouies. - : :

2) Component of Constant Flow

There is almost no effect of ihe component of constant flou of the ocean
current in Arabian Gulf to the inside of. the lagoon. .

3) Component of Drift Current

Near the intake, the water mass moves along the coaqt fron the north at
the time of a northerly wind, and at the time of a southerly wind ' the
water mass moves from the opposite dlrectlon Therefote,- as mentloned
above, in view of the tidal current, though the sea 'water that flowed
from Khalidiva did not affect the area’ ‘nearby the intake, the drift - cur-
rent sometimes works on the inflow of water from the south.

4) Component of Intake and Discharged Sea Water

The flows of the intake and the discharge of sea water of about 120 m¥/s
were predicted. Their influences are limited to near the intake and the
discharge facilities. But, the discharged sea water from Umm Al Nar
Station wmight be recirculated because the intake - and the discharge
facilities are located relatively close. ' S

— 3090 —
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5.1.3 Case Study of 0il Contamination Accident
(1) Object

As a rvesult of the prediction of current conditions around the Abu Dhabi
Island and near the 1ntake, the rates of velocity, its directions and the
routes of the tide in the subject sea area were clarified in 5.1.1. Also,
the: outlined understanding was obtained to see how the currents, which
are -atiributed to various external forces such as tidal currents, ocean
curients, drift currents and intake and d1qchalge flow, affect the dis-
persion-of floating oil.

HOWever, the results found in 5.1.1 were Bulerian currents on fixed " co-
ordinates, and the prediction results in the previous section by them-
selves are not complete enough to gain an understanding of the routes the
oil takes, ‘or the time taken, since the oil which flowed in the subject
sea area moved with the currents which varied s$patio-temporarily. That
is, they ‘could not be satisfactory base materials for the examination of
an oil contamination monitoring system or an oil pollution protection
system, R :

Therefore, in this section, a prediction will be done on how oil spilled
at’ a certain location (this location is the subject of examination on
setting the monitoring system or protection system) moves, and how. long
does it take to reach near the intake or the 0il pollution protection
sysiem,

{(2) Frame of'Prediction

As clarified in the previous section, the current in the subject sea area
is a composite  of several current elements such as “fidal current”,
"ocean current”, 7drift current” and "intake and discharge flow”. More-
over, “tidal current”, out of the four elements, is considered to be the
predominant factor in terms of the rate of current velocity,

This component of ‘tidal current has a ‘12 hour period, and sea water flow-
ing in during flood tide flows out during ebb tide in 6 hours, indicating
simple to- and-fro motions. Thé 0il flow returns to exactly the same posi-
tion in 12 hours with this motion. In actuality, however, the oil does
not return to.the same position and .describes complicated movements in-
fluenced by "tidal residual current” or “constant flows (ocean current,
drift current, and intake and discharged flow”.

Therefore, the object in this section is, by using the flowing Eulerian
results obtained in 5.1.1, ‘to search for the movement routes of markers
(0il 1lump) and its movement time by using the Lagrang1an method which
spatio- temporarlly traces the motion of oil thrown in at certain points.
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(3) Conditidn of Prediction
1) Prediction.Time

Monitoring points must be set in such positions as to fully ‘ensure the
time for plant superintendents to take emergency actions, prlncjpally
during the time that the monltorlng points.sense the inflow of oil, and
by the time that the o0il reaches "the area near the . 1ntake_.ot “the set-
ting positions of the oil protection system”. Therefore, although predic-
tion time must be set on the basis of ”tlme to take various emergency
actions”, it cannot be decided uncondltlonally q;nce its concrete - time
varies according {o procedures. o

Therefore, here, the prediction time will be set considering the current
conditions of the subject sea area. The main current is a tidal current
descxlblng a to-and-fro motion. Seeing its movement routes as. shown in
Fig. .1.40, the oil thrown in at the start of the flood cuxrent at . a
certaln position moves to where it was thrown.in, in a half period (6
hours). So, if the movement routes in this period, from the. start of the
flood current to the start of the ebb current, are grasped, the object
here will be attained. So, markers from the start of the fiood will be
traced for 6 hours. : : : '

N _ o h1z3a5.

Fig. 5. 1.40: Movement Route of Marker (Thrdwn at'Starfsof Flood)
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9} Thrown In Locations of Markers

13. lines .in total were selected to throw in markers as shown in bold

lines in Fig.  5.1.41. Lines 1 to 7 were remote from the intake, and Lines
A to F were near the intake.

4

Mussafah

Fig. 5.1.41: Thrown In Locations Markers
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3) Prediction Case

As mentioned in 5.1(2), it can be explained that the currents of the
subject area are composed of 4 components. According to. conditions - of
occurrence origins, they can be classified as follows:

% Constant elements

Components of tidal current, and intake and discharged"fiow
* Temporal elements

Components of drift current and ocean current

Temporality means here, an uncertainty about its ébpearance frequency
or continual time. '

Therefore, to examine macrocscopically the whole subject sea area, the
prediction will be done with "constant elements”. However, as the route
of oil flow near the intake may be greatly influenced by “temporal ele-
ments”, both elements shall be considered for the prediction. Table 5.1.7

is a prediction case.
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Table 5.1.7: Prediction Case

Tidal - | I &D : ‘Drift Ocean Section Thrown In

Curr. Flow Curr. Curr.
'“ﬁSTP Intake. -
ASTP 1 126.4 w3 /s Total 7 Sections
HiTP - | Discharge ‘ _ See 1-7
NeTP 1 123.3 m® /s A
R | - W i N
MSTP WD : NV
L ¥ S
| Intake WD : N
ASTP . | 126.4 m* /s| WD : NV _ :
’ ‘ ¥R : S Total 6 Sections
-~ |'Discharge | ‘WD :N | See A-F
HiTP 123.3 p* /s WD : NW
_ ' W S
) : VD I K
NeTP ' WD . NV
WD @ N
MSTP ¥D : NV S¥. Current
: | WD 8§
e Intake . WD : N
ASTP 1 126.4 n® /s ¥D : NW SW Current
T - _ WD : 8 Total 6 Sections
. | Discharge W N _ See A-F
HiTP 1 123.3 n® /s VD o NW SW Current :
. ' W : S :
SRR AR WD N
NeTP S : ¥ o Rw S¥  Current
R B : ‘¥ :Ss _

Vhere, NSTP: Haximﬁm Spring Tide Period, ASTP: Average Spring Tide Period
- MiTP: Middle Tide Pericod, NeTP: Neap Tide Period
Also, _WB: ¥ind Direction
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(4) Prediction Result
1) Movement Condition of Marker in Remote Area from Intake
(a) Line 1 (Fig. 5. 1. 42)

Markers thrown along the line 2. km NE from the entxance of the ~lagoon -
are moved into the bay with the watcr mass at the 5 km point of the. Abu
Dhabi Island at maximum spring tide. They moved into the bay up “to . a
maximum of 14 km. At middle tide, an average tide with its water mass 1
km offshore is drawn in but the markers flow in only up to about 2 km
from the entrance of the lagoon. :

(b) Line 2 (Fig. 5.1.43)

Markers thrown in at 3 lines located the lagoon éntrance moved along the
coast of Baghal Channel and Ashuum Island. Some of the markers carried on
a strong current area of Baghal Channel, have traces of about 16 km. In a
middle tide, they moved in to about 9 km, but did not reach the intake
for a semicycle period, ' ‘

{c) Line 3 (Fig. 5.1.44)

Markers thrown in the channel moved SE along Baghal Channel The movement
route was same as the route of the markers thrown in along L1nes 1 and 2.

{d) Line 4 (Fig. 5.1.45b)

The movements of markers were divided into the one which moved up o
Baghal Channel and the other moving to the channel between Essall and
Ashuoom. The latter moved up to nearly 1 km “from the 1ntake in maximum
spring tide. :

{e) Line 5 (Fig. 5.1.46)

Some markers thrown in this Line moved into the channel leading to the
intake, but most of them scatter toward Al Jubail or Umm Al Tamam, ~which
indicates that some of the water mass_f10w1ng through Baghal Channel

flows into the channel which leads to the inﬁake, but is soon reversed at
the channel due to a reversed current. ' : C

(f) Line 6 (Fig. 5.1.47)

Markers reached the intake at maximum spring tide'-fhié'waé pf0bab1y due
to the fact that the channel between Essal and Assamallyah is ‘a main
current flow to the intake,

(g) Line 7 (Fig. 5.1.48)

Markers reached the intake in 5 to 6 hours at the maximum sbring'tide. In
other cases, they did not reach the intake.
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Neap Tide Period

Notes : * shows thrown location.
Hark is noted in every hour.

Fig. 5.1.42: Result of Marker Tracing (Thrown at Start of Flood Tide)
' <Line 1> '

A —



Hiddle Tide Period * Neap Tide Peried

Notes : # shovs thrown location.
Hark is noted in every. hour.

Fig. 5.1.43: Result of Marker Tracing (Thrown at Start of Flood Tide)w
<Line 2> c
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" Hiddle Tide Period - Meap Tide Period

Notes : * shows thrown location.
Mark is noted in every hour.

Fig. '5.1.44; Result beMafker-Tréciﬁg'(Thrbwn:af Start of Flood Tide)
<Line 3>
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4 4
v v
P} \g Fra

Middle Tide Period . Meap Tide Perid -

_Notes : ¥ shows thrown location.
‘Mark is noted in every hour.

Fig. 5.1.45: Result of Marker Tracing (Thrown at Start of Floed Tide)
<Line 1> - - ‘ L
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~ Hiddle Tide Period ' eap Tide Period

Notes : ¥ shows thrown location,
Mark is noted in every hour.

Fig. 5.1.46: Result of B«{arlcer:Tracing (Thrown at Start of Flood Tide)
- <Line 5>
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Hiddle Tide Period " Neap Tide Period

Notes : * shows thrown location.
Kark is noted in every hour.

Fig. 5.1,47: Result of Marker Tracing-('rhrown.at_ Start ‘of Flood Tide)
<Line 6> _ L
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" Haxious Spring Tide Pericd

% [ 7
v
3 %

Hiddle Tide Pericd o

' Neap Tide Period

Hotes : * shows thrown location.
Hack is noted in every hour.

Fig. -5.1.48: Re'sr.:lllt of Marker Tracing (Thrown at Start of Flood Tide)
<Line 7>
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2). Movement Conditions of Markers near Intake of Umm Al Nar Station

Movement conditions of markers near the intake of Umm Al Nar Station were
examined on a total of 6 lines from Lines A to Line F as shown . in Fig.
5.1.41. The followings are the summeries of each line about movement con-
ditions of markers. Markers were thrown in at the beginning of flood tide

at each line,
(a) Line A (Figs. 5.1.49 to 5.1.52)"

Markers teached the intake in 5 to 6 hours from the start of the flood
current at maximum spring tide regardless the drift current caused by
wind. In other tidal periods, they reached to a location 3 km away. from
the intake at most, even at average spring tide, :

(b) Line B (Figs. 5.1.53 to 5.1.56)

At the maximum spring tide, the markers 'reached to the intake in 3 to 4
hours from the start of flood current. In other tidal periods, ‘they
would veach to 1 to 2 km from the intake, if there is no drift current
(only a tidal current and an intake and discharge flow). C
However, when there is a drift current, .oil. lumps would _flow along a
complicated route due to a ‘complicated topogrdphxcal whirlpool " the
southern sea area of Qassar Essall. But,. they would move rather NE oppo-
site of the intake. : o ;

(¢) Line C (Figs. 5.1.57 to 5.1.60)

A large movement of the oil lumps was not observed as the Line C which. is
located at boundary between the current coming through Baghal Channel. and
that comlng between Assamaliyah and Essall at the maximum sprlng tide.

Therefore, when 'a draft current occurs, 1t comes on the 1n51de of the
intake along the cape located on the of Umm Al Nar; but .it does not
reach the intake. On the other hand, during other tidal periods, oil
lumps move along the peninsula because of the inflow of sea water coming
through the Baghal Channel to the intake channel. When a drift ‘current
caused by a northern wind js added, they reach the intake in 4 to 6
hours. : C : '

(d) Line D (Figs 5.1.61 to 5.1.64)

Line D is located in a sea area influenced by the flow of intake and
discharge water. At the maximum spring tide, it reaches the intake in: 3
hours. In other tidal periods, other than a drift current caused by a S

wind, they reach the intake in 6 hours at the most.
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(e) Line E (Figs. 5.1.65 to 5.1.68)

At the maximum spring tide, oil lumps reach the intake. At the other
tidal periods, they only reach the intake with a drift current caused by
southern winds. The minimum arrival time is about 3 hours at the maximum
spring tide and in a drift current due to a southern wind.

(f) Line F (Figs. 5.1.69 to 5.1.72)
The movement 0f oi1 1umps'sh0wed the same tendency as Line E since it was

about 1 km apart from Line E, but the possibility of their flowing near

the intake was greater than Line E since it was about 1 km closer to the
intake. : :
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Flg '5.1.56: Result of Marker Tracing (At Neap Tide + Intake
“and Discharge Flow} <Line B>
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Fig. 5.1.70: Result of Marker Tracing (At Average Spring Tide + Intake
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(5) Summary

In this section, a prediction was performed in order to examine the pro-
tection system of oil contamination and the :approprlate selection of
positions for the monitoring system of 0il contamination which senses the
inflow of oil to the subject sea area. The summary is as follows

1) Range of 0il Flowing into Lagoon -

2}

3)

4)

At the maximum spring tide, the water mass from the  inlet of the
lagoon to about 5 km offshore is taken into the lagoon. Its arrival
time to the lagoon is about 2 to 5 hours.

The oil lumps near the lagoon inlet do not reach the iﬁtake in 6 hours
{a semicircle period}. ' .

The oil lumps show a to-and-fro motion, SO they do not reach the irt-
take in 6 hours even in spring tide period when the flow of oil is the
fastest and move to the lagoon entrance at the second ebb _tlde when
the flow of oil is the fastest. Therefore, there is no need to install
a monitoring point near the lagoon inlet.

But, if the oil accident could be considered to’happeﬁ at night, it is
necessary to set up a monitering peint near the entrance for more
safety. ' :

On - the other hand, when the 0il Tumps flow in durlng a flood current
period and drift ashore, they progress to the intake in the next flood
current. From the inlet, they may poss:bly reach the intake in 18
hours (1.5 tides) at the shortest. :

It is necessary to pay attention to the oil-lumps coming through the
channel between Assamaliyah and Qassar Essall (Lines A and B) rather
than that coming through Baghal Channel, when  selec¢ting monitoring

points.

The movement routes and arrival time of oil lumps were predicted near
the intake at a total of 6 sections, Lines A to F. It is necessary to
examine the installation points of a monitoring system,  based:on the
setting positions of an oil pollution protection system and its
me thod. : ' c

That is, when an oil fence is planned to be set up at the place  shown
below, as the first protection system of oil pollution near the in-
take, considering the time required for the oil fence extension or the
instruction time to take up an emergency posture, the setting posi-

tions of a monitoring system of oil contamination should be Lines B, D
and E, from where oil lumps would need more than 5 hours to. reach the
oil fence, '
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