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Chapter 3 Marine Field Survey
3. 1 Outltne of Fleld Suxvey

Umm Al Nar Statlon is located in the lagoon, about 25 km south east of
‘Abu Dhabi City. Sea water from Arabian Gulf is supplied to the sea water
intake facilities of the station through several channels in the lagoon.

The -sea  water is'used as cobling'watei in power plants and as raw sea
water in desalination plants in Unm Al Nar.

1t 13 necessary to 1nsta11 a system to protect agaxnst 0il contamination
and a ‘monitoring system to forecast and. reduce the influence of polliution-
on the station. That is to say, it is necessary to adequately understand
the _characterzstlcs ‘of the marine area near the station and around the
Abu Dhabi Island in order to properly install these systems and to estab-
lish a suitable institute for oil contamination.

Thfs'field'sufvey'will clarify the follbwing items:

(a) Obfaining information and data necessary for carrying out numerical
caiculat:on of oil disperszon in the marine area around the Abu Dhabi
Island

(b)_0i1 con;aminati0n conditions near Umm Al Nar Station;

(c) Characterisfics_ of the marine area around the Abu Dhabi Island in
" order to plan a periodical monitoring against oil pollution;

(d)-Tidal current -conditions near Umm Al Nar Station in order to design
‘& new sea water intake facilities for the purpose of protecting Umm
. Al Nar Station from cil contamination..

The field survey covered a period of'thé.tWO seasons, summer and winter,
as the ¢0nditions of the marine area are subject to seasonal variation.
The;.diStributibns of tidal currents and water temperature-salinity were
observed in the predetermined marine sites in March 1988 in order to
effectxvely conduct the second and third field surveys.

0utlines Qf'each field survey are as follows:
' (a)'FifSt Field Survey
. Thé diStributions of tidal currents and water temperature and sali-

nity were observed in the mar1ne area around the Abu Dhabi Island on
. 'March 20, 1988. -



(b) Second Field Survey

(c)

The second field survey was conducted during the péfiod’of September
to November, 1888 according to the time schedule shown in Table 3.1.1
in order to clatrify the summer characteristics of the marine area.
Third Field Survey

The third field survey was conducted duxlng the perlcd of Januarv to
March, 1989 according to the time schedule shown in Table 3.1.2 in
order to clarify the winter chaxacter;st1cs of the marlne area. '

The observation records and a part of analys1s 1esu1ts are shown in
the supplements (Data Book). C
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3.2 Tidal Currents
3.2.1 Consecutive Anchored Observation of Tidal.Chrrénts
(1) Purpose

The purpose of con%ecutlve anchored observatlon of tlddl current .is to
clarify the statistical characteristics of tidal currents around the Abu
Dhabi Island and also to obtain the ‘fundamental 1nf0rmat10n necessary for
the numérical Lalculation of oil dlspequon :

(2) Observation Location

The locations for the consecutive observation of tidal currents are shown
in Fig. 3.2. 1. The eight locations were selected as observation sites . so
that the general features of the tidal currents 1n the sea axound the Abu
Dhabi Island could be ascertained. : ‘ :

5

Notes ! abls

¢ 30 day period
o 15 day period

= : 5 o 0. L. 2 3 & Skal:
’ e

Fig. 3.2.1: Location of Consecutive Obsérvatioﬁ oflTiéalfCﬁ§feﬁts'
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(3) Duration of Observation -
The duxatlons of observatlon at ‘each site were as follows :
1) SeLond Pleld Suxvey

SLte 1 September 26 to November 1, 1988 (36 days)
Site 7  October 15.to October 31, 1988 (16 days)
Site 9. September 27 to October 31, 1988 (34 days)
Site 15 October 8 to November 8, 1988 (31 days)
"Site 19 September 27 to November 1, 1988 (35 days)
Site 20 September 26 to October 15, 1988 (19 days)
Site 21  September 26 to October 15, 1988 (19 days)
Site 23 October 15 to November 1, 1988 (17 days)

2) Thiéd-Fie1d Survey'

"~ Site 1 - January 23 to February 25, 1989 (33 days)
Site 7 :January 24 to February 11, 1989 (18 days)
Site 9 . January 24 to February 26, 1989 (33 days)
Site 15 January 28 to February 28, 1989 (31 days)
$i1¢:19  January 23 to February 25, 1989 (33 days)

" Site 20 February 11 to February 26, 1989 (15 days)
Site 21 February 11 to February 26, 1989 (15 days)
Site 23  January 23 to February 25, 1989 (33 days)

{4) Method Qf Observation

The observation of tidal currents was carried out with the self-
recording ~ current meter of RCM-4S type. According to the magnitude of
tidal currents at each site, the current meter was installed at the site
~of a. small current speed (Sites 1 and 15) by way of Case-1 and at the

site of a large current speed (Sites 7, 9, 19, 20, 21 and 23) by way of
Case- 2 :

A sketch of {hé'inStallation of the current meter is shown in Fig. 3.2.2
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Fig. 3.2.2: Sketch of Installation of Current Meter
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(5)'Arrangemeht ahd Analysis of Tidal Current Observation

Using the results of tidal current observations, the following arrange-
ment and ana1y31s were conducted

1) Qutlines of Current Condztlons

¥ Scattering plot

% Component current curve

% Frequency distribution of current direction
# Frequency distribution of current speed

2).AnalySis:of TidélNCﬁrrent Characteristics by Harmonic Analysis

* Harmon1c canstants

% Main current dlrectlon

* Avexage current over observation period
* D:sharmonlc constants :

3) Pred;gtiog of Current Conditions during Spring Tide Period
% Hodograph
# Chart of current conditions

4 Analysis of Periodic”Charactéristics

'* Shoxt texm per10d1c1ty *ﬁ[:: Forrelation curve
Power spectrum chart
% Long- tenm per10d1c1ty ' wwwmw-é&verage movement vector of tidal
' currents over a 25 hour period
-—- .Advance vector

5) Analysis on Diffuéibthield of-TidaI Currents
* Diffusion coefficient

(6) Observation Results of Tidal Currents
1) ?econd Fi&ld Survey
(a) Outllnes of Current Conditlons '
Using the whole ebServatlon results of current directions and speeds
which were recorded in the field survey, a scattering plot at each site
is drawn -up. The scattering plot, in which the current directions and
speeds of each 10 minutes period is plotted on rectangular coordinates,
shows roughly the current conditions at each site during the whole obser-

vation period.

The scattefing plots are shown in Fig. 3.2.3.
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According to the scattering plots, it is clear that returning currents
parallel to the respective channel were dominated at S1te 7, ‘Site 9, Site
19, Site 20, Site 21 and Site 23 which are located in Baghal Channel or
Bateen Channel. The inshore strean towards the interior of the lagoon and
the offshore stream are distributed to the same degree at S1te 9 and Site

19.

On the other hand, the current speed of the south east (SE) di:ection
towards the interior of Bateen Channel at Site 20 and that 6f north (N)
direction at Site 23 was larger than that of the opposite dlxectlon L res-
pectively. Current speed at Site 1 near the sea water intake fac111tles

of Umm Al Nar Station was generally low, and castward stream from - the
inlet of Umm Al Nar Station south basin to.the interior was high to -a
certain degree. o - '

On the other hand, the extent. of south (5) or N direction was relatively
higher than that of east (E) or west (L)) dlrectlon at offshore Site 15
but the current speed was lower compared to that of the Observatlon sites
in the channels. Regarding periodicity of tidal CUrrent%, sem1 -diurnal
or diurnal variation of tidal currents was dlstznct}y shown at the sites
in both the channels. These periodi¢ varxatxons corresponded well to the
variations of tidal level as shown in Fig. 3.2.4.

That is to say, semi-diurnal currents dominating during the spring tide
period when semi-diurnal tidal level variation was dominant, and “diurnal
currents dominating during the neap tide per10d when diurnal inequality
became remarkable. Both east component speed and north component speed
were low at Site 1 and semi-diurnal variation was observed in the east
component speed during the spring tide period. '

On the other hand, current speed at Site 15 was not so high as that at
the sites in both the channels, but semi-diurnal variation during the
spring tide period and diurnal variation during the neap tlde perlod were
observed, similarly to the other sites.

Direction and frequency distributions of current are shown in Fig. 3.2.5,
and speed and frequency distributions of current are shown in Fig. 3.2.6.

Qutlines of current direction at each site are shown in_  Table 3. 2.1.
According to this table, returning currents parallel to the respective
channel were dominant at Site 7, Site 9, Site 19, Site 20, Site 21 and
Site 23 in Baghal Channel or Bateen. Channel and the appearance of the
frequency of the reciprocating currents was 60 to 90%.
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Tidal Currents--——Fast Compoﬁéﬂt'af'Gbéervatibns at Site @
Tidal Level—-~0bservatxons at, Hlna Zayed '

Fig. 3.2.4: Typical Re}atlons between
Tidal Level and Tidal Currents .

There was not a dominant direction at Site 1 near the sea water intake
facilities of Umm Al Nar Station and at offshore Site: 15, but - the . fre-
gquency of E or S¥ direction, was to some extent in excess respectlvely '

Outlines of ‘current speed at each site are shown in Table 3'zizg
According to this table, current speed at Site 1 near the intake was the
lowest speed at all sites, and next at offshore Site 15 and at Site 21 in
Bateen Channel and appearance frequency of lower speed classes was high'
On the other hand, the highest speed was recorded at. Site 23 and
frequency of each class in 0 teo 50 cm/s at 10 cm/s interval respectively
tended to distribute at the appearance frequency of 10 to 20% at “the.
other sites. - I



[ Sread .

Claasitieation NOLES ! — Direction
) 0.6 - 10.0 em/n . Ny
10.0 ~ 20.0 crsn
0.0 $0.0 ern
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0.9 0.9 chns
$0.6 ~ 80.0 omSn
B0.0 ~ 10.0 ©bi/m
0.0 -~ 234 Cnsa
50.-0cmsa -

LI B |

BEACERNT

1988 Observation Iklration'_: |
6th Septesber~~1st Noveaber 1988

Fig. 3.2.5: ,l_}_ircfg.tion'and Frequency Distributions of Current
in Second Field Survey
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_Table-3;2.1: Qutlines of Current Direction in Second Field Survey

[%itel 1 Hydrographic Conditiqns
1 Dominaﬁt-direciibh wasn’ 1 shown.
R Frequency of E direction was rather in excess.
:7-- Frequency of ESF and U—UYM dlrectlons was very much.
'9 :,7 Dgglgznt dlrectlon was ESF or WNY and its frequency was more than
15.‘ .Dominant directibn wasn’t shown.
[ Frequency of S¥ directin vas rather in excess.
19 . Domlnant dlrectlon was SE or NW
O & -1 frequency was more than 70%.
20. | Dominant direction was ESE, WNY, or Ny
Its frequency-was more than 809}
21" | Dominant d1reat1on was ‘ENE or USN dlrectlon,
N Its frquency was more than 60 %.
1 23 | Dominant. direction was N or § direction.
Its frequency was wore than 80%.
Tab1e13.2.2: Qutlines.of.Current Speed in Second Field Survey
'ESité ' Hydrographlc Condltlons
7“'1 '-The range of 0~10cm/s was occupied more than 30%.
7 | The range of 0"60cm/s vas occupled very much.
| The elass of 20—3ﬂcm/s showed the most frequency.
g | The range of (-80cm/s was occupled very much.
ot -Frequency of each class in 0-50cm/s was more than 15%.
15 The range of 0—3Qcm/s was occupied very much.
Frequency of 10-20ca/s class was about 7596
19 | The range of 9—70cm/s vas occugled very much
S 'Frequency of each class in 0~50cn/s was 15-20%.
-t 20 .| The range of 0-70cn/s was occuoied very much
o :r%Frequency of 20~30cn/s class was about 25 %.
|21 - | The range of 0-40cn/s was occupled very much.
| Frequency of 0-Zlcn/s values was about 90 %.
23 ,The range of 0—100cm/s was occupied vgery much
Frequency of more than 50cm/s was about 20%. ]
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Table 3.2.3: Outlines of Harmonic Analysis Results of
Tidal Currents in Second Field Survey

‘‘‘‘‘‘‘‘‘ T .  —
Main Direction o Sz K 0 U

Site m(deg) (ents) | (aws) | (c /s) | (o %s)_ (cm?s)
1 74 3.1 1.6 2.4 1 1.8 1.9
7 285 22.9 0.2 | 173 | 85 | 18
9 287 4.5 | 16.0 | 8.1 | 130 | 3.
15 18 7.9 4.0 126 | 62| 23
19 308 32.0 13.7 8.9 146 | 1.8
20 997 3.6 | 144 | ;w4 | 87 | B2
21 61 11.6 5.6 95 | 4.4 2.7
73 357 37.5 15.3 302 | 145 | 32

b) Analysis on Characteristics of Tidal Cufrents by Harmonic_Analysis _'

Qutlines of harmonic analysis nesults of tldal currents are . shown in
Table 3.2.3. According to this table, the amplitude of the M, ‘component.
current was the highest value (3.1 to 37.5 cn/s). of all component
currents at Site 1, Site 7, Site 9, Site 19, Site 20, Site-21 and Site 23
except Site 15 and next that of K component current was high at 2.4 ‘to
30.2 cm/s. On the other hand, that of K, component current is the hlghest
value of all component currents at offshore Site 15, next M, component is
high and the distribution tendency of component at Slte 15 was d1ffe:ent
from those at the other sites.

The average current speed over the whole observatlon DEFIOd Ua) was - in
the range of 1.8 to 13.2 cm/s and the maximam current was observed. at

Site Z20.

The nonharmonic constants were calculated from the amplltudes 1n main
current direction and U, as shown in Table 3.2. 4.

Table 3.2.4: Nonharmonic Constants Table of T1da1 Currents in
Second Field Survey :

R v I v s e e "%:gL e Slé"‘s o
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Where,

M, + S , Sem1 dlurnal component current sum
Ko+ 00 o Diurnal compenent current sum
Mz + 5 + K, + Oy Four principal component current sum

(K;_+ O,)/(M2 + Sé){ Classification:function of tidal currént types

Accoxding ‘to this table, the minimum of 4 principal component currents
sums was 8.7 cm/s at Slte 1 nearby the sea water intake facilities of Umm
Al Nar Statlon_and the range of the sums at the other sites except Site 1
was 30,7 to 97.5 cm/s. The semi-diurnal component current sum was respec-
tively larger than the d1urna1 component current sum at each site except
offa.hore Slte 15. .

The tldal type, which is evaluated from the value of French type classi-
fication function shown in 2. 3, was the mixed type at each site except
Slte 15 and the d1urnai type at only Slte 15 respectively. Regarding the

ratlo of Uo to 4 pr1HC1pal component currents, the ratio was very small
at less than 0.1 at each site except Site 1 and Site 20.

Therefore, ~ it seems that the average current has little influence on
current cond1t10ns at these s1tes

C) Prediction of Current Conditions during Spring Tide Period

According ‘to the harmonic analysis results of tidal currents, it was
clear - that among the tidal current components around the Abu Dhabi
Island, the semidiurnal M, and S, component currents were to some extent
larger than the diurnal K; and O, component currents except at Site 15,
but both the component currents were large to the same extent.

Current conditions for the maximum spring tide period were accordingly
predlcted ‘Mina Zayed was designated as the standard point of tidal time
wh1ch was based on the observat1ons of tidal level in this study.

The predicted current condltzons at the Q1teq in the channels are shown
in Fig. 3.2.7 and the hodographs of Site 1 and Site 15 are shown in 3.2.8
and 3.2.9 respect1vely '

Accordlng to these flgures the time when offshore ebb current, namely
{from the lnterlor of the lagoon to the Gulf, becomes strongest is 5 to 7
hours after the time of higher hlgh water level (H.H.W.L.) at Mina Zayed.

It is 11kely that the fime is relatively early in the offing and Baghal
Channel ‘and. that the time is later in the interior of the lagoon and
Bateen Channel. At Site 1 and Site 21, the time is latest of 7 hours
after the time of H. H. W L: S '

== 9] —



Flood Cur‘rent

100 -
Y DRI I
3@ 60
40 |
E 20 Notes : .
2 0 © 0 Site 7.
£ -0 ® Site 9
3 =40 ' " Site 19
-60 B Site 20
80 |- efied & Site 21
-A'.Site 23

Ebb Current  Time Assuned Higher High Tide at Mina Zayed
as Standard (h)

- Fig. 3.2.7: Predicted Cur rent Condltxons in Channel at _Maxmum: '
Spring Tide Penod in Second Field Survey
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21 . 71'/’ 5 = “ 1
Nupzanny
2 ; . - wa :
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-4 -2 0 2 4 6 8
Current Speed {em/s) =~ =

Remarks : F}gure is time assumed hlgher hlgh tlde
at Mina Zayed as standard )y o
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Fig. 3.2.8: Predicted Hodograph of Site 1 a_t. Max i mum
Spring Tide Period in Second Field Survey



o 3_0,.

20
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10

Current Speed
]

20 10 0 10 20
Current Speed {(cn/s)

| Remarks : Figure is time assumed higher high tide
at Mina Zayed as standard. (h)

Fig. 3.2.9: Predicted Hodograph of Site 15 at Maximum
. : Spring_Tide Period in Second Field Survey

On. the other hand, the time when inshore flood current, namely from the
Gulf to the interior of the lagoon becomes strongest is 2 hours before
HHW. L  to. 0 hours after H-H.W.L. and it is likely that the time 1is
carly in Baghal Channel and that the time is late in Bateen Chaunnel.

Similarly to the ebb current, the time is latest at Site 1 and Site 2.

The maximum current speed at-each site is in the range of 6 to 99 cm/s
(the average is 57 cm/s) in the ebb current and is in the range of 7 fto
63 cm/s (the average is 41 cm/s). Regarding the average of the maximum
current speed at each site, the ebb current speed is to some degree
larger’ than the flood current speed. o

d) Periodic Characteristics prTidal Currents

To ascertain periodic characteristics of tidal currents around the Abu
Dhabi Island, correlation curve and power spectrum density on main cur-
rent directions werée calculated from the observations of .current direc-
tions and speeds of tidal currents were calculated. An example of corre-
lation curve and power spectrum density is shown in Fig. 3.2.10 and Fig.
3.2.11 respectively. |



The vertical axis shows power spectrum density and the horizuntai axis
shows period in Fig. 3.2.11. The periodic variation of dominant tidal
current speed is shown from peak’s position in this figure.

Notes @ S .
~—— Component. of Main Direction .
~—  Component of Subnormal Direclion

Number
240 .
40 :

Tine ()

Autocovariance Coefficient
(=]
[

Remarks :
L.ocation——-Site 9
Duration-~-October 1938

Fig. 3.2.10: Example of'Corrglétiqh Curve



Period (h)
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:10"1
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Frequency (Hz)

Remarks :
chation—~—Site 9
Duration---October 1988

' Fig.lB;Z.ll: Example of Power Spectrum Density Curve

The . dominant . cycle periods at each site are as shown in Table 3.2.5
ACCOrdihgu;to this .table, there were peaks of power spectrum dens%ty at
the period - of about half a day and of about a day in the variation gf
tidal currents at each site. Also, there were no peaks in the long peri-
codic  side of more than a day at each site, but it is likely that the
power spectrum density in the long periodic side became higher at only

Site 15, -



Table 3.2.5: Dominant Cycle Periods of T1dal Curzents
in Second Field Survey : '

sie | 1| 7] 9] 15 ] 1] | a]|»
12.4] 12.4] 124] 124] 12.4] 122 12.2| 124
%8| 8| 24.8| 23.9| 2.8 2.8 23| 2.8

Period {(h)

The long-term periodicity of tidal currents was analyzed wusing: average
movement of tidal currents over a 25 hour period. An example of average
movement is shown in Fig. 3. 2.12. The analysis results are shown in Table
3.2.6. According to this table, it is very likely that the frequency of

the current direction was more in the direction from the . offing to the

interior of the lagoon in both the channels and the eastward stream at
Site 1 and the southward stream 'at site 15 were well obberved

Northward October 1988 | . [ DatefTime
174 z 3 L 5 8 1. 8 18 10 31 . g2 13 14 1% 18
s 105 1 4 1t 49 1 11 9 iz 11 27 4 1Y 4 17 i g 12 €17 ¢ 1§ aF 4 o1 ]
A : .
; s -5 ] ) .

o } o AR | st e e L PP IS, - L SN 2R R S vy

v - .

s 8 l '
£ 10

Bourthwarg . _

Northward October 1 S =  : 7 Date/Time
- 10716 17 t8 12 20 21 22 23 24 - 25 26 - 27 8. 29 30 31
g 10 © § 17 9 1z § 317 ¢ 1 i § 11 § g 12 7 9 i1 ¢ tx. 90 1z ¢ j1 9 1
5 J -

5% ° . -

O E e B s & Eoromt ot L ek A M LA LA SN UL A SR e
2 B

f 10

Bouthward :
Remarks :

Location---Site §

2.0m below the sea surface

Fig. 3.2.12: Example of Average Movement of Tidal Currents
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' lable 3.2.6: Outlines of Analysis Results by Average Movement
of Tidal Currents in Second Field Survey

Site - Hydrographic Conditions _
1 Frequency of NE~SE_currents was rather in excess and the current
Speed,waS'slow durlng the whole period.
7 Frequency of E currents was very much during the whole period.
: The current speed of about Sem/s was very numercus.
.9 Frequency of N-E currents was very much during the whole period.
- 'The current speed was slow level of a few cm/s.
15 Frequency of S-SU curlents was rather in excess.
] The current speed was varied Wlthln the range of 0-10cdm/s.
19 'Frequency of SE direction from the open sea to the interior

of channel was very much during the whole period.
The nearly diurpal perlod in current speed was found.

20 The ESE dlrectlon from the open sea to the interior of channel was
dominant during the whele period.

| Thecurrent _speed was almost more than 10cm/s and was the hlghest
‘| values of all sites.-

21 Frequency of S¥ d:rectlon from the interior of channel to the
open sea was more during the whole period.
The current speed was sIow generally

'23 - The N“NNE dlrectlons were almost most durlng the whole peried.
The current speed was about 5cm/s generally.

The average movement at the whole 51tes was generally smaII in the range
of " zero to’ 10 Cm/s Furthetmore,,the above mentioned long-term periodic
tidal currents were conflrmed using advance vector. The advance vector
was: flguled by the way that the moving distance and direction each 10
minutes ~ is calculated from the observations of tidal currents and that
the " distance.and .the direction are consecutively plotted on rectangular
coordinates and the plotied points are sequentially connected with lines.

A- stream path in this figure does not express an actual path of water
novement, - but it IS available for getting an understdnd1ng of the fea-
tures of tldal currents

Advance vector was flgured f:om ‘average movement over a 25 hour period in
order to sée” the constant current of a long-term period longer than one
day: An example of advance vector is shown in Fig. 3.2.13. According to
this advance vector, the stream path at each site had a similar tendency
to the results of ana1y81s with the average movement vector.
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Fig. 3.2.13: Example of Advancé Vécth of Tidal Currents

e) Analysis on Tidal Currents Distribufionz '

Diffusion coefficients were calculated from the observed data which were
obtained through excluding the current components of longer period than
12 hours. The calculation results are as shown in Table 3 2.7,

According to this table, the d1ffus1on coeff101ent in main d1rect10n is
in the range of 1.6 x 10* to 3.7 x 10° cif /s and the minimum and’ the
maximum is respectively shown at Sxte 1 near the sea water intake facxlx
ties of Umnm Al Nar Station and at Site 23. The diffusion coeff1c1ent in
perpendicular direction is to the level of 10° to 10* e /s.. B

Table 3.2.7: Diffusion Coefficient of Tldal Curlents in
Second Field Survey

Component of ‘ Component of
Site Hain Direction Main Direction Subnormal Dlrectlon
(deg) (cm® /s) {cn? /s) '
1 85 1.6x10% 1.7X10% -
7 85 ' 1.5%10°8 1. 1)<10'*
9 285 1.5%X10%. 2.7X10°
15 20 2. 7><_10“ _ 7 1. IXIO"'f"_
19 310 9.4%10° ' 4.1%10°
20 295 1.1X10" 68.7X10%
21 65 8.9%10* 4.2%10°
23 0 3.7X10% - 8.0x14°
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2) Third Field Survey
a) Outlines of Curfgﬁt Conditions

The scattering plots of tidal current observation records are shown in
Fig. 3.2.14. According to this figure, it is clear that reciprocating
currents parallel to the respective channel were dominant at the sites in
Baghal Channel and Bateen Channel. .

At Site 1 near the sea water intake facilities of Umm Al Nar Station, the
current ‘speed was generally slow and the current direction was uniformly
distributed in almost all directions, but the extent of the east direc-
tion was slightly higher.. On the other hand, at offshore Site 15, the
current direction was uniformly distributed in almost all directions,
except ‘the current speed of the SW direction which was high to some
extent. ' . '

Regarding. -periodicity of tidal currents, semi-diurnal or diurnal varia-
tion of tidal currents was distinctly shown at the sites ‘in both the
channels. This periodic variation corresponded very well to the variation
of tidal level. Both east component speed and north component speed were
slow at Site 1.and the apparent periodicity of tidal current -was not
observed. On the other hand, the variation of the semi-diurnal or diurnal
per10d1c1ty was observed at Sxte 15

D1rect10n and freqnency dlstr1but1ons, and speed and frequency distribu-
txons of cu;rent are shown_ln Flgs 3.2.15 and 3.2..16, respectively.

Outlxnes 'Of current direction at each site are shown in Table 3.2.8.
Accordlng to this table, reciprocaling currents parallel to the respec-
tive channel were dominant at Site 7, Site 9, Site 19, Site 20, Site 21
and Site.23 in Baghal Channel and Bateen Channel and the frequency of the
1ec1procat1ng currents was more than 90%

There was not the dom;nant dxrectlen at Site 1 near the sea water intake
facilities - of Umm Al Nar Station and at offshore Site 15, but the fre-
quency of S¥ direction was slightly large at Site 15,

Outlines of current speed at each site are shown in Table 3.2.9. Accord-
ing to this table, the lowest current speed was recorded at Site 1 among
the observation sites and then at Site 15, then at Site 21. On the other
hand, the highest current speed was recorded at Site 23, and the current
speed -at each site, except Site 23, was widely distributed between 0 to
80 cm/s.

-9
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Fig. 3.2.14: Scéttering Plots of Tidal Current Observation Records
in Third Field Survey g
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_ Tabiq.SLZ;B:fOutlines_of Current Dirvection in Third Field Survey

| Site

- 1

 Hydrographic Conditions

1 Déminant‘directibn vasn’ ¢ shown.
7 ggg}nant.directidn was BSE or WNW and its frequency was more than
- s 0'_' N " . . .
9 | Dominant direction wvas E or WV,
1 Tts frequency was more than 70%.
15 | Dominant direction wasn’t shown. o
.. | Frequency of S¥ direction was rather in excess.
19 | SE or N direction was extremcly domjinant.
' Its frequency was more than 80%.
20 | Doninant direction was ESE or W\W.
- | Its frequency was more than 70%.
21 | Dominant direction was ENE or WSW.
- Its frequency was more than 60%.
23 | Dominant direction was N or SSE-S.

Its frequency was more than 80%.

Tabie 312;9:_0utline 6f Current'Speed in Third Field Survey

Site 5 Hydrographic Conditions
 1_ The range of O~10cm/s was occupied more than 80 %.
7" | The range of 0~60cm/s was occupied very much.
. | The class of 10-20cn/s shoved the most frequency.
9 The.fange éf 0-80cn/s vas occupied very much.
" I Frequency of eaphfclass in O‘Eﬁcm/s_was more than 15%.
15 {'The range of 0~50cm/s vas occupied very much,
| Frequency of 10~-20cn/s class was more than 70 %.
19 " | The range of 0~80cm/s was cccupied very much.
_ . | Frequency of each class in 0-4lcn/s was more than 15%.
20 | The range of 0-%0cn/s was occupied very much. )
. | Frequency of each class in (~40cn/s was more than 15%.
21 - | The range of (~4Qcm/s was occupied very much.
- | Frequency of 0-20cm/s values was more than 90 %.
23 | The range of 0-80cn/s wwas occupied very much.

Frequency of more than blcm/s was about 20%.
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b) Analysis on Characteristics of Tidal Currents by Harmonic Analysis

Outlines of harmonic analysis results of tidal currents are shown in
Table 3.2.10. According to this table, the amplitude of K; component
current was the highest value (12.5 cm/s) of all component . curvents. at
of fshore Site 15 and that of M, component current was the highest value
(2.7 to 38.4 ‘em/s)  at other sites. Also, Uo-was in the range of 8.4 to
9.9 cm/s and the maximum culrent was observed at Site 20 in Bateen Chan-

nel.

The nonharmonic constants are shown in Table 3.2.11. According to this
table, the minimum of four principal component currents sum was 7.1 cm/s
at Site 1 near the sea water intake facilities of Umm Al Nar Statlon -and
the range of the sums at the othev sites, except Site 1, was 26.6 to 93.1
cm/s. The semi-diurnal component current. sum was higher than the dlurnal
component current sum at each site except’ fosh01e Sxte 15 ' :

The tidal type was the mixed type at all the sites” (F = D 47 to 1. 24)
Regarding the ratio of average current over the whole observatlon pe110d
to four principal component currents, the rat10 was very small at less
than 0.1 at each site, except Site 1 and Site 20. Therefore, the average
current has little influence on current conditions at those sites.

Table 3.2.10: Outlines of Harmoni¢ Analysis Results of
Tidal Currents in Third Field Survey

| €=
5 .

Main Direction | . Ms |  Ss Ky | .00 | U
Site (deg) (en/s) | {em/s) | (ew/s) | (ew/s) | (ow/s)
| 62 27 (10 { 18 18| 13-
7 285 20.1 | 88 4 | 82 0.5
9 282 a6 | a4 | 10 | 98 |25
15 17 a1 58 | 125 6.0 24
19 310 31,7 15.8 1 1731 12 1 08
20 293 33.0 155 | 158 | 7.3 $.9
921 85 it {50 oA 5.5 0.4
2 358 38.4 20.1 ] 2.0 138 | 54 -
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Table 3.2, 11: Nonbarmonic Constants Table of Tidal Currents
in Third Field Survey

s My 1S, | Ky %0y | My 4S5 4K, 40 e | s i
t + + + + + + ’ > +54 T
- (ém/hi s | ey )T T T
1 1737 1 34 | 71 0.92 0.18
7. | 8.7 176 | - 483 0.61 0.01
g | 5.0 | .8 82.8 0.48 - 0.03
15 | 149 | 185 33.4 1:24 0.07
19 | 47,5 28.5 76.0 0.60 0.01
20 | 485 22.9 .4 0.47 0.14
21 | 1.4 | 10.2 6.6 0.62 0.02
23 | 585 | 346 g3.1 0'59 0.06

¢) Prediction of Current Conditions during Spring Tide Period

According = to  the harmonic analysis results of tidal currents, it was
clear “that on the tidal current components around the the Abu Dhabi 1Is-
land, the sémi-diurnal M, and S, component currents are to some degree
larger than the diurnal K, and 0, component currents except at Site 15,

but both the component currents exist to the same degree. Accordingly,
current conditions during the maximum spring tide period (M, + S, + K, +
0;) were predicted. Mina Zayed was designated as the standard point of
tidal time which is based on observations of tidal level.

The predicted current conditions at the sites in the channels, the hodo-
graph of Site 1 and the hodograph of Site 15 are shown in Figs. 3.2.17,
3.2.18 and 3 2 19 respectively.

Accordlng to these figures, the time when the offshore ebb current, name-
ly from: the interior of the -lagoon to the offing, becomes strongest is 5
to 7 hours after the time of H.H.W.L. at Mina Zayed and it is likely that
the txme of strongest ebb current is relatively early in the offshore
area and in Baghal Channel and that the time of strongest ebb current is
late in the interior of the lagoon and in Bateen Channel.

On . the other hand, the time when inshore flood current, namely from the
offshore area to the interior of the lagoon, becomes strongest in 2 hours
before H.H.¥.L. to-1 hour after H. H. ¥.L. at the site, except Site 15
where flood current becomes strongest at 12 hours after H.H.W. L. The time
of the strongest flood current is early’ in Baghal Channel, late in Bateen
Channel and latest at Slte 1 and Site 21.

Regardlng the maximam current speed at each site, the ebb current speed
is to some degree higher than the flood current speed.
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Fig. 3.2.19: Predicted Hodograph of Site 15 at Maximum
Spring Tide Period in Third Field Survey

d) Périédichhafacferiétics of Tidal Currernts

_Thg' Q0ﬁinaﬁt.Cyclefpefiods at each site are shown in Tabie 3.2.12. . Ac-
cording to ‘"this table, there are the apparent peaks in power spectrum

curve at the period of about half a day and of about one day in the vari-
ation of tldal currents at each site,

The- IOngrterm'per10d1c1ty_of tldal currents was analyzed using average
movement of tidal currents over a 25-hour period. The summary of the
ana1y31s results are shown in Table 3.2.13.

Furthefmore advance vector charts were drawn using the average movement
over a 25 hour period. ‘According to the stream path on these charts, the
above mentioned long-term periodic tidal currents were reconfirmed.
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Table 8.2.12: Dominant Cycle Period of Tidal Currents
in Third Field Survey.

Site TR N T T TR (R A A T 1 O I < I
12.2{ 12.2] 12.4| 12.2] 12.4) 12:0) 12.4) 12.4
23.9| 25.8| 24.8] 23.9| 2.8{ 2.3 8.1 N8

Period (h)

Table 3.2.13: Anaiyéis Reshlts by Average Movement of
Tidal Currents in Third Field=8urvey‘ g

Site . ' Hydrographlc Condltlons

1 Frequency of NE-SE currents was rather 1n excess and the current
speed was slow during the whole perlod

7 Frequency of E currents was vergcmuch during the whole perlod
The current speed of less than n/s was very ‘much.

g Frequency of N-E currents was so much during the vhole perlod
The current speed was - slow level of a few en/s.

15 Frequency of S-S¥ currents was rather in excess,
The current speed was varied within the range of 0—10cdm/s

19 Frequency of SE direction from the open sea to the 1nter10r
of channel or NW direction was very much during the whole period.

20 The ESE direction parallel to. the channel was domlnant during

the whole period.
The current speed was almost more than lﬂcm/s

21 Frequency of SY direction from the 1nter10r of channel to the
open sea was more during the whole perlod I

23 The N direction was almost most durlng the whole perlod
The current speed was about 20cm/s. durlng most raold stream B

period.

e) Analysis on Tidal Currents D1str1but)0n

Diffusion coefficients were calculated from the observed data which were
obtained through excluding the current components of longer perlods' than
12 hours. These calculation results are shown in Table 3. 2 14

According to this table, the dlfoSlOﬂ coeff1c1ent in the maln dxrectlon
is in the range of 2.2 % 10% to 3.6 x 10° cf /s and the minimum and the
maximum is respectively shown at Site 1 near the sea water 1ntake facili-
ties of Umm Al Nar Station and at Site 23. The diffusion coeff1c1ent in
subnormal direction is at a level of 10° to 10* o /s. -

— 108 —



Table 3.2.14: Diffusion Coefficient of Tidal
Currents in Thlrd Field Survey

o I Cogponeht of ] Component, of B
- Site Main Direction Main Direction Subnermal Direction

_ : (deg) (cm? /s) (em® /s
1 62 2.2%10°% 2.7X10*
T 285 1.5X10° 4.9%103
9 282 1.0x105° 3.8%10°
15 17 3.3%X10? 2.2x10*
19 310 1.1x108 3.1X10°
20 203 1.9x10° 5.0x10°
U 85 - g.4%10 5.1%10°
23 356 3.6x108 Laxur

'tv) Sﬁm‘rﬁar'v_ SRR

1) The. marine field around the Abu Dhabi Ysland can be classified into

the following 3 zones from the aspect of tidal current:
Strbng Current Zone

Because - of the geographical factor that Baghal Channel and Bateen

Channel have the features of shallow water depth and narrow channel

width 1espect1vely, tidal current speed was high in both channels and
it reached 90 to 100 cm/s at the strongest current time. Tidal current
dlrect1on was parallel to the channel.

M1ddle Current Zone

: About 8 km offshore of the Abu Dhabi Island, fhere was no dominant

2)

5

CUrrent directlon However, it is likely that its tidal currents 'were
re61procat1ng parallel to the ‘seashore, namely, NE-ward or SW-ward.

The {requency of a current speed of 10 to 20 cm/s were more than 704

Weak gurrent ZOnc

At Site 1 near the sea water intake facilities of Umm Al Nar Station,
the current speed was very low and the frequency of zero to 10 cm/s
was more than '80% . There was no dominant currents direction.

Régérding"the'cufrént component, the semi-diurnal periodicity and the
diurnal periodicity were apparently observed at each site and their
varxatlon cerreeponded well tc var;atlon of tidal level.

Accofdlng tb the harmon:c analysis results, the tidal types were
mixed type at all sites except of fshore Site 15 of which tidal type
was diurnal _type almost similar to the mixed type observed in the
summer survey.
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4) According to the prediction. results of current, it takes 5 to. 7 hours
to become the strongest ebb current which streams offshore after the
tidal level of Mina Zaved reaches H.H.W.L. It is likely that it was

~early at Site 15 and at the sites in Baghal Channel, ‘and that it was’
late at the sites in Bateen Channel and at Slte 1 in the 1nter10r of

the lagoon.

On the other hand, the time of the btrongest flood current which
streams inshore was 2 hours before to 1 hour after B W. L. “at all
sites, except offshore Site 15, where it was 12 to 13 hours after
H H WL at Mina Zayed. It is likely that it was early. in Baghal
Channel and that it was late in Bateen Channel and in the interior of

the lagoon.

5) The observations of the third field survey in ‘winter were - aimost
similar to those of the second field survey in summer. ' .
Currents of observation area were subject to rise and fall force' of
tidal level. In the channels around the Abu Dhabi Island, rapid reci-
procating currents parallel to the channels were dominant. Around. the
intake of Umm Al Nar Station, current speed was rather slow according
to the geographical characteristics that location of the intake was
far from main strong currents. :

3.2.2 Horizontal Observation by Current Drag
(1) Purpose

The purpose of hor1zontal observat10n by current drag is to clar1fy the
horizontal characteristics of tidal currents around the Abu Dhabi Island.

(2) Observation Location

The observation by current drag was conducted in Bag531 Chahnei, Béteen
channel - and the south basin near the sea water intake facilities of : Umm
Al Nar Station during the flood and ebb tide periods so that the Lagxange
stream around the Abu Dhabi Island could be ascertaxned generally

(3) Date of Observation

1) Second Field Survey

# Flood tide period on October.lo, 1988
% Ebb tide period on October 11, 1988

2) Third Field Survey

% Ebb tide period on Febfuary 1, ‘1989
#* Flood tide period on February 7, 1989
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(4) Method of Observation

The . current drag as shown in Fig, 3.2.20 was traced by observation boat
and the distance moved and direction were determined sometimes. Observa-
tion laycrs were the 2 layers of 2 m and 7 m below the sea surface.

 Buoy

/

&

Current. Drag

Sinker

Fig. 3.2.20: Sketch of Current Drag
(5) Results of Observations

- The bbsérvatidn feSuIts_of current drag are.éhown in”Figs. 3.2.21(1) to
3.2.21(4) .. :

1) Flood TideiPeriod on Octbber 10, 1988 in Second Field Survey

Accordlng o the resuits, the current drag moved inshore along the chan-
nel toward the interior of the lagoon w1th a speed of 25 to 68 cm/s at
Sites 1, 2 and 3 in Baghal Channel, with a speed of 49 cm/s at Site 7 and
with the speed.Of 27 rm/s at.Site 8'in Bateen Channel respectively.

It moved SW ward w1th a qpeed of 29 em/s at Site 5 in the interior of the
lagoon - and moved S-ward thh a speed of 45 to 65 cm/s at Site 6. It moved
E-ward along "the protectlon shore of Umm Al Nar Station with the low
speed ‘of ‘about 10 cm/s at Slte 4 near the sca water intake of Umm Al Nar
Station. LT

%) Ebb Tide 'Pé'ri'od'éri '{)cto_b-er 11, 1988 in Second Field Survey
The current drag moved: offehore at Site 1 in Baghal Channel and at Site

10_ in Bateen Channel, but it still moved inshore in a similar direction
to the flood tide period.
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| Flood Tide Period on 10th October 1989

Fig. 3.2.21(1): Tracing Results of Current Drag Movement
in Second Field Survey (Flood Tjde Period)

Ebb Tide Period on 11th Gctober 1988

Fig, 3.2.21(2): Tracing Results of CUrrent bra§ M6§eﬁeﬁtP5
in Second Field Survey (Ebb Tide Periqd)
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3) Ebb Tide Period on February 1, 1989 in Third Field Survey

The current drag moved offshore respectively at a speed of 32 to 63 cm/s
at Site 1 and-at Site 2 in Baghal Channel and at a speed of 23 to 56 cm/s
at Site 9 and at Site 10 in Bateen Channel. Also it moved N-ward at a
speed of 10 to-42 cm/s at-Site 4 in the interior of the lagoon and S-ward
at .a - speed of 29 cm/s at Site 6. It moved W-ward along the protection
shore at a speed of 11 to 20 cm/s at Slte 5 near the sea water intake of
Umm Al Nar Station.

Ebb Tide Period on st Fcbrtkﬁ‘y 1939

Flg 3.2 .21(3): Tracing Resuits of Current Drag Movement
in Third Field Survey (Ebb Tide Period)

4) Flood Tide Period on February 7, 1989 in Third Field Survey

The . .current  drag moved'inshore'toward_the interior of the lagoon at a
speed of 35 to 67 cm/s at Site 1, Site 2 and Site 3 in Baghal Channel and

- Site. 11 in Bateen Channel, and also it moved toward the brine dis-
charge  facilities ‘of. Unm AI Nar Station at a speed of 44 to 58 cm/s at
Site. 4 and Site 5 in the interior of the lagoon and moved $-ward at a
speed of 42 to 46. em/s at Site 6 and Site 7.

It moved ?W ward and SE. ward at Slte 9 ~and blte 10 on the south side of
the lagoon respectively. It moved E- ward along the preotection shore at a
speed. of 17 cm/s at Site 8 near the sea water intake of Umm Al Nar
Station. T ' :
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Flood Tide Peried on Tth February 1932

e

=

-~
~ —dg

Fig. 3.2.21(4): Tracing_ReSuIts Of.Current:Drag Movement
in Third Field Survey (Flood Tide Period)

{(6) Summary

1

2)

4)

The current drag moved inshore toward the interior of the lagoon ;at
a speed of 20 to 70 cm/s in Baghal Channel and Bateen Channel during
the flood tide perlod and also moved offshore during the ebb tlde

period.

Near the sea water intake of lUmm Al Nar Station, the  current drag
moved E-ward and W-ward respectively along the protectlonILSHdrE--of
Umm Al Nar Station at the low speed of about 10 cm/s dur1ng the flood
tide period and during the ebb tide per10d S

The current drag observation results of Lagrange’s measurement were
similar to the consecutive anchored tidal current obgervations -of
Euler’ s measurement. ' :

The observations of the third field survey in W1nter were sxmllar to
those of the second field survey in summer. . -
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3.2.3 Results of Vertical Profile Observation of Tidal Currents

(1) Purpose

The purpose of vertical profile observation of tidal currents is to cla-
rify - the vertical distribution characteristics of tidal currents around
the Abu Dhabi Island and near the sea water intake of Umm Al Nar Station.
(2) Observation Location

The bbservation-_locations are shown in Fig. 3.2.22. 9 locations were’
selected as sites so: that the tidal current conditions near the sea water

intake could be clarified in detail.

13 locations wefe.sélectéd_so that'the'coﬁditions in the sea around the
Abu Dhabi- Island could be generally understood.

G

Fig. 3.2.22: Location of Vertical Profile Observation of Tidal Currents
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(3) Date of Observation
1) Second Field Survey

« Ebb tide period on October 25, 1988
# Flood tide period on October 26, 1988

2) Third Field Survey

« Ebb tide period on February 2, 1989
% Flood tide period on February 8, 1989

(4) Method of Observation

The tidal current observation was- conducted simultaneously with ‘those of
water temperature and salinity. -Three layers. of upper {0, 3. below" sea
surface), middle (3.0 m below sea surface) and lower (1.0 m above sea
hottom) were studied using the direct-reading electric current meter of a
CM-2 type as shown in Fig. 3.2.23.

Fig, 3.2.23: Sketch of Vertical-Prbfileiﬂbservatién Qf‘Tidai éurféﬁts
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5 ) Resultq of Obserthxons

The site cIasqiflcation accordlng to the range among all layers in cur-
rent dltectxon ‘and speed is shown in Table 3.2.15(1).

1) Ebb Tide Period on October 25, 1988 in Second Field Survey

According * to’ Table '3.2.15 (1), ranges greate: than 90 degrees in the
current dlYELthn were shown respectively at Site 1-I, Site 3, Site 16,
and Site 25. In addition to the large direction range, the range in cur-
rent speed was higher than 20 cm/s, in particular, at Site 1-I and Site
25 and so it seems, that the stream of the upper layer wag different from
those of the middle and lower layers at both the sites. At the other
sites, the .streams advanced almost offshore from the interior of the
lagoon and parallel to the channel at all the layers.

Regarding the neighborhood of the sea water intake facilities of Umm - Al
Nar ‘Station, the dominant streams were those toward the intakes at Site
1-A, - Site 1-B and Site 1-C, and those W-ward along the protection shore
‘of Umm Al Nar: Station at the other sites. "The streams of the lower laver
were faster than those of the upper 1ayer at Site 1-B.

At offshore S1te 15, the streams were NW ward to N-ward in the upper
layer, but the current speed was zero cm/s in the lower layer. :

Table 3.2.15 (1)' Site Cla381f1cat10n According to Range among Layers
o S in Current Direction and Speed
(Ebb Tide Period on October 25, 1988)

Range of Current Speed
. o _ LWemls =20cn/s
Range of <Y0deg. | 1~ 1»0,1 -§,1-6,1-4,4,8, | 1-8,1-D,1-F,5,6,7
1 Direction 12, 5,19,20 24
200deg, {3,168 1-1,%5
| ) S

2) Fiood Tide Period on October 26, 1988 in Second Field Survey

Accord1ng to Table 3.2 15(2) ‘rapges. greater than 90 degrees in the  cur-
rent direction were shown at Site 1-1 and Site 3 and the current direc-
‘tions of the upper layer and the lower layer were mutually in opposite
directions at . the sites. At the sites in both the channels, the tidal
currents were almost uniform in all the layers and the current direction
was in the opposite direction to. that during the ebb tide period, that is
to say, it was inshore current and almost parallel to the channel.
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Regarding - the neighborhood of the sea water intake facilities of Umm Al
Nar Station, the dominant streams were similar to those during the ebb
tide period, namely those toward the intakes, at Site 1-4, Site 1-B and
Site 1-C near the intakes, and were opposite to those during the ebb tide
pericd, namely those E-ward along the protection shore of Umm Al Nar
Station, at the other sites, : -

At offshore Site 15, the S-ward streams were dominant in all the layers
and the ecurrent speed was 12 to 18 cm/s.

Table 3.2.15(2): Site Classification Accordang to Range among Layers

in Current Divéction and Speed
(Flood Tide Period on (ctober 26, 1988}

Range of Current Speed |
<Uem/s - | _ >20cm/s

-D,I-E,1-F,1-G,1- H 1-4,1-8,7,8,12,18,20,25 |
15,16,24 : .

r;iange of <80deg.. | 1-C, 1~
Direction 4,5,8,
1-I

=90deg.

5.1

3) Ebb Tide Period on February 2, 1989 in:Third Fiéld Surﬁey

According to Table 3.2, 15(3), the sites in which the range was greater
than 90 degrees in current direction, and more. than 20 cm/s ‘in current
speed, were Site 6, Site 20, and Site 25. The streams.in - the channels
were parallel to the <channels and their directions were inshore toward
the interior of the lagoon at Site 16, Site 19 and Site 20  in Bateen
Channel, and offshore from the znterzor at Site 7 and S1te 9 in Baghal
Channel respectively. ' . : o

Regarding the neighborhood of the sea water intake facilities of Umm Al
Nar Station, the dominant streams were those toward the intakes at - Site
1-A, Site 1-B and Site 1-C, and those W-ward along the protection shore
of Umm Al Nar Station at the other sites. The streams of the lower layer
were faster than those of the upper layer at Site 1-B. - :
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Table 3.2.15(3): Site Classification According to Range among Layers
- in Cutrent Direction and Speed
"(Ebb Tide Period on February 2, 1989)

Range of Current Speed
R <onfs Zen/s
Range of <80deg. | 1-A,1-B, 1-C, 1-D, 1-K, 1-G, | 1-F,3,5,7, 15,19,
Direction { - ' -i,1- ,9,12 16’
| 290des. | 24 e, o

4) Flood Tide Period on February 8, 1989 in Third Field Survey

According to Table 3.2.15(4), the sites in which the range was greater
than 90 degrees in current direction were Site 3 and Site 19. At the
othel sites’in the channels, ‘the ‘tidal currents were almost uniform in
all - the layers at each site, and the current direction in the channels
was inshore toward the 1ntellor of the lagoon from fo]ng and almost
parallel to the channel

Regard;ng the ne1ghb01hood of the sea water 1ntake facxllt1es of Umm Al
Nar Station, the dominant streams were those toward the intakes at Site
1-A, Site 1-B and Site'1-C amnd were apposite to those during the ebb tide
period, namely E-ward and almost parallel to the shore protecting embank-
ment of Umm Al Nar Station, at the other sites. At offshore Site 15, the
- streams were S-ward in all the layers and the current speed was 6 to 18
cm/s. :

Table 3.2;15(4): Site_ClasSEfication According to Range among Layers
in Current Direction and Speed '
(Flood Tide Period on February 9, 1989)

B ~ Range of Current Speed
. o . o <Uew/s - Z20cn/s
Range of <80deg | 1-A,1-B,1-C, 1-D,1-E,1-F, | 1-1,6,7,9,20,25
Direction o 1215, 16,20

Z9%0deg. 119 3
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(6) Summary

1)

2)

4)

In Baghal Channel and Bateen Channel, the streams were almost uniform
in all the layers at each site during both the flood tide period and
the ebb tide period. The very strong current speed of 50 to 100 cem/s
were observed sometimes. Co o

Near the sea water intake of Umm Al Nar Station, the dominant streams
wvere those toward the intakes at Site 1-A, Site 1B and Site 1-C- and
the current speed (20 to 40 cm/s) of the ‘lower layer ‘was higher
compared with the upper layer. ' : : :

At the other sites. a little away from the sea water intake facilities
of Umm Al Nar Station, the stream conditions in all the layers were
similar to the consecutive observations where the streams along the
shore protecting embankment of Umm Al Nar Station were respectively E-
ward during the flood tide period and W-ward during the ebb ‘tide
period. S - L e e

" Near the north of the oﬁtfall of Umm Al Nar:Staﬁion;'theuraﬁgeﬁof' the‘

current in all the layers was relatively large, and during the . flood
tide period, the stream at upper layer was toward the outfall, and the
streams in middle and lower layers were opposite to that, namely N¥-.
ward. During the ebb tide period, the streams in all of the layers
were N-ward stveams. ' o - C

The observations of the third field survey_in winter wefe-similar to
those of the second field survey in. summer, ' '
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3.3 Tidal Level-
.(1) Purpose

The statistical characteristics of tides will be clarified by the conti-
nuous_'observations of tidal level at typical locations around the Abu
Dhabi TIsland and also will be used as boundary parameters in the numeri-
cal calculation of oil dispersion. -

) Obsefvation L0cation

The observation locations are shown in Fig. 3.3.1. One location inside
the lagoon ‘(Umm Al Nar)--and two locations near the entrance of the chan-
nels (Mina Zayed and Public Marina) were selected as obseérvation sites so
that the characteristics of tides in the sea around the Abu Dhabi Island
could be ascertained generally.

Arabian Gulf

- S
= Gpn AL Nor

(oo ksl

X PR Stati =
_"’\;{‘{fé'l{%‘(&

“aRelinoryy .

'. : : < g\gu\ Chabl Isia -
._PUblic_ Harina 3 _ TR R

Y - - g

1 2 3 4 5ke
[ S WSS S LR

© Fig. 3.3.1: Observation Location of Tidal Level
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(3) Duration of Observations
The durations of observation at each site were as follows:
1) Second Field Survey
« Site 1 (Umm Al Nar).  October 3, 1988 to November 8, 1988
# Site 10 (Mina Zayed) October 1, 1988 to November 8, 1988
% Site 18 (Public Marina) September 28, 1988 to November 8, 1988
2) Third Field Survey |
% Site 1 (Umm Al Nar). - November 8, 1988 to Pebruary 28, 1989
% Site 10 (Mina Zayed) November 8, 1988 to February 27, 1989
# Site 18 (Public Marina) November 8, 1988 to February 27, 1989
(4) Method of Q(bservation - '
The observations of tidal level were conducted using the loﬁg-térm self-

recording - tide gauges of a water pressure type. A sketch of the tide
gauge installed is shown in Fig. 3.3.2. :

b ti Ht/d—gﬂecod
servatio Taer
__ra ..I'i U ..
777777777777
AV i .
i
7
Water Level Detector yhs:g.'_
Y
/
/

Fig. 3.3.2: Sketch of Tide Gauge Installation .
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5 Arrangement and Analysis of Observation Results

The ha:monnc constants of each site were calculated from ihe hourly tidal
~level (cm) given with value over ACD {Admiralty Chart Datum) by harmonic
analysis.  Method of harmonic analysis is described in 2. 3.

'(65'Observatidn'Résults

The variatidh of tidal level s showﬁ in Figs. 3.3.3(1) to 3.3.3(3) as
tidal curve. The symbols in this flgure express respectively the follow-
ing items: -

: New Moon

;. First Quarter
: Full Moon

: Last Quarter

QO®e

The time of new moon or full 'moon is the spring tide period, and the time
of first quarter or last quarter is the neap tide period.

‘According to Figs. 3.3 3(1) to 3.3.3(3), the tidal levels of 3 sites
showed a very similar tendency to one another. That is to say, the vari-
ation of - tidal level showed pr1nc1pally the semi-diurnal periodicity, but
the diurnal’ ineguality, which expresses the phenomena that the tidal
levels of successive high or successive low tide and the time interval of
successive high or successive low tide are not stable, was freqguently
recorded. E : _ : '
Because - both the sun and the moon were located on  the same side of
equator at. the time of the new moon and of the full moon in October, the
diurnal 1nequalzty was especially small and the range of semi-diurnal
tides were almost egqual in a day during the spring _t1de period in
October. On the other hand, because the moon was located near the
tropics,_ the diurnal inequality was large at the time of first quarter
and last quarter in October. ' :

Because both ~the sun and the moon were located near the - tropics, the
diurnal inequality was large at the time of new moon and full moon in
December, . On the  other hand, because the moon was located near the
equator, . the dlurnai-iﬁequality was small at the time of {irst quarter
and last quarter in December.
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The hdrmonlc ana1y31s results are as shown in Table 3.3.1. According fto
this table, the 4 main component tides of My, S;, K, and 0, as described
in 2. 3 oceupied the 1drge1 part of all amp11tudes at the 3 sites.

The serii - d1urna1 component tide sum- (M2 + §,} was respectively 53. 4 cm at
Site 1-1, 55.0 cm at Site 1-2, 45.7 cm at Site 10 and 43.0 cm at Site 18.
The diurnal component tlde sum was respectively 60.0 cm at Site 1-1, 58.3
cm at Site 1 2, 60.2 cm at Slte 10 and 55.8 cm at Site 18,

' Table 3.3.1: HarmOnlc ‘Constants Table of Tides

o Site -1 12 10 - 18
Component p | Amp Ph. | Awp. h dmp Ph
Tide (em) | (deg){ f(em): | (deg) | (cm) | (deg){ (cm) | (deg)

Q; 2.1 159 ] 3.8 194 28| 181] 251 167
218 1 151 )} 2006 188 | 22.7 ) 146 | 198 | 153
x, 82| 188 | 37| 192 | 375 ] 186 | 36.0 | 170
MUa 3.0 176 2.5 191-] 2.2 1 141-{ 1.8 184
N2 6.4 83 | 7.1 78| 538 57 | 5.4 56
. 37.7 74 | 38.1 75 | 33.6 50 | 30.8 61
" La 2.1 1 18] 1.5 41| 1.8 58 | 1.4 81
gy 15.7 1 79 ] 188 ] 120 | 12.1 73] 12.2 87
Mg 1.4 g1 071 1 0861 1801 0.3 31
KSe 0.6 3| 1.9 431 051 9281 05 38
Py 127 18 1251 192 | 125 1881 12.0 | 1%
N2 .21 831 1.4 7% | 1.1 57 | 1.1 56
Kz 43 79| 52| 120 | 3.3 731 3.3 87
Vo 132cm 127em - 135¢m 135cm

Remarks : Duration of Analysis '
Site 1-1  Jid October 1988  ~ 27th November 1988
Site 1-2  25th December 1988 ~ 28th February 1989
Site 10 ist October 1988 ~ Z7th February 1989
Site 18 Ist Qctober 1988 ~ 27th February 1989

The F values which were caIculated by the following equation are shown in
Table 3.3.2.
F:'Claséificétion function of tidal tﬁpes
L= (K 0, )/ ¢ S)

Accordlhg””to thxs.table; the range of F is 1.06 to 1.32. Therefore, the

tidal types are the mixed tidal type (Site 1) and the diurnal type (Site
10 and Slte 18). , .

The ‘time of h1gher hlgh water fevel at Site 1 and Site 18 delayed as
compares with that at Site 10 as shown in Figs. 3.3.4 and 3.3.5.
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Table 3.3.2: Value of Class.ification Function of Trida_llTypes

Nonhat momc Constants :
Site b— ——

Myt S K, + 0, | Value -
{ca/s) Aem/s)
RETREEY 6.0 | L1z |
1-2 5.0 58.3 | 1.06
10 5.7 | 60.2 | 1.32
18 43.0 55.8 130 |

(ct) Neap Tide Period (18th October 1988)
L T S A O A S O R I T

225
200§ !
175
150}
125) -
100f !
75 _
50 ' ] .....

ACD+ 0~ : :

Tidal Level

Notes :

' e Site 1
m Site 10
A Site 18

i

T T T Tme(h)

Fig. 3.3.4: Typical Daily Profile of Tidal Level
during Neap Tlde Perlod |

(‘”") Sprmg Tlde Perlod (25th October' 1988)

2as| -
2001
1751 4
1501 -
125
100
75
50 :
AD+04 6 iz 18 73 Tive (h)
Fig. 3.3.5: Typical Daily Profile of Tidal Level
during Spring Txde Period

Tidal Level
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(G) Sunmary

1)

2)

3)

4)

5) "

“The tldal levels of . the three sites showed a very similar tendency to

one another. That is to say, the variation of the tidal level showed

"pr;nc1pally the semi-diurnal pericdicity. But wnot only the diurnal

snequallty but alsu tht apparent diurnal periodicity was recorded.

Acco;ding to the ha:monlc analysis results, the four main component
tides of M; ;S; , K, and 0, occupied the larger part of all amplitudes
at the three sites and the sum of the four main component tides was
about 100 cm/s :

The value of clasSification fﬂnc;ion of tidal types was respectively
1.09 ‘at Umm Al Nar, 1.33 at Mina Zayed and 1.30 at Public Marina and
therefore, the tidal types are the mixed tidal type.

The__éveragé high_watef interval was respectively 15 h 33 min at Mina
Zayed, 15 h 44 min at Umm Al Nar, and 15 hour 14 min at Public Marina.

-Accordingly the time of higher high water level at Umm Al Nar and at

Public Marina were respectlvely delayed 32 min or 14 min as compared

%w1th that at Mina Zayed.

'Accordlng to -the 0bservat10ns during the five month period, the aver-
“age -water level at Man Zayed was higher than that at Umm Al Nar by

about_chm
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3.4 Water Temperature

3.4.1 Long-Term Observation

{1) Purpose

The purpose of long-term observation Qf'Water temﬁerature is to clarify
the vertical distribution and the long-tferm tendency of water temperature
nearby the sea water intake facilities of Umm Al Nar Station.

{2} Observation Location

The observation location is shown in Fig. 3.4.1.

(3) Duration of Observation

September 28, 1988 to February 25, 1989

ablan Guif

Fig. 3.4.1: Location of Long-term Observation of Water Temperature
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(4) Method of Observation

The . long-term observation of water temperature was conducted wusing a
self-recording water thermometer of the PR-2 type. The observed layers
were ten layers each 0.5 m from 0.5 m to 5.0 m below the sea surface. A
sketch of the self-recording water thermometer installed is shown in Fig.

3.4.2.

Yallow {(2s 1F)

Wator Termomater

Lisht
Keisht Zm

Buoy -

Sansor Buovw

The ssa surface
.Y SO

==

_“hﬂ;\xhn

TR

The ses bottom

Ch&}n:
Fig.'3.4f2} Sketéh of Installation of Water Thermometer
(5) Results of Observétions

The wvariation of  water temperature is shown in Figs. 3.4.3{(1) to
3.4.3(3). According to these figures; the variation of water temperature
showed almost the same trend in all the layers, and the vertical range of
water temperature was very small'during the whole observation period.

The monthly water temperature -are shown in Table 3.4. 1. Accerding to. this
table, the monthly average water temperature showed a maximum of 31.1 °C
in - October, 1988 and then continued gradually dropping. The temperature
showed a m1n1mum of 18.8. %3 in January, 1989 and then staried rising in
Febluary, 1989 '
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Table 3.4.1: Monthly Water Temperature near Umm Al Nar Station Intake

B Yoar 1988 1989
¥onth : - :
Parameter October | November | December | January February
Max. Temp. (*C) 3.4 30.9 25.0 21.8 23.6
Hin. Temp. (C) 29.4 3.8 | 2.0 16.9 17.6
Ave. Temp. () | 31.1 27.3 23.4 18.8 19.9

The -relatxous ‘between. water temperature and fidal level are as shown in
Fig. 3.4.4. According to this figure, diurnal or semi-diurnal variation
was shown distinctly in the variation of the temperature, and the varia-
tion of the temperature carresponded relatively well to the tidal level

That is to say, 1t is llkely that the temperature was hlgh from the flood
tide period to the high tide perlod and was low from. the ebb t1de period
to the low t1de perlod

' LY
~
o
~ a2t -
o 1w N
‘ ¥
5 g A
. a1 . )
L{ .
g' 30
&=
8 20}
@
=
28 S N - .l_Ll..l.lI-A A s L 2 g Aot B2 g a3 Mok bt R A Eded L A ek & ada gl r o a s 3 X voan aa oo g bl b 2 2 5
10713 14 15 18 17, 18 t3 20 2 22 2 24 25 6 27 Dat
_ Ocuﬁmr E%B
,3 Aem) .
¢ 250 :
_3 200
150 '
o 100 .
3 50 ' :
E-‘AGD"O“‘ 1.1 .13 L T T | 3.1 % TP 11 LI 31 I [ i i A | I I | LI
0713 - Y ] is ig 17 4 2 0 2 i 3 L3 25 28 ar Dat

Remarks :
: =Location-—-»Site 1 Near Umn Al Nar Station

F1g 3 4 4: Relatlons between Tidal Level and
Water Temperature at Site 1
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Furthermore, the periodicity of water temperature variation was studied
by the time series analysis method. :

Leading series : Average movement over a one hour perxod

TrLEAD added to data of water temperature éach 30 minute
Seasonal series: Average movement over a month period

Tsrason added to Treap
Middle series: Average movement over a 25 hour pe11od

TuminnLe added toTreap— T'sEason
Daily series: TLeap— Tseason— TMippLe

Tnay

The above mentioned Trean, Tseason, TviopLe and Toay are shown inI-Figs.
3.4.5 (1) to 3.4.5 (3). According to this figure, the feature of each
series is as follows : :

1) Tseason (Var1at1on component of a per1od more. than a month)

Because  of the short observatlon”perlod; the seasonal varlation was
not grasped. Nevertheless, it is thought that the vertical .range of
temperature was very small and that the seasonal variation of tempe-
rature occurred simultaneously in all the layers. Tsreason showed the
maximum of about 30 °C in October, 1988 and the minimom of about 19°°C
in January, 1989, ' : o

2) Tapre (Variation component of a period between a day'dndza'ﬁonth)'

TwuminpLe component showed a periodic var1at10n of several days.'
3) Tpay (variation component of a period’ less than a day)

According to the variation of Toavy Component the water temperature
varied in the range of 1 to 2 %3 in about a one day period.
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(6) Summary

1) The vertical range of water temperature was very small during the
whole observation period and the variation of the temperature showed
almost the same trend in all the whole layers.

2) The maximum during the whole observation period the monthly  average
of 31.1 °C and the monthly maximum of 34.4 °C  was recorded in Octo-
ber 1988 and the minimum the monthly average of . 18.8 °C  and the
monthly minimum of 16.9 °C was recorded in January 1989. Then the
temperature started rising in February 1989.

3) The diurnal variation was distinctly shown in the témperature and the
temperature varied in the range of 1 to 2 °C in a one day period.

As mentioned above, the variation of the water temperature nearby the sea
water intake facilities of Umm Al Nar Station had the characteristics of
long-term variation, in that the temperature continued gradually dropping
since October and showed the minimum in January, intermediate variation’
of a period of several days, and furthermore of dlqtznctly short-term
variation of the diurnal period. : : B -
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3. 4 2 Lonsecutlve Anchored Observation of Water Tempexature
(1) Purpose

The purpose of consecutive observation of water temperature is to clarify
the conditions of the water temperatu:e in typical locations around Abu
Dhabi, :

(Z)VObservation Location

The locatlons of consecutlve observat1on of water temperature are shown
in b1g 3.2. 1.

(3) Duxatlon of Obsexvatlon
The duration_of'obServation'at each site is as follows:
1) Second Field Survey

# Site 1  September. 26 to November: 1, 1988
% Site- 7 ~October 15 to October 31, 1988
* Site 9 September 27 to 31st October 31, 1988
% Site 15 ‘October 8 to November 8, 1988
% Site 19 September 27 to Novemher 1, 1988
* Site 20 September 26 to October 15, 1988
% Site 21 September 26 to October 15, 1988
% Site 23 Gctober 15 to November 1, 1988

2) Thlrd F1eld Survey

S1te_1 January 23't0 February 25, 1989
Site 7  January 24 to Febrvary 11, 1989
Site 9  January 24 to February 26, 1989
Site 15 January 28 to February 28, 1989
‘Site 19 January 23 “to February 25, 1989
Site 20 February 11 to February 26, 1989
Site 21 February 11 to February 26, 1989
Site 23 .January .23 to Februa1y 25, 1989

W K R WX

(4) Method of Observation

rTﬁe consecut1ve observations of water temperature were conducted simul-
taneously w1th those of "tidal currents and salinity using the self-recor-
dlng water thermomete1

(5)'Obscrvat10ns('

1) Second Field Survey

-The vailatlon of the daily average water temperature at the typical sites
is shown in Fig. 3.4.6. The observations of water temperature are tabu-
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lated in Table 3.4.2. According to this table, the temperature at Site 1
was always high compared with the other sites, and the average aver the
whole observation period was more than 31 °C :

The water temperature was respectively 30 to 32 °C at Si te 9, 29 to 31 °C
at Site 7, 29 to 31 °C at Site 19 and 29 to 31 °C at Site 20. The water
temperature at Site 23 was low compared with the other sites, ~and -the
average over the wheole observation-period was less than 36 “C ' '

The water temperdture at offshore Site 15 contmued g:adually dmppmg_
from about 31.5 °C and approached 298.5 °C on November 7, 1988. The water
temperature dropped by about 2 °C over a monthly period. The diurnal ' or
semi -diurnal variation at each site was observed as showu in F1g 3 4 7.

35 ticbeenapeabang save s ennmpeiat -
@
~ 33{ b b ol e b b b e e
R\ |
g 32 . 5. ; : ..:‘..?
b : A
f: . ) -.ﬁ{éﬁ*ﬂir’*wgﬁ-\"’:"_‘ .“:-&-&at%;::t:-m | @ Sitel
'?U’ 30 TR B B ii"l o Sim 9
F g bt - Lil A site'ls
;' & Sige 19
BT 5 10 15 20 25 30 Date
October 1988

Fig. 3.4.6: Daily Average Water Temperature at Typmal Sites
in Second Field Survey’ : .

Table 3.4.2: Water Temperature at Each 'S_i,tes .
in Second Field Survey :

Hax. Hin. tve. | Duration of Observation' = -

Site (°C) () °C)

1 4.1 29.3 311 1st Oct. ~ 30th Oct. 1988

7 32,0 797 30.4 16th Oct. ~ 30th Oct. 1988 |
9 32.9 29.8 30.7 1st Oct. ~ 30th Oct. 1988
15 3.8 79.2 30.4 Sth Oct. ~ 7ch Nov. 1388

19 32.9 79.5 30.4 1st Oct. ~ 30th Oct. 1988
9 37.6 778 30.3 30th Sep. ~ 14th Oct. 1988
21 33.6 28.2 30.3 30th Sep. ~ 14th Oct. 1988

73 30.8 8.5 29.6 16th Oct. ~ 30th Oct. 1988
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Neap Tids Peviod (18th {ctober 1058) _ _Spring Tide Period (25th October 1288)

33
g1
i B NE I
?: il\-‘Ft’Jb\!"i'%
R .{C’Jt;.’{‘ 1T ‘:"E‘:;’.'j'
g B “"’“-Jf} T
3 B LT
Bo e dr L #® B 0 8 i TR
| 0'0 Neap Tide Périod (18th October 1888) Sprmg Tide Period (25th October 193&) .
g0 _Flood Current I1L Ll : Fiood_()urrent : |
i) . Sl : i - s . ] ! },
=~ a3 e A l".. ¥
g Ly’ a1 1 aPl
v il
-40 ’:’ ¢
_30 e fa oy
LI
W ) "~ \\ .
-100 Ebb Current | b Cucrent
o 6 iz 18 3 o0

o Tine (h)
botes : O Site |, @ Site7, O Site 8,
M Site 15, A S5ite 19, A Site 3

F1g 3. 4 ? Typ1ca1 Prof;le of Water Temperature and
' Current Conditions 'in Second Field Survey

2) Thxzd F1e1d Sulvey

The varlatlon of the dally average water temperature at typical sites 1is
shown in Flg 3. 4, 8 1he water tempetature is tabulated in Table 3.4.3.
According to this table, the water temperature at all of the sites was in
the range of 16. 9 to 23.6 °C, and the average water temperature at all of
the s1tes was. in the -range of 18.7 to 20.1-°C.

The dlurnal and seml d1urnal varlatlun of the water temperature were ob-
served at. each %1te
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& D : ~Site 1
g 18T ‘Site 9
RV L 1 Lol fofd bl & Sike 15
A Site 19
02 1 0 15 0 Date
Januvary 1888 February : ' ' T
Fxg 3.4.8: Daily Average Water Temperatu:e at
" Typical Sites in Third Field Survey
Table 3.4.3: Water femperature at Each blte
in Third Field Survey
Site | Max, Min. | “Ave, Bufatidn of Observation*_ :

¢Cy | O | €O

1 23.6 | 17.7 | 19.6 Jan. 1 to Feb, 23 1989

7 20.1 17.5 18.7 | Jan. .25 to Feb. 8, 1989

9 22.4 17.8 19.7 | Jan. 25 to Feb. 23, 1989
15 1 205 17.7 18.8 | Jan. 29 to Feb. 27, 1989
19 20.8 17.6 18.7 ¢ Jan. 25 to Feb. 23, 1989
20 22.3 18.1 | 20.1 Feb. 11 to Feb. 26, 1989
21 22.8 18.3 | 20.1 | Feb. 11 tl Feb. 26, 1989
23 22.6 16.9 19.4 -} Jan. 25 tp Feb. 23, 1989

(6) Summary

1) The water temperature in the summer survey was - in the range of 217. 6 to
34.1 °C and it tended to be higher near the Umm Al Nar Station in-
takes. Also, the temperature in the winter survey was in the range of
16.9 to 23.6 °C and it tended to be higher near the Umm Al Nar Station
intakes and in the interior of Bateen Channel. Regarding the _average
water temperature, that in the winter survey was to a degree of 10-°C
lower than that in the summer survey. '

2) The diurnal and semi-diurnal variation was shown in the water tempera-

ture and the range of the varidation was 1 to 2 °C in both the channels
and near the Umm Al Nar Station intakes.
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3.4. 3 Vertical Profile Observation of Water Temperature
'(1)'Pur§cse

The purpose of vertical profile observation of water temperature is to
clarify the - vertical distribution of water temperature around the Abu

Dhabi Island and near the sea water intake facilities of Umm Al Nar Sta-
tion. - ‘ -

(2) Observation Location

The observation locations are shown in Fig. 3.4.9. 9 locations were
selected as observation sites so that the vertical distribution of water
temperature near the sea water intake facilities of Umm Al Nar Station
could be ascertained .in detail. 14 locations were selected so that  the
distribution around the Abu Dhabi Island could be ascertained generally.

Arsbian Gulf

*i5

A
PAIF Station

i?Re

=
&
e |

Ja

{in

3
-
'z

il

g
I

7

01 2 3 4 Ska
S S S S S

: Fig..B;é;BE_Lbcation of Vertical ProfiiéIObservation
. - of Water Temperature and Salinity
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(3) Date of Observation
The date of observation is as follows:
1) Second Field Survey

+ Ebb tide period on October 25, 1988
% Flood tide period on October 26, 1988

2) Third Field Survey

% Ebb tide period on February 2, 1989
% Flood tide period on February 8, 1989

(4) Method of Obsérvation

The vertical observation of water temperéture'was conducted simultaneous-
ly with thos¢ of tidal currents and salinity. Three layers (upper, middle
and lower) were observed with a direct-reading electric water thermometer

of the ET-5 type. A sketch of water temperature observation is shown in
Fig. 3.4.10. :

< =
: v

X
¥

HITAHARA-Type
ﬁ Water Sampler

Fig. 3.4.10: Sketch of Vertical Profile Observation of Water Temperature

(5) Results of Observations

The vertical profile of water temperature are és shown in Tablés'3;4.4(1)
to 3.4.4(4). The site classification according to the range in all layers
is shown in Tables 3.4.5(1) to 3.4.5(4). ' SR -

1) Ebb Tide Period on October 25, 1988 in Second Field_Snrvey

According to these tables, the water temperature was in ‘the range of 30.2

to 36.9 °C over the whole observation period and the average

temperature
was 31.2 °C. : :



The vert1cal tempetature range at each site was generally small. However,
the temperature in the middle or lower layers was respectively higher
than that in the upper. layer at Site 3 about 2 km north of the brine
discharge dellltleS of Umm Al Nar Station, and also, relatively large
vertical ranges were seen in. the temperature at the sites in Umm Al Nar
Statlon_ South Basin and at the offshore site. The vertical distribution
of the water temperature was almost uniform at each site except at these
two sites. : -

Table 3.4.4(1): Vertical Profile of Water Temperature
: L _(Ebb Tide Period on October 25, 1988)

Itemiﬂﬁ Maximum Value Minimum Value Average Value—*
lLayer L Q) c) ¢
0.3 | 3.9 (Site 2 3.4 Gite19) | 316
3.0m -] 32.1  (Site 1-1) 30.3  (Site 20) 31.3
Btin 33.2 (Sited) | 30.2 (Site 16) 31.2

Whole | 3.8 302 32

Table'3.4(5(1)_ Site Classification According to Range among Layers in
' ' ¥ater Temperature (Ebb Tide Period on October 25, 1988)

Range of Temperature<C 0.5C - Range of Temperature= 0.5°C
-1-A,1-B, l-C 1-F, 1 -1, 4 5, 7 9 12, |1-D,1-E,1-G,1-H,3,6,15,16,25
Site -
19 20,74

2) Fleod T1de Per1od on 0ctober 26, 1988 in Second Field Survey

The. water: temperature was in the range of 29.9 to 36.8 °C over the whole
observatlon perlod and the average temperature was 31.0 °C.

The 'vert;cal temperature range at each site was generally small and a
range of more than 0. 5 °C was observed only at Site 3 north of the brine
discharge facilities of Umm Al Nar Station. The vertical distribution of
the temperature was almost uniform at each site except Site 3.

‘Table 3.4.4(2): Vertical Profile of Water Temperature
S (Flood Tide Period on October 26, 1988)

] Maximun Value  Minimum Value Average Value |
Layer RO R o tc
03 | 368 Gite?) 30.2  Gite 20) | 313

3.0, | 3.7 (Site25) {  30.0 - (Site 20) 30.9
Belm | BLT (Site ) | 2.8 (Site20) | 30.9
Wole | 368 29.9 3.0 |
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Table 3.4.5(2): Site Classification Accordlng to Range among Layers 1n
Water Temperature :
{Flood Tide Pe.lod on October 26 1988)

Range of Temperature<l 0.5°C Range of Temperaturez 0.5C |
s ' 1-4,1~B,1-C,1-D,1-E, 1-F,1-G,1-H, | 3. R L :

it . o
ne 1-1.4,5,6,1,9,12,15,16,19,20,24,

25

3) Ebb Tide Period on February 2, 1989 in Third Field Survey

‘The water temperature was in the range of 18.4 to 23.6 °C aver the whole
observation period and the average temperature was 19.5 °C.

The vertical temperature range at each site was generally smaII and:-a
range of more than 0.5 °C was observed at four s1tes, and among them ~the
temperature in the lower layer was higher than that in the upper layer
respectively at Site 3, Site 6 and Site 7, north of the brine discharge
facilities of Umm Al Nar Station. '

Table 3.4.4(3): Vertical Profile of Water. Temperature
' (Ebb Tide Per10d on February 2, 1989):

[ Maximum Value Hinimum Value | Average Yalue

Layer (C) C %G_ |

03 3.6 (Site 2) 184 (Site15) | 18.5 . |
3.0n 8.5 (Site 2) 18.4  (Site 15) 9.4
B+ I 2.7 Gite 7) 18.4  (Site 15) |  19.5
¥hole ne | 184 ] 19

Table 3.4.5(3)_ Site Claq81f1cat10n Accordxng to Range among. Layers in
Water Temperature

(Ebb Tide Period on February 2, 1989)

' Range of Temperature< 0.5°C | Range of Temperature= 0.5°C
1-4,1-8,1-C, 1-D, 1-E, 1-F, 1-G, 1-i | 1~I,3,6,7 o o
2,4,5,9,12,15,16,19,20, 24,25

Site
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4) Fiood Tide Period on February 8, 1989 in Third Field Survey

The water temperature was in the range of 17.3 to 20.7 °C over the whole
observation period and the average temperature was 18.2 °C.

The vertical water temperature :ange at each site was generally small and

a’

range ~of more than 0.5 °C was observed at only two sites, and among

them the temperature in- the lower layer was higher than that in the upper
layer at Site 3. :

_Tablé 3.4;4(4): Vértical Profiie of Water Temperature
(Flood Tide Period on February 8, 1989)

o Maximum Value Minimun Value | Average Value |
Layer o ' C ' %Tﬂ
03w 20.7  (Site 2) 17.3  (Site 16) 18.3
~3.0m 2.8  Gite2) | 173 (Site 16) 18.3
Bin 188 Gite %) | 1.4 - (site 16) | 18.2
Whole ~ |  20.7 ) o173 18.2

'Table:3.4,5(4) Site Classaflcataon Accordlng to Range among Layers in
: ¥ater Temperature
(Flcod Tide Period on February 8 1989)

Range of Tgmperature<i 0.5%3 Range of Temperature= 0.57C
1-4,1-8,1-C,1~D,1-E,1-F,1-G,1-1, | 1-H,3
12,4,5.6,7,8,12,15,16,18,20,24,25

'Site

(6} Summary

1) The water temperature range was geﬁehally small both in the sunmer

2)

3)

survey  and in the winter survey. That is to say, the formation of a
thermocline is assumed to be very difficult in the marine area around
the Abu Dhabi Island both due to the shallow water depth and due to
the 1ela¢1yely large current speed at each site.

The water témperature in the middle and the lower layer was likely to

‘be higher than that in the upper layer north of the brine discharge

facilities of Umm Al Nar Statlon

The water . temperature difference in the upper and lower lavers was
small at &1l sites in general. However, there was the tendency for the
water temperature in the middle and lower layers to be 1 to 2 higher

than - that of the upper layer, to the north of the brine discharge
facilities of Umm Al Nar Station.
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3.5 Salinity
3.5. 1 Consecutive Anchored Observation of'Salinity
(1) Purpose

The purpose of consecutive observation:of salinity is ;£0~ clarify  the
conditions of salinity variation in typical locations around the Abu
Dhabi Istand.

(2) Observation Location

The loeations of consecutive observation of salinity are as shown in Fig.
3.2.1. - A

(3} Duration of Observation

The duration of observation at cach site is as follows:

1) Second Field Survey

Site 1  September 26 to November 1, 1988 -
Site 7 October 15 to October 31, 1988
Site 9  September 27 to October 31, 1988
Site 15 October 8 to November 8, 1988
Site 19 September 27 to November 1, 1983
Site 20 September 26 to October 15, 1988
Site 21 September 26 to October. 15, 1988

W X N X W W ¥

2) Third Field Survey

Site 1 January 23 to February 25, 1989

*
* Site 7 January 24 to February 11, 1989
* Site 9 January 24 to February 26, 1989
¥ Site 15 January 28 to February 28, 1989
% Site 19 January 23 to February 25, 1989
% Site 20 February 11 to February 26, 1989
% Site 21 February 11 to February 26, 1989
% Site 23 January 23 to February 25, 1989

(4) Method of Observation

The consecutive observation of salinity Was'Condﬁéted'simultanédu31y.with
those of tidal currents and water temperature using the self-recording
electric conductivity meter. - ' R o
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(5) Results of Observations
1) Second erld Suivey

The varlat1ons f the dally aveiage %allnxty in the typical sites are
shown = in Fig. 3. 5.1. The con%ecut1ve ancho:ed observations of the sali- -
nity are tabuiated 1n “Table 3.5.1. :

According to this table,-the'sallﬁlty'was in the range of 41.42 to 47.22
and the maximum, and minimum were respect1vely recorded at Site ! and at
S1te 15

Regardxng; the average value at each site, the minimum was - recorded at
offshore Site 15, next at Site 9 and Site 19 near entrance in Baghal
Channel - and Bateen Channel, then next at Site 7, Site 20, Site 21 and
Site 23 near the interior of the lagoon, and lastly at Site 1 nearby the
sea water intake facilities of Unm Al Nar Station. That is, the salinity
was,likely-to become higherias one approaches the interior of the lagoon.

The salinity was: always very high, in particular, at Site 1| near the sea
‘water intake facilities of Umm Al Nar Station. The long-term variation of
:sa11n1ty was relatively small at each site, but the short-term variation
of! sallnlty was characterlstlcally large at each site except Site 1 and
Site 15.as shown in Fig. 3.5.2, That is to say, the diurnal or semi-diur-
nal variation within a range of 1 to 2 'was recorded.
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Current Speed  {ca/s)

Table 3.5.1: Tabulation of Salinity at Each Site in Second Field Survey

Site 5%?§. (@Eg.

Ave.

(=)

‘Duration of Observation -

1 47,22 45.13
7 48.50 41.91

g | 45.42 41.47
15 280 | 442

19 | 44.84 42.09
2 46.71 43.45

2 1. 46.37 | 45.00
73 46.90 457

15.71

46,99
44.43

43.14
42.02-.

43.28
44.73

45.33

1 1st Oct. ~ 30th Oct.1988 | -
i 9th Qct. ~ Tth Nov.1988

st Oct. ~ 30th. Oct.1988
16th Gct. ~ 30th Oct.1888

1st Oct. ~ 30th Oct.1988
30th Sep. ~ 14th Oct.1988

30th Sep. ~ l4th Oct.1988 | -

Neap Tida Period (I8th Uctober 1938) -
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2) Ihlxd Fleld Su:vey

The varxatlon of the dally average salinity at typical sites is shown 1in
‘Fig. .:3.5.3. The observations of salinity are tabulated in Table 3.5.2.
Acc01d1ng to this table, the salinity was in the range of 41.38 to 47.21
and the maximum and minimum weie recorded at Site 1 nearby the sea water
intake facilities of Umm Al Nar Station and at offshore Site 15 respec-
tively. : o

_ Regardxng the average value at each slte, ‘the minimum was observed at
Site.15 and the maximum was observed at Site 1 near the sea watex intake
fac111t1es of Umm AI Nar Station. :
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 Fig. 3,5.3:'Variationsﬂof Daily Average Salinity at Typical Sites
= around Abu Dhabi Isiand in Third Field Survey

 Table 3.5.2: Salinity at Each Site in Third Field Survey

;‘éité' : ::Héx; - HKig.  ; Ave Burétién of Observation
jg_:wu,_a(f) Y (f) . : ].( ) - N .
1| 4 | 45.82 46.37 | 25th Jan. ~ 23th Feb.1989
7 1 4688 4385 | 45.58 95th Jan. ~ 8th Feb.1089
g | 412 | 42.81 ] 44.85 | 95th Jan. ~ 23th Feb.1889
15 | 4344 | 4L 4262 | 29th Jan. ~ 27th Feb. 1389
19 | 4584 4320 | 44.03 | %th Jan. ~ 23th Feb.1989
0 .| 4623 | AN 45.34 11th Feb. ~ 26th Feb.1989
2% 46.63 45.41 | .46.08 | 1lth Feb. ~ 26th Peb,1989
73 47.3 a8 | 45082 25th Jan. ~ 23th Feb.1389
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Similarly to the observations in the second field survey, the Jlong-term

variation of salinity was relatively small at each site, but the short-

term variation of salinity was characteristically large at each 'site
except Site 1 and Site 15. That is to say, the diurnal or cgemi -diurnal

variation within a range of 1 to 3 was recorded. o

(6) Summary

1) The salinity in each survey was respectively in the range of 41.42 - to
47.92 in the summer survey, and in the range of 41,38 to 47.21 in . the
winter survey and a salinity of more than 40 was observed during. both
surveys. Regarding the average at each site, that of ‘the  winter
survey was higher to some degree than that of the summer survey. -

2) Regarding the horizontal distribution of the salinity, the lowest
value was recorded at the offshore site, next came the sites in - both
the channels, continuing up to the site nearby the sea ‘water . intake
facilities of Umm Al Nar Station. That is to say, the 'salinity  was
likely to become higher as one approached the interior of the - lagoon,
and in particular, the salinity was always very high near the sea

water intake facilities of Umm Al Nar Station -

3) The diurnal and semi-diurnal variation was shown in.the salinity at

.

the sites except at Site 1 and Site 15, and the variation was in the
range of 1 to 3. '

3.5.2 Vertical Profile Observation of Salinity
(1) Purpose
The purpose of vertical observation of salinity is to clarify the condi-

tions of the vertical distribution of salinity around the Abu Dhabi
Island and near the sea water intake facilities of Umm Al Nar Station.

(2) Observation Location

The observation locations are shown in:Fig.’3;4;7; QNIOéafioﬁéﬁWéfe.séléf :
cted as observation sites so that the vertical distribution of -salinity
near the sea water intake facilities could be ‘ascertained .in detail.. 14

locations were selected so that the distribution around the Abu Dhabi.
Island could be ascertained generally.’ ' ' IR R

(3) Date of Observation
The date of observation is as follows:
1) Second.Field Survey

% Ebb tide period on October 25, 1988
# Flood tide period on October 26, 1988
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2) Thlrd Field Survey

* Ebb tide perlod on Febiuary 2, 1989
. % Flood tide period on February 8, 1989

(4) Method of Observation

The vert1ca1 obse:vat1on of salinity was conducted simultaneously with
those of tidal ciirrents and water temperature. The sea water from three
layers {upper, middle and lower) was sampled with a water sampler of the
Kitahara type and the salinity of the sea water was determined with a
salxnometer A sketch of saliniiy observation is shown in Fig. 3. 5 4.

Reading.Heter
| (]
n
Fﬂ~5emmm
fff!//?/////////?ff

Fig. 3;5.4: Sketch of Vertical Profile Observation of Salinity

(5) Observatlons

The observatlons of salzn1ty are tabulated in Tables 3.5.3(1) to (4). The
site’ c1a331f1cat10n according to the range in all the layers is shown in
Tables 3 5 4(1) to (4)

1) Ebb Tlde Per1od on October 25, 1988 in Second Field Survey

The sa11n1ty was in the range of 41.68 to 48,76 in the whole observations
and the average salinity was 44.60, The vertical salinity range at each
site ' was- generally small and the vertical distribution of the -salinity
was almost unhiform at each site except Site 7. But the salinity in the
lower layer was higher than that in the upper layer at Site 7, 2 km north
of the brine discharge facilities of Unm Al Nar Station.
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Table 3.5.3(1): Vertical Tabulation of Salinity .- _
- {Ebb Tide Period on October 25,°.1988) -

Maximm Value Hinimum Value | Average Value -

Layer (-) | (= | - |
0.3n 18.76  (Site 2) 41,72 Bite 12) | 44.70
3.0m 15.93 (Site 1-B)|  41.68 (Site 12) |  44.55
B+1n 850 (Sited | ALTA  (Site 12) | 44.80

Whole 4878 o aes | 4480

Table 3.5.4(1): Site_Classification According'to Range amohg.Layersrin
Salinity (Ebb Tide Period on October 25, 1938)

Range of Salinity < 0.5 ~ Range of Salinity Z 0.5
1-4,1-8,1-C,1-D, 1-E,1-F, 1-6,1-4, |3,8,15,25
1-1,4,5,7,9,12,16,19,20,24 '

Site

J

2} Flood Tide Period on October 26, 1988 in Second Fieid Survey

The salinity was in the range of 41.59 to 48.31 over the whole observa-
tion period and the average salinity was 44.52. The vertical salinity
range at each site was generally small and the vertical distribution of
the salinity was almost uniform at each site, similar to that of the ebb
tide period. : : : o :

Table 3.5.3(2): Vertical Tabulation of Salinity = °
(Flood Tide Period on Octobei 26, 1988)

LE?YBP Hiff?um Value [ _&%q}mum_Valué | -.._Ilﬁ.rie'r}'_jj%eﬁau._\:)r’!aiue_'_'= -
0.3n 48.31  (Site 2) 41.59 * (Site 12) | = 44.65
3.0n 45.88 (Site 25) | 41.58 - (Site 12) |  44.54

| Btln 45.89  (Site 25) 41.61 (Site12) | 44.81
Whole 48.31 4.8 . 44,52

ed
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Table 3.5.4(2): Site Classification According to Range among Lavers in
T : Salinity (Flood Tide Period on October 26, 1988)

~ Range of Salinity < 0.5 Range of Salinity Z 0.5
1-A,1-B,1-€,1D,1-8, 1-F, 1-6, 10, |3
1~I-,4,5;6,7;9',1_2,15,16,19,20,24,25

Site,

3) Ebb. Tide Per1od on February 2 1989 in Third Field Survey

 The sallnxty was in the range of 42.97 to 48.91 in the whole observations

and - -the average salxnlty was 45.46. The vertical salinity range at each
-site was generally small and the vertlcal distribution of the salinity
was almost uniform at ‘each site except at Site 3, Site 5, Site 6 and Site
7, north of the brine discharge facilities of Umm Al Nar Station,

' Téblé'3.5.3(3): Vertical Tabuiaffon of Salinity
- (Ebb Tide Period on February 2, 1989)

] Haxinun Value " Minigun Value Average Value |
Layer ey ) L)
0.3 8.91 ite?d | 43.03 (ite 15) 45.49
3.00 46.50 (Site 1-D) 42.97  (Site 15) 45.39
CBlm | 4756 (Site ?) 43.20  (Site 15) 45.76
 Whole 43.91 | CoAa2.91 BN

'Tabie'3;5;4(3j:_Site‘ClééSifiéation According to Range among Layers in
E Salinity (Ebb Tide Period on February 2, 19389)

Renge of Salinity < 0.5 |  Range of Salinity 2 0.5
1-4,1-B,1-C,1-D, 1-£, 1-F,1-6,1-H, | 3,5,6,7 |

| site s |
S 11-1,4,9,12,15,18,19,20,24,25

4) Flood Tlde Pe110d on February 8 1989 in Third Field Survey

The sa11n1ty was the range of 42. 99 to 48 67 over the whole observation
perlcd and the average sallnlty was 45. 66, ‘The vertical sai;nlty range at
each site was generally small, and the vertlcal distribution of the sali-
‘nity was almost un1form at each site similar to that of the ebb tide
period.
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Table 3.5.3(4): Vertical Tabulation of Salinity .
(Flood Tide Petiod on Peb:uaxy 8, 1989)

g

Haximum Value Minimun Value | Average Value
Layer (~ . = %
0.3n 18.67  (Site 2) 43.03  (Site 15) 5.1
3.0m 16.31 (Site 28) | 42.99 (Site15) |  45.59
BHln 47.08  (Site 3) 43.06  (Site 15) 4569 |
Whole 18.67 - 42.99 | 45.68

Table 3.5.4(4): Site Clagsification Acco:dlng to Range among Iaye:s 1n
Salinity (Flood Tlde Period on February 8 1989)

~ Range of Salinity < 0.5 ~ Range of Salinity = 0.5
1-A,1-8,1-C,1-D,1-E, 1-F,1-G,1-4, [ 3,9 | |

Site
1~1,4,5,6,7,12,15,16,19,20,74,25

(6) Summary

1y

2)

The minimum sallnlty was recorded at the offshore site and  the
salinity hecame higher as one approached the interior of the lagoon,
The maximum salinity was recorded at Site 2 near the brlne ~discharge
facilities of Umm Al Nar Station.

The vertical sa11n1ty range at each site was generally small both in
the summer survey and in the winter Survey

To the north of the brine discharge fa0111t1es of Umm Al Nar- Station,
the salinity in the middle and lower layers was 11kely to . be hjgher
than that in the upper layer. Also, as shown i 3.4 on -water = tempe-
rature, of the brine discharge fdcilities of Umm Al ‘Nar Statlon,’ the
water temperature in the middle and lower layer was higher by 1 to 2
°C compared to that of the upper layer.. : :

The sea water specific gravity caiculated from the water temperature
and salinity was 1. 028 to 1.034 in the upper layer, 1. 028 to 1:034 -in
the middle layer and 1.029 to 1.034 in the lower layer, respectively.
The specific gravity in the lower layer was to some degree large com-
pared with that in upper and middle layers, but the vertical distri-
pution of the specific gravity was generally unlform from the upper
layer to the lower layer o
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Accordingly, during the flood tide period, the sea water in the upper
- layer -streamed ‘toward the brine discharge facilities of Umm Al Nar
Station and the sea water in the middle and lower layers streamed
- northward opposite to the upper stream, due to the formation of a down
_ stream in the neighborhood of the brine discharge facilities of Umm Al
- Nar Station. That is to say, this phenomenon indicates that the high

temperature  and high salinity discharge from Umm Al Nar Station
streams north while submerging down to the lower layer.
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3.6 Water Quality
(1) Purpose

The purpose of water quality observation is to-clarify the horizontal and
vertical distribution of water quality in the sea around the Abu Dhabi
Island. ' - T L - K
(2) Observation Location

The observation locations are shown in Fig.3.6.1. 9 locations in the  sea
around the Abu Dhabi Island, 2 locations near the sea water intake  faci-
lities of Uum Al Nar Station, and one location near the brine discharge
facilities of Umm Al Nar Station, were selected as observation sites so
that the water quality in the sea around the Abu Dhabi Island could "be

ascertained generally.

»
15 . _Arabian Gulf

Unm Al Far
Station "o

P&l
":’A Relinery
.B X

Fig, 3.6.1: Observation Location of Water Qualify
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(3) Date of Observation
The date of Observation is as follows:
l) ThL Second Tleld Suxvey

% Low t1de DEIIOd on Octcber 2 '1988
E High tide period on October 2, 1988

9) Third Field Survey.
* Ldﬁ:tidé peyiod,onljanuary 31, 1989
% High tide-period-on February 6, 1989
(4) Method of Obsexvatlon

Three layers' (upper, middle and Iower) were observed at each sife and sea
‘water ‘was sampled on an observation boat with a water sampler of the Van
Dorn. type as shown in Flg 3.6.2.

 The metheds of measurement and Lhemlcal analys15 are shown in Table
3.6.1. '

Water temperature, water color and dissolved oxygen were determined at
each and salinity, pH, turbidity, TOC, NH,-N, and oil content were exa-
mined at Material Testing Laboxatoxy in Umm Al Nar Station, after the sea
water was sampled at each site.

b

Secchi Disk | Vater Temperature Sensor

_;-33- - DO Sensor

Water Sempler

Fig. 3.6.2: Sketch offObsafvation of Water Quality
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Table 3,6.1: Method of Measurement and Chemical Analysis -

Parameter Method o FE;E;;;;;;f—'
{ ¥Water Temperature | Measurement with thermister thermometer ; 1;:

Transparency Visual inspection w1th Secchl disk . | 2)

Water Color Comparison with colox of standard solutlon : 2}-- :

Salipity Electric conductivity methed with _ 3

ballnometer _

Hydrogen ion Heasurement w1th glass electrode pH“meter ' 1)

concentration , 5

Dissolved Qxygen | Diaphragm electrode method ' 1)

Turbidity Permeability turbidity '43

Total Organic Infra-red method 1

Carbon

Ammonia-N Indophenol method .23

01] Content | Infra-red method 1

(5) Results

The results of the water quality tests will be studied at first, and then
the marine characteristics around the Abu Dhabi IsIand will be consider-

ed
1} Second Field.Survey

The results of water quality are tabulated in Table 3.6.2. The basic
stable on water quality is shown in Table 3.86. 3. '

(a) Water color

The water color is determined by comparing a reference solution (avail-
able in blue to brown colors) with the color of the water of the sea
surface. The reference solution consists of types No.1 to N0.24.' The

smaller the number the more blue-based the color presented is.

At offshore Site 15, the water color was No.8 or No. 7 both during the 1ow _
tide period and the high tide period. The value of water color  increased’
as one approached deeper into the interior of the lagoon. In partlcular,
in the neighborhood of the sea water intake facilities of Umm Al Nar Sta-
tion, the water color was No.1l, which is of a more turbid color than
those at the ather sites.
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‘Table.3.6.2(1): Analysis Results
' (Low Tide Period

of Water Quality in Second Field Survey
on October 2, 1988)

'_""-163~—~
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Table 3.6.2(2):

Analys:s Results of Water Quality in Second I*1e1d Survey

(High Tide Period on October 2, 1988)
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Table 3.6.3(1):

Ba31c Statistical Table of Water Quality

(iow Txde Period on October 2 1988)
| C Item‘ Sample Max. Hih. uﬁ—mive. -Hjm——ag~5m-~1
Parameter Unit | Number _ _ :
water Color No. 11 8 4.4 1.2
“Trans m | 12 _ 8.5 1.6 2.8 2.9
Temp. C 33 35.9 31.0 32.3 0.9
_ Salinjty - 33 47.18 42.37 44,19 1.63
ol T TR < I I N 8.0 8.1 0.0
Amount  me/Y. 0 33 | 8.4 5.5 5.8 0.2
Saturation % 33 114 96 102 5
Turh deg | 33 3.4 <0.5 0.9 1.0
W meC/1 33 2.7 1.8 2.1 0.2
Nie =N mg/d)l 33 0.017 | <0.001 0.007 0.005
0il - mg/l] 33 . <0.1. 0.1 - 0.1 0.0

Basic Stat1st1ca1 Table of Water Quality

. Table 3.6.3(2):
' . ‘ ' (ngh Tide Period on Octobe1 2, 1988)

- Tten _.Samyle Max Min. hve. 5.0, |
_ Parameter Unit Number '
Vater Color No. | 12 11 6 8.8 1.7
| Trans 3. 12 - 12.0 1.8 3.7 3.6
Temp. < | 33 - 37.1 130.8 32.4 1.1
|Salinity < |3 47.68 4218 44.04 1.68
% - W’ 82 8.0 8.1 0.0
CMmount mg/li . 33 1 6.4 BT 5.9 0.2
Satwration % | 33 115 93 104 5
ATurk . deg |- .33 3.3 ]  <0.5 1.0 1.0
TOC mglC/1| 33 2.7 1.8 2.1 0.3
NHa -N oomg/lt 33 0.075 . 6.002 0.012 0.013
0il mg/1 33 <0.1 <0.1 <0.1 0.0

(h)- Tlansparency

Transpazency 1s ‘one. of the 1nd1ces to show the degree of purity impurity

of sea water,
meter
goes
Darency

out of szght

A whxte disk,

‘the: SO- called ‘Seechi disk,
of 30 cm is. dropped into ‘the sea,. and the depth at which
when viewed from above,
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is referred to as the

which has - a dia-

it just
trans-



At offshore Site 15, the maximum transparency was observed at 14 m (land-
ing on the bottom) during the low tide per10d and 12m during the high
tide period. The transparency decreased as one approached . deeper into
both - Baghal Channel and Bateen Channel. In the neighborhood of  the .sea
water intake facilities of Umm Al Nar Station, the minimum transpaxency
was observed, namely 1.6 m at Site 1-B durlng the low tide peilod and 1. 8
m at Site 1 A during the high tide period. L

(c) Water Temperature

The highest water teamperature was, observed at S1te 2 nearby ‘the brine
discharge facilities of Umm Al Nar Statxon, namely 35.9 °C during the low
tide period and 37.1 °C at ‘the high tide perlod Vertlcally, almost Suni-
form values were recorded at each site. '

{cd) Salinity

At present, the salinity of the sea water is measured in accordance thh'
practical salinity as defined by UNESCO in 1978. This sallnlty is deter-
mined by the electric conductivity ratio and is expressed nondlmeHSIOnal
ly. .
At offshore Site 15, the lowest sallnity leveI was. recorded namely 42, 37
(middle layer) during the low tide period and 42.. 18 {upper layer) during -
the high tide period. The salinity increased as one. advanced further into
Baghal Channel and Bateen Channel, showing the highest value (a 1eve1 of
47) near the brine discharge facilities of Umm Al Nar Station.

The vertical distribution was almost uniform.
(e) Hydrogen Ion Concentration (pi)

The wvariation of the pH value in sea water was small as compared  with'
that in fresh water, owing to the buffer action of dissolved salts. The
pH value presented weak alkalinity, depending on the concentration of
dissalved carbon dioxide, bicarbonate ion, carbonate ion, .etc. Normally,‘
plt is in the range of 8.0 to 8. 3. o

The pH was in the range of 8.0 to 8.2, aﬁd'unifdrm values were exhibited
during each tide period and at each layer. ' '

(f) Dissolved Oxygeh (DO

The dissolved oxygen in the sea water depends on water temperature and
salinity under an Equlllbrium condition with the atmosphere The: solubi-
lity of oxygen into the sea water decreases ds water temperature in-
creases and also as salinity 1ncreasﬁs The percentage of the amount ~of
oxygen which is actually dissolved in the sea water to- . the amount of
saturated oxygen is called the degree of oxygen satuzatlon The amount of
saturated oxygen is calculated by Weiss’ s formula ‘ L n
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The DO was in the range of 5.5 to 6.4 mg/l1 during the low tide period and
5.7 to 6.4 mg/1 during the high tide period. Uniform values were measured
during  each tide period and at each layer. The degree of DO saturation
showed a value of about 100% at all the sites,

(g) Turbldlty

=Turbldl-ty 13 the value to 1nd1cate to what extent the water is - turbid.
Formazine - is used as reference solution f01 testing. At offshore Site
15, the turbidity was low (0.5 degreés or less) during both the low tide
period - and the high tide period. In the neighborhood of Umm Al Nar Sta-
tlon, however ‘the turbidity was high, in particular at Site 1-B located
near the sea water intake facilities of Umm Al Nar Station, and the maxi-
fum value was recorded, namely 3 4 degrees in the middle layer during the.

low | tlde perlod and 3 3 degrees in the lower layer during the h1gh tide
pe:10d

(h) Total Grganic Carbon (TGC)

TOC refers to carbon in organic matter present ‘in the water. The val&e of
TOC thexefore increases owing to oil contamination of the sea water.

TOC -was hlgh in: the nelghborhood of Umm Al Nar Statlon indicating the
max1mum value 2.7 mgC/1 in the upper layver of Site 3 during the low tide
‘period. and 2.7 mgC/1 1n the lower layex of Site 2 during the high tide
. period. : '

(1) Ammon1ac Nltrogen (NH4 N)

CNH,-N :is, prqduced when organxc matter containing nitrogen 'decomposes.
NH,-N. is contained in factory effluent, sewage, etc., and is referred to
as an-index of:pollution-caused by’human activity.

NH, - N was’ hlgh in the nelghborhood of the sea watez intake facilities of

~Umm AL ‘Nar Station during the low tide period, indicating 0.017 mg/1 in
-the upper layer of Site 1-B. During the high tide period, NH,-N was high
at Slte 23 '1nd1cat1ng the maximum value 0. 075 mg/l in the middle layer.

(J) 011 Content (011)

011 content was not detected at all the sztes {(less than 0.1 mg/1). How-
ever; according . to the visual observation carried out on October 23,
1988, ' the dr1ft1ng of tar balls was observed on the sandy beach and in
< the' harbor in front-of Abu Dhabi City. Also, near the embankment in the

nelghborhood of. Slte 13, ‘the presence of an oil film was recognized on
~ the sea surface o : R ' '

;.2) Thlfd Fleld Survey
: The results of water qualzty are tdbuldted in Tab}es 3.6.4(1) and (2) and

the ba51c statxstlcal table on water qua11ty is shown in Tables 5(1)
and (2). '
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Table 3.6.4(1): Analysis Results of Water Quality in Third Field

Survey (Low Tide Period on February=6} 1989)’:  1'

¥aler Yater m. : : L c
Site} Ti=o § Deplh | Layer | Color | Trans | Tesp. | Sal. ph | Mwount | Satur } Turb 1 TOC | M-8 | Dit
m | [ o | || = ] ) | e )] 09 | (deg) gt/ )] tag/ 03] w2
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30| 03| to | 18] 2.0 489882 | 6.8 102] 2.8 22| 0.009]<0.1
5 12§41 - - — T . - - = — — _.; T
12: 50 — — — — — T .- - — - —
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Table 3.6.4(2): Analysis Results of Water Quality in Third Field

‘Survey (High Tide Period on January 31, 1989)

~ <o) Mater ) 1 Water § n
Site | Tima | Dopth | Layer | Color | Trana | Temp. | Sal. pl. jAwount | Sotor § Terb | TOC [ HHH | 03
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Table 3.6.5(1): Basic Statistical Table of Water Quality
: (Low Tide Period on February 6, 1989)

?‘) :
= 1

Item Sample Max. Min. - - Ave. .
Parameter Unit Number - . C . VL
Water Color No. 12 | 1 5 7.8 1.9
Trans m 12 6.0 1.8 4,0 1.4
Temp. °C H 21.0 17.3 - 18.1 0.8
Salinity  — i - 48.98 43,01 | 44.77 1.37
i - U | 82 | 81 81 | 0.0
Amount  mg/1 U | 71 6.6 8.9 | 0.1
Saturation % 3 102 92 9% 2
Turb deg 34 3.1 <0.5 1.5 0.7
T0C mgC/1 34 2.2 1.8 1.9 0.1
NH, N g/l 34 0.026 - 0.007 0014 | 0.0M
0il mg/1 34 <0.1. 1 <0.1 0.1 | 0.0

Table 3.6.5(2): Basic Statistical'Table of Watef'Quaijty_
(High Tide Period on January 31, 1988) - .

Tten| Sample | Max. - | Min. ve. 5D,
Parameter Unit Number o o -
Vater Color No. 12 11 4 - 7.5 2.3
Trans m 12 - 6.0 1;8 4.2 L5
Temp. C 34 721.3° | 18.0 18.8 0.8
Salinity - ~ 34 48.85 | 43.08 | 45.10 181
pi - u 8.2 8.1 8.1 0.0
Amount  mg/] 34 7.2 6.6 6.9 0.2
Saturation % 34 107 93 81 O PR
Turb deg B 2.8 Q.5 1.2 0.8
T0C ngC/ 1 34 2.3 1.6 18 L0
Nis -N  me/l 3 0.022 |  0.008 | - 0.015 | - 0.004 |
0il ng/1 34 01 | <0 | <01 | 0.0
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(2) Water Color

At offshore Site 15, the watér color was No.5 during the low tide period
and No. 4 during high tide period, thus exhibiting a bluish color. In both
Raghal Channel and Bateen Channel, the value increased as one advanced
further . into the chamnels, exhibiting No. 11 (brown color) in the neigh-
borhood of the the sea water intake facilities of Umm Al Nar Station

In both the second and third surveys, a more brownish and cloudy  color
was observed as one advanced further into both the channels. . In the third
field survey, however, the water color number was small in the offshore
area ‘and channel part as compared with the second field survey, which
exhxbxted a more bluish. color.

(D) Transparéncy

The transparenLy at the sites in Baghal Channel was 3.0 to 5. 5 m “during
both the low tide period and the high tide period which was smaller com-
pared with the offshore sites and the sites in Bateen Channel (trans-
~ parency was 4.0 to 6.0 my. In the- nelghbolhood of Umm Al Nar Station, the
transparency was small at 1.8 to 3.0 m.

The transparency in the thrrd fxeld survey was generally small compared
with that of the second field survey. Particularly, at offshore Site 15,
thé  {ransparency in the third field survey (6.0 m during both the low
tide and the high tide) was less than a half of that in the second field
survey. {14 m on the bottom durlng the low tide period and 12 m during the
high tide per1od)

(c) Water Temperature

As for water temperature, the maximum value was observed at Site 2, name-
ly 21,0 °C’ durlng the low tide period and 21.2 °C during the high tide
period. ~“In'the lower layer ‘of Site 3 , assuming the thermal effluent is
present, the water temperature was found to be high. At the other sites,
almdgt'uﬂiform distribution was observed in:Veftically.

The’ average value in the thlrd fleld survey (18.1 °C during the low ‘tide
periad - dnd 18. 8 °C during the high tide period) was about 14 °C lower
than that in the second field survey (32.3 °C during the low tide period
and 32.4 °C durlng the hxgh tlde per10d}

(d) Sallnlty

The m1n1mum sallnlty was observed at offshoxe Site 15, that is, 43.01 in
the; upper layer and middle: layer during the low tide period and 43.06 in
the: uppex layex and mlddle layer dur;ng the h1gh tide period.

'The sallnlty 1ncreased as one advanced furthex into both Baghal Channel

and-Bateen Channel, indicating the maximum value (a level of 48) near the
brine discharge facilities of Umm Al Nar Station.

— 171 —



Vertically, the salinity was found to be high in the lower layer of Site
3, where the thermal effluent is assumed to be preeent - .

The average value in the third f1eld survey (44 77 dur1ng the low . tide
period and 45,10 during the high tide period) was higher than that in the
sccond field survey (44.29 duilng the low tide pezlod and 44 04 dur:ng
the high tide period). :

{e) Hydrogen Ion. Concenthtlon (pH)

The pil was 8.1 at all the s1tes except at Slte 2 nea:by the b:lne dis-
charge facilities of Umm Al Nar Station where pH was 8.2 during both ' the
low tide period and the flood tide period. No remarkable difference was
observed owing to the time of survey between theé second field survey and
the third field survey.

(f) Dissolved oxygen (DO)

The DO was in the range of 6.6 to 7.1 mng/ 1 durlng the 10w tlde pe:lod and.
6.6 to 7.2 mg/l during the high tide period. Uniform values were 1nd1cat-
ed during each tide period and in each Iayer as well. ' o

The DO saturation degree was about.lOO at all the sites.

The solubility of oxvgen into the sea watex 1nc:eased as water tempera-
ture decreased. The average DO value was about 1 mg/ 1 hlgher in the third
field survey (6.9 mg/l during the low tide perxod and 6.1 mg/l durlng the
high tide period) than that in the second field survey (5.8 mg/l during
the low tide period and 5.9 mg/} during the high tide period).

(g) Turbidity

The turbidity was found to be a little higher in the neighborhood of Umm
Al Nar Station (the maximum value was 3.6 degrees during the low  tide
period in the middle layer of Site 7 and 2:8 degrees during the h:gh tide
period in the upper layver of Site 1-A). No other partxcalar ‘distribution
tendency was recognized. ' . T

The average value in the third {ield survey (1 9 degrees dur1ng the . low
tide period and 1.9 degrees during the high t1de period) was 1.0 . degxees
higher than that in the second field survey (0.9 degrees during the Clow
tide period and 1.0 degrees during the h1gh tide period). :

(h) Total QOrganic Carbon (TOC)

The TOC was found to be high in the neighborhood of Umm-Al Nar Station;
showing the maximum value of 2.2 mgC/1 in ‘the upper layer of Site 2 near-
by the brine discharge facilities of Umm Al Nar Station during the low
tide period and 2.3 mgC/1 in the upper layer of S1te 2 and S1te 1 A dur

ing the high tide period. . _
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The average value in the. third field survey (1.9 mgC/1 during both the
IOW “tide period and the high tide period) was 0.2 mgC/l lower than that
in the second field survey (2.1 mgC/1 durlng both the low tide period and
the high tide period)..

i) Ammonic nitrogen (NH -N)

The:NH4oN3exhibited the maximum value of 0,026 mg/l in the lower layer of
Site 1-A during the low tide period, and 0.022 mg/l in the lower laver of
Site 1-B during_th&-high-tid& period. '

The averagé value in the third field survey (0.014 mg/} during the low
tide per1od and 0. 015 mg/l during the high tide period) was a little
higher than that in the second field survey (0. 007 mg/l during the Clow
tlde pe:1od and 0. 012 mg/1 during the high tide perioad).

(J) 011 Content (011)

No 011 ‘content was detected (less fhan 0.1 mg/1 at all the sites).
.(7) Summary |

1) Features in. the Marlne Area around Abu Dhab1 Island

The'distributiOn‘tendeﬁCy'in the marine area'afound the Abu Dhabi Istand
during the second and-third field survey are described as follows:

In horizontal distribution, the sea water in the inner part of both
Baghal Channel and Bateen Channel, especially in the neighborhood of Umm
Al Nar Station, showed higher salinity, water color, transparency and TOC
values than thosé in the offshore area of the Abu Dhabi Island and in the
neighborhood of the entrance of both channels.

In vertical distribution, it was found in the third field survey that at
Site 3 the effluent from Umm Al Nar Station was present in the lower
layer, resitlting in increased water temperature and salinity. At the
other sites, “however, *he vettlcal distribution of water qualtty was
almost uniform.

2) Expréséioﬁ .of:}Watef Qﬁél1ty and Classification of Water Mass by
Pr1n01pal Component Analys:s :

To determ1ne the general water qualxty in the marine area-around the Abu
‘Dhabi Island, an analysis was carr1ed'0ut by classifying information, in
which the measured values of each water quality parameter are contained,
into a. small number of general: characteristic values, namely the princi-
pal. components ‘The two-dimensional scatter diagram based on the first
principal. compOnent (COMPI) and second pr1nc1pa1 component (COMP2) is as
shown 1n Fxg 3. 6 3. L
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Second Survay

Fig. 3.6.3: Two-Dimensional Scatterihg Plot According to Principal
Component Analysis .

Table 3.6.6: Cla331f1cat10n of Water Mass According to Prxncxpal
Component Analysis . :

Water Mass' Site

Characteristic

A

Ly

'%85 transparency, and relatively hlgh turb1d1ty and

There is this water mass around UAN 1ntake and
out-fall. The characteristics of the water mass are
high water temperature and salinity in particular,.

There is this water mass in the interior of both N
Raghal Channel and Bateen Channel around Abu Dhabi
Island. The characteristics of the water mass are
not so aparent as A water mass, but-are high -
salinity, tUPbldlty, and T0C and low transparency

There is this water mass near the inlet of Baghal
Channel and Bateen Channel and offshore Abu:Dhabi -
Island. The characteristics of the water mass are
géﬁh transparency and low salinity, turbidity, and
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Fig. 3.6.4:.Cié§sificéfion of Water'MasslACcording to Principal
Component Analysis

To calculate the principal components, data in the second field survey
“and the ‘third field survey were analyzed collectively with respect to the
following 10 parameters : water color, transparency, water temperature,
salinity,  pH, DO, DO saturation degree, turbidity, TOC and NH,-N. The
data can be broadly divided into two categories, by the time of the sur-
vey and its effect on water temperature and other factors.

Next, in the_dﬁta classified by the time of the survey, if attention is
paid to. the sites, this data can further be divided into three water
masses. :

3) Sea Water Intake'of Umm Al Nar Siétion

In the neighborhood of Umm Al Nar Station, ‘the salinity is high and the
sea is . turbid. It can be considered. that the presence of high salinity in
the ~inner part of thé channels on both sides of the Abu Dhabi Island is
attributable to-the fact that the high salinity effluent from Umm Al Nar
Station cannot be easily replaced with sea water in the open sea.

It is also possible that the presence of high turbidity and increased

facilities. In the present survey, however, its cause could not be iden-
tified, ‘
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According to the classification of water masses,  the sea water near the
sea water intake facilities of Umm Al Nar Station has high salinity simi-
lar to that found at the brine discharge facilities of Umm Al ‘Nar Sta-
tion, which may be attributed to the following reasons:

%« On the eastern side of the sea water intake facilities of Umm Al Nar
Station, thére -is the channel which comes from the interior of the
lagoon and sea water of high salinity is supplied through this channel.

« In the neighborhood of the sea water intake facilities of Umm Al Nar
Station, there is a brine discharge outlet, and high salinity is caused
by the discharge of brine.. ’ ' o L

It will be necessary to carry out a continuous éurﬁéy'onlihé water qua-
lity near Umm Al Nar Station, particularly in the marine area near the
sea water intake facilities of Umm Al Nar Station. = :

4) 0il Contamination

In the present survey, no oil content in the sea water was detected in
the two surveys. However, in the survey conducted in the coastal area,
there were some locations where oil balls and films were observed, thus
it does not mean that there is no oil contamination. ' -

The Fig. 3.6.5 shows the seaside where oil balls were observed. The  sea-.
side is part of the seaside in front of Abu Dhabi City, and oil from
ships is considered attributable to the presence of these oil balls. In
this neighborhood, there is the sea water intake facilities of Umm Al Nar

Station, and the infiuence of pollution owing to oil balls is feared:

5

Seaside Where
Gil Ball Was Found

Fig. 3.6.5: Seaside Where 0il Ball was Found -
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