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Chapter 1 Introduction
1.1 Background of Study

All city water in Abu Pahbi, the capital of the United Arab Emirates, is
supplied from the sea water desalination plants, and a ‘part of the
desalinated water is supplied to Al Ain through pipeline. Also, a large
gquantity of sea water is used as cooling water in the power plants.

In recent years, anxiety about pollution of sea water by effluent oil
from tankers, oil wells and o0il refineries is becoming more sevious and,
an urgent establishment of measures to prevent oil pollution ‘of these
plants has hecome an important matter.

If the present condition is left as it is, not only the decrease in pro-
duction capacity of desalination plants due to fouling of equipment but
also contamination of product water itself which leads to possible com-
plete stop of city water supply will be caused.

Further, it will lead to possible decrease in power generating efficiency
in ‘the power plants. It is necessary, therefore, to establish effective
measures to prevent such damages by o0il for securing the stable power
supply.

Under the circumstances, the Government of the United Arab Emirates has
requested Japanese government in March 1987 to conduct the "Study on
Measures to Prevent 0Oil Pollution of Thermal Electric Power Stations and
Sea ¥ater Desalination Plants”. Japanese government has accepted the
request and Japan International Cooperation Agency made a contract with
Water Re-Use Promotion Center. (WRPC). The study has been initiated in
March, 1988 and completed in October, 1989.

1. 2 Purpose of Sfudy

The purpose of this study is to examine the influence of oil pollution of
sea water and the necessary measures against oil pollution at the Umm Al
Nar Thermal Power Station and Desalination Plant of the Water and Elect-
ricity Department, Abu Dhabi Emirate, United Arab Emirates.

This study covéred No. 1 water intake system and the relevant facilities
at the Umm Al Nar Power and Desalination Plant as well as the surrounding
sea water area.

1.3 Contents and Implementation of Study

To implement this study, a study team_has been organized mainly with the
specialists from the WRPC as shown in Table 1.3.1, and the study was
conducted by specialists in their respective field of expertise. List of

the counterpart members is as shown in Table 1. 3.2

The procedures used in conducting the study are shown in Fig. 1.3.1.



Table 1.3.1: List of Japanese Study Team_Members and Their Assignments

Name‘ Function A531gnment
‘MYS;HIB Murayama Team Leader Overall management
! Field work & home office work
i _
| Kunio Kikuchi Deputy Leader | Control of technical works
Home office work :
Toshikazu Ishii Engineer Study on countermeasure of oil
1 pollution ,
Field work & home loffice work
Yuzuru Naito Engineer Study on countermeasure of oil
pollution
Field work & home office work
Keiichi Ohta Engineer Study.on_wafer gquality
Home oifice work
Masaji Kanayama Engineer Study on desalination plént
: Home office work
Shizuo Hashimoto Engineer Study on oceanography
Home office work
Masaru Sakai Engineer Study on oceanography
Home office work
Isamu Kondou Engineer Study on_Hydrology
: Home office work
Shigeru Suizu Engineer Study. on Hydrology
Field work & home office work
Hiroshi Kuboki Engineer Study on oceanography -
Field work & home office work
Akira Watanabe Engineer Study on oceanography
Field work & home office work
Hisayoshi Taira Engineer Study on oceanography ‘
Field work
Shingo Itonaga Engineer Study on oceanography -
Field work
Shin-ichiro Nagai Engineer Study cn oceanography
Field work
Masafumi Okodaira Engineer Study on oceanography
Field work |




Table 1.5.1: Continued

Name Function

Assignment

Hiroji Takahashi Engineqr
Kenshirc Matsuzaki Engineer
Tooru Nakao Engineer
Masanori Higashino Engineer

Noboru Kioka Engineer

Study on monitoring systen
Home office work

Study on monitoring system
Field work & home office work

Study on monitoring systen
Home office work

Study on monitoring system
Home office work

Study on power plant
Field work & home office work

Table 1.3.2: List of Counterpart Members

Material Testing Laboratory
Mr. I. Money

o Station
Dr. Rasheed A. Arain
Mr. Samih Ammafi

Mr. A. H. Hammoud

Mr. Showky Aziz

Mr. McGreger

Mr. Rizk A. Mohammed
Mr. Tag E1 Din

Dr. ¥, Falldorf

Dr. R, Wundes

Dr. R. Walker

Name _ Function
Dr. A. M. Shanms E! Din Team Leader
Director - - '

Oceanographic Engineer

Plant Engineer

Plant Engineer
Plant Engineer
Plant Engineer
Plant Engineer
Plant Engineer

Oceanographic Engineer

Oceanographic Engineer
Qceanographic Engineer

Oceanographic Engineer




lPlanning of Study

v
Preparation of Inception:Reporth
e Y
Execution of Field Survey
' i’
Arrangement and Analysis of Field Survey Results
Y
—! Survey of 0il Poliution on Sea Water Desalination Plant etc,
e | B ]
[Efeparation of Interim Report
Numerical Calculation of 0il Diffusion
Y
e *{4??sign of Monitoring System
o {
L. » Study of Prevention System
k)

Emergency Shut-Down of Plants and Measure

to Secure a Domestic Water Supply

~ Y
[Conceptual Design of Prevention System
lCosting and Schedule for Construction of Prevention SystemJ
. _
i Method to Restore Plants Polluted by 0il
| Y _
i Treatment of Product Water Polluted by 0il =
|
‘ Method to Remove Trihalomethane
_ " .
I Method to Substitute Chlorination Process
Y.
Preparation of Draft Final Report
¥

{Preparation of Final Report

Fig. 1.3.1: Principal Procedures of Study




1. 3.1 Marine Field Survey

Distribution characteristics of tidal current and others were investigat-
ed, and the. collection of the basic date required for numerical calecula-
tion concerning distribution of oil diffusion and the grasp of present
conditions of marine environment were conducted.

1. 3.2 Study on Influence of 0il Poliulion in Power and Desalination
Plant

The influence on the plant caused by the oil pollution was investigated
wvhen 0il, which was spilled out into the sea, flowed into the Plant.

1. 3. 3 Preventive Measures against 0il Pollution and their Evaluation

Based on the marine field survey, the numerical calculation of distribu-
tion of oil diffusion was carried out and, on the basis of this result,
monitoring system and oil pollution preventive system against spilled oil
were planned.

1. 3. 4 Countermeasurcs against 0il Contamination
Assuming that oil contamination cannot be preventive, the treating method

of 01l contaminated product and the re-starting method of the oil
contaminated plant were studied.






Chapter 2 Present Status of SubJect Plants and Environmental Conditions
(Fundamental Principles and Condition for this Study)

Before carrying out the_study, the premise such as the present status of
power and desalination plant as well as the natural environment, etc. to
‘be investigated was clarified.

2.1 Power and Desalination Plant

Umm Al Nar Power and Desalination Station comprises 10 units of thermal
power - plant, 4 units of gas turbine power plant and 16 units of multi-
stage flash (MSF) type desalination plants, with total electric power
generation capacity of 1,080 MY and desalination capac1ty of 77 MIGPD or
350, 0G0 m3/d.

Heat source (steam) for desalination plants is supplied from the respec-
tive power plants. The plant is designed to be dual purpose plant taking
into consideration the averall thermal efficiency.

The layout of the whole plant is shown in Fig. 2.1.1

This study covers West No. 1 through No. 6 power and desalination plants
and East No. 1 through No. 3 desalination plants which are supplied with
sea water from No. 1 sea water intake system. These facilities are en-
‘¢losed with line as shown in Fig. 2.1.1. Table 2.1.1 shows the outline of
the plants covered by this study.

Table.2.1.1 OQutline of Umm AL Nar Power and Desalination Plants

Power Plant Kest No.1 - No.6 East
Turb1ne Generator
Manufacturer : SKODA (Chech.)
Rated Qutput (kW) 60,000
Units 6
Boiler . .
Manufacturer ' Deutsche Babcock
Type : Single Drum Radiant
Natural Circulating
Stean Pressure (Design) 86. 4 bar
Steam: Production (Max.) 365 t/h
Desalination Plant ¥est No.1 - Ho.6 East No.1 - No.3
Manufacturer IHI (Japan) SIDEM (France)
Number of Units 6 3

Capacity (MIGPD) . 4 _ 5

Type ' MSF Cross Tube MSF Cross Tube
Number of Stages 18 15

DS of Product Water {(ppm) 25 25

Max. Brine Temperature ccy | 90 90

GOR% 6 6

Remarks: % = Production/Steam Consumption
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2.2 Ancillary Equipment

The sea water used in the Unm Al Nar Plant is taken from the south sca-
shore of the station and discharged to the north seashore. No. 1 sea
water intake system covered by this study intakes approximately 220, 300
m3/h of sea water.

This system is of submerged intake type made of concrete, with 5 intake
gates and equipped with screen for preventing intrusion of foreign
matters, sedimentation tank for sand and mud, chlorine gas injection
device for prevention of fouling by marine organisms, etc. Air bubble
system, o0il fences and monitoring system using water surface conductivity
sensors for prevention of oil pollution are also equipped.

2.3 Natural Environment

The United Arab Emlrates is located on the west coast of Arabian Gulf in
the desert hot weather zone where it is of high temperature and high
humidity. The highest temperature reaches 45 °C and above in summer
(April.  through October) while in winter (November through March), the
climate is comparatively moderate at about 20 °C on the average.

In this region, it raiﬁs'someWhat'during January through March in winter,
but it never rains in summer. Total amount of precipitation throughout
the year is roughly 50 mm although it fluctuates drastically every year.

Abu Dhabi City is located in the Abu Dhabi Island facing Arabian Guif and
surrounded by tangled shallow lagoon. The Umm Al Nar Station is situated
at the innermost location of the lagoon and facing the Abu Dhabi Island.
Topographic map is shown in Fig. 2.3. 1

-Sea water inside the lagoon is connected to the open sea mainly through
narrow channels of south and north of the Abu Dhabi Island. Tidal current
at these channels is rather high reaching 70 cm/s in some cases.
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Chapter 3 Marine Field Survey
3.1 OQutline of Survey
3. 1.1 Purpose of Survey

In order to predict and reduce the influence of o0il pollution on the Umm
Al Nar power and desalination plant, it is essential to install
monitoring system and preventive system against oil pollution. '

In this connection, characteristics of the surrounding sea area of the
Abu Dhabi Island and the station . should be clarified in order to plan
such systems. Consequently, the marine field survey of the ocean
conditions in such area was conducted concerning the following items:

(1) Collection of the necessary information required for the numerical
calculation concerning oil diffusion in the surrounding area of the
Abu Dhabi Island :

(2) Clarification of ‘the surrounding hydrographical conditions of the
station required for planning oil pollution preventive system

(3) Clarification. of the present conditions of the oil polluticn in the
vicinity of the station

(4) Clarification of environmental characteristics in the surrounding
area of the Abu Dhabi Island which is required in planning the appro-
priate method of periodical environmental survey to monitor the oil
pollution

Procedures for data analysis and numerical calculation are shown in Fig.
3.1.1.

3.1.2 Contents of Survey

The marine field survey is roughly divided into two categories i.e.,
survey on hydrographical conditions and survey on ~environmental condi-
tions. ' '

(1) Survey on Hydrographical Conditions

Water current conditions including tidal current and elevation of tide,
etc. are determined by interactions of such factors as the gravitation of
the moon and the sun, rotation and revolution of the earth and such
natural conditions as physiographic features of the specific sea under
survey and climate, etc. :

In making predictions of water current conditions for the purpose of the
above 3.1.1 (1) and (2), it is required to analyze how each factor inter-
acts. For such purpose, the necessary data were obtained by various
measurements as follows: '

_._.1} —_—



i} Tidal current

% Fixed point observation for a period of one month in summer and
winter

% Observation by the current drag in the channels
% Observation of vertical distribution
2} Tidal elevation

% Continuous fixed point observation for a period of one month in
summer and winter : o

3) Water temperature
x Continuous fixed point observation for a period of one wmonth in
summer and winter ' ' :

% Vertical distribution at representative points in summer and winter

4) Salinity
% Continuous fixed point observation for.a period of one month .in

summer and winter .
% Vertical distribution at representative points in summer and winter

(2) Survey on Environmental Condi tions

The following survey was conducted in order to clarify the présenf qdn-_
ditions of the o0il pollution and to determine a method for the periodical
survey.

1) ¥Water guality at representative points in summer and winter
2) Bottom sediment at representative points in summer and winter

3) Planktons, benthos and coastal organisms at typical points in summer
and winter.

3. 1.3 Survey Schedule

The marine field survey was conducted in accordance with the following
schedule:

1) The First Field Survéy (Preliminary survey): March 20, 1988

2) The Second Field Survey (Summer season survey) : Septémber through
November 1988

3) The Third Field Survey (Winter season survey) : Janﬁary through March
1989 _
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3.2 Tidal Currents

The sea area around the Abu Dhabi Island was classified as a strong cur-
rent zone in Baghal Channel and Bateen Channel, moderate current zone
of fshore the Abu Dhabi Island, and a light current zone in Umm Al Nar
South Basin. Because of the physiographical factors that Baghal Channel
and Bateen Channel have the features of shallow water depth and narrow
channe! width, the tidal current velocity in the both channels was very
high at 90 to 100 cm/s during the strongest current time, and tidal cur-
rent direction was parallel to each channel,

In the offshore area of the Abu Dhabi Island, there was no dominant. direc-
tion. However, 10 to 20 cm/s tidal currents were observed and their
direction were roughly NE-ward or SW-ward flowlng back and forth in
parallel to the coastal llne

In Umm Al Nar Station South Basin, the current speed was low at 0 to 10
cm/s and there was no direction in the tidal currents. :

In order to determine a prediction model of water current cond1t10ns, a
harmonic analysis was conducted. And, types of tidal currents (Note 2)
were determined after obtaining disharmonic constants for major four (4)
tidal components (Note 1). :

Table 3.2.1: Disharmonic Constants Table of Tidal Currents
in Second Field Survey (Oct. to Nov. 1988)

: Disharmonic Constants
Site e F
Mz + 5 K + O Yalue
{cn/s) (cm/s)
1 4.7 4.0 0.85
7 33.1 26.8 0.78
9 50.5 41.1 0.81
15 11.9 18.8 . 1.58
19 45.7 43.5 0.95
20 45.90 30.1 0.67
21 17.2 13.9 0.81
23 52.8 44.7 0.85

Remarks:

M, + S : Semi-diurnal componebt current sum

K, + 0. : Diurnal component sum

E Value: (_Kl + 0.) /(M + S2) . )
Classification function of tidal types



Note 1: Major 4 tidal Components

M.: Main lunar semi-diurnal tide

S.: Main solar semi-diurnal tide

Ki: Solar and lunar composite diurnal tide
-0:: Main lunar diurnal tide

Note 2: Classification of tidal types (Judged values)

Semf-diurﬁal typé: F < 0.25
Mixed. type: 0.25 < F < 1.25
Diurnal type: F > 1.25

Types- of tidal currents were judged as the mixed type at all points,
except offshore Site 15 where the diurnal type was observed in summer
season.

Table 3.2.1 shows judged values (F) for tidal currents at the second
field survey.

According to the prediction of flow velocity for the maximum spring
period as shown in Fig., 3.2.1, the time of the strongest ebb current
which streams offshore, was 5 to 7 hours after high high water level at
Mina Zayed. Current velocity becomes small as it approaches the interior
of the lagoon. ' '

Flood Current _
. 100 P RV tegerns iy

80 . - : A ;
—~ . 60 :
E 40
5
- 20
b 0 Notes :
& s O Site 7
+ ® Site 9
§ 40 O Site 19
& 21
? -0 B [ b}te 20
G Pl AN Site 21
"80 |- 5 A Site 23
-100 b AN
0 - 1 12 18 23

Ebb Current Time Assumed Higher High Tide at Mina Zayed
at Standard (h) :

Fig. 3.2.1; Predicted Flow Velocity in Channels in Maximum Spring Tide
Period in Second Field Survey (October to November 1988)



3.3 Tidal Elevation

As shown in Fig. 3.3.1, the variation of tidal elevation showed princi-
pally the semi-diurnal periodicity, but alsc the apparent diurnal perio-
dicity was recorded, as shown in Fig. 3.3.2 in neap tide period.

According to the harmonic analysis results, 4 principal component tides
of Mz, S;, K. and 0. occupied the larger part of all amplitudes at all
the sites and the sum of 4 principal component tides was about 100 cm.
The tidal types (Note 3) were the mixed type (Site 1) and the diurnal
type (Site 10 and Site 18). ‘ '

Spring Tide Period (25th October 1988)

225
200
175 |-

159

125 )
Notes

@® Site I
B Site 10
A Site 18

100

Tidal Level {cm)

75 [

50
25 |

ACD+ 0 d
0 6 12 18 23 Time (h)

Fig. 3.3.1: Typical Tidal Level in Spring Tide Period

20 -
225 |-
200 |
175
150

Notes : .
® Site 1
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Tidal Level (cm)
8

ACDHO : : _ E
0 6 12 18 23 Time (h)

Fig. 3.3.2: Typical Tidal Level in Neap Tide Period



Table 3.3.1 shows values of classification function of tidal types.

Table 3.3.1: Disharmonié Constant and F Value of Tide

. Disharmonic Constants ]
Site - - . F
M, + S Ki + 0 Value
(cm/s) {cm/s)
1-1 53.4 6.0 1.12
1-2 55.0 58.3 1.06
10 45.7 60.2 1.32
18 43.0 55.8 1.30

Remarks:

M, + S: : Semi-diurnal componebt current sum
K, + 0, : Diurnal component sum
F Value: K. + Q) /M + 5)

Classification function of tidal types

Note 3: Type of tide

Semi-diurnal type: F < .25
Mixed type: 0.25 < F < 1.25
Diurnal type: F > 1.25

3.4 Water Temperature

Observation results of water temperature at the typical points, based on
continuous observations for a long period in summer and winter seasons,
are shown in Tables 3.4.1 and 3. 4. 2. During the observation period, the
water temperature recorded the highest of 34.1 °C in October and the
lowest of 16.9 °C in January. The water temperature tends to rise from
mid-February. ' '

Cyclical change of water temperature was observed at each of measuring
site at interval ranging approximately one full day to half day, as shown
in Fig. 3.4.1. Near the Umm Al Nar Station (Site 1}, the highest tempera-
ture was observed. Results of observations of vertical distribution of
the water temperature is generally low between surface and bottom levels.

It 1is assumed that formation of thermocline is disturbed because water
depth is shallow and flow speed is high.



The vertical range of water temperature was generally small. That is to
say, the formation of thermocline might be very difficult in the sea area
around the Abu Dhabi Island due both to the shallow water depth and to

the relatively high current speed.

Table 3.4.1: Water Temperature at Each Site
in Second Field Survey

Site Max. Min. Ave, Duration of Observation

¢Cc) | €O | €O

1 34.1 | 29.3 31.1 | Oct. 1 to Oct. 30, 1988

7 32.0 | 29.2 | 30.4 | Oct. 16 to Oct. 30, 1988
9 32.9 | 29.8 30.7 | Oct. 1 to Oct. 30, 1988
15 31.8 | 29.2 | 30.4 | QOct. 9 to Nov 7, 1988

19 32.9 | 29.5 30.4 } Oct. 1 to Oct. 30, 1988
20 32.6 | 27.6 30.3 | Sept. 30 to QOct. 14, 1988
21 33.6 | 28.2 30.3 | Sept. 30 to Oct. 14, 1988
23 30.8 | 28.5 29.6 | Oct. 16 to Oct. 30, 1988

Table 3.4.2: Water Temperature at Each Site
in Third Field Survey:

74§£ie Max. Min. Ave. Duration of Observation
°C) °C) cC)

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 20.5 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 i8.1 20.1 Feb. 11 to Feb. 26, 1989
21 22.8 18.3 20.1 Feb. 11 t1 Feb. 26, 1989
23 22.6 16.9 19.4 Jan. 25 tp Feb. 23, 1989
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Fig. 3.4.1: Typical Daily Profile of Sea Water Temperature
3.5 Salinify

The salinity of the sea water is measured in accordance with practical

- salinity as defined by UNESCO in 1978. This salinity is determined by the

electric conductivity ratio and is expressed nondimensionally.

The salinity was in the range of 41.42 to 47.22 in the summer, or in the
range of 41.38 to 47.21 in the winter survey respectively, and all the
observations. had a higher salinity reading than 40 as shown 1in Tables
3.5.1 and 3.5. 2.

The horizontal distribution of salinity showed a tendency that it was low
offshore and high interior of the lagoon as seen in Fig. 3.5.1. The
variations of salinity in the channels were diurnal or semi-diurnal, and
ranged from 1 to 3.

According to the observation of vertical distribution of salinity, the
vertical difference of salinity was small in both summer and winter for
all the sites. -However, higher temperature and salinity were observed in
the lower layer during the ebb tide period at the site of brine discharge

~of Umm Al Nar Plant. This might be caused by discharged brine.



Salinity

Table 3.5.1: Salinity at Each Site in Second Field Survey

Site | Max. Min. Ave. Duration of Observation
(-) (- {-)

1 47.221 45.13 | 46.29 Oct. 1 to Oct. 30, 1988

7 46,501 41.911 44.43 Oct. 16 to Oct. 30, 1988

9 45.52 1 41.47 | 43.14 Oct. 1 to Oct. 30, 1988

15 | 42.51| 41.42}42.02 | Oct. 9 to Nov 7, 1988

19 44.84 | 42.09 | 43.28 Oct. 1 to Oct. 30, 1988

20 45.77| 43.45|44.73 | Sept. 30 to Qct. 14, 1988
21 46.37 1 45.00 1 45.71 Sept. 30 to Oct. 14, 1988
23 46.20 | 44.52 | 45.33 Oct. 16 to Oct. 30, 1988

Table 3.5.2: Salinity at Each Site in Third Field Survey

Site Max. Hin, Ave. Duration of Gbservation
(-) ) (-) _

1 47.211 45.821% 46.37| Jan. 25 to Feb. 23, 1989

7 46.68 1 43.85% 45.58 | Jan. 25 to Feb. 8, 1989

9 46.72 1 42.87{ 44.85| Jan. .25 to Feb.: 23, 1989
15 43.44| 41.38) 42.62| Jan, 29 to Feb. 27, 1989
19 45.64 | 43.20| 44.031 Jan. 25 to Feb. 23, 1989
20 46.23 | 44.20| 45.34 1 Feb. 11 io Feb. 26, 1989
21 46.63 | 45.41| 46.061 Feb. 11 t! Feb. 26, 1989
23 47.13| 44.78 | 45.82 | Jan. 25 tp Feb. 23, 1989

Neap Tide Period (:8th October 1988}

Spring Tide Period (25th October 1988)
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| Time (h)

47 - e
46 et SEgErY
a5 i A TR LA N
3 —t . W
; AT - g
ad -..\ {/ ',wr'l‘.“ \ (-’/;’ ‘|i\‘
NN
5 P 7
[ DA
3 2 4 h a
42 h gl
; 41
T3y 40 i 18 7

Notes

F-RCOO

Fig. 3.5.1: Typical Daily Profiles of Salinity at Each Site
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3.6 Water Quality

Around the Umm Al Nar Station, a high distribution of water temperature,
salinity, turbidity and total organic carbon (TOC) was observed. This
phenomenon might be caused by the fact that the sea water near Umm Al Nar
Station cannot be easily replaced with the sea water from the open sea.

AcCording to the principal analysis results of water quality, the marine
area around Abu Dhabi Island can be classified inte the three marine
areas as shown in Table 3.6.1 and Fig. 3.6.1.

Table 3.6.1: Classification of Water Mass around Abu Dhabi Island
According to Principal Component Analysis

Water Mass Site Characteristics
A_ 1-A There is this type of water mass around sea water
" 1-B intake and brine discharge facilities of Umm Al
2 Nar Station. Characteristics of water mass

are high water temperature and salinity in
particular, low transparency and relatively high
turbidity and TOC.

B 3 There is this type of water mass in the interior
7 of both Baghal Channel and Bateen Channel around
20 the Abu Dhabi Island. Characteristics of water
mass are not so apparent as A water mass, but
are high salinity, turbidity and TOC and low
transparency.
C 9, 121 There is this type of water mass near the inlet

13, 15 of Baghal Channel and Bateen Channel and off-

16, 19 shore area of the Abu Dhabi Island. Character-
istics of the water mass are high transparency
and low salinity, turbidity and TOC.

p—, 21_._
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Fig. 3.6.1: Classification of Water Mass around Abu Dhabi Island
According to Principal Component Analysis

3.7 Bottom Sediment

At the sites near the Umm Al Nar Plant intakes, the ratio of bottom
sediments below the silty portion was large and the particle size
distribution was fine. But in the offshore area of the Abu Dhabi Island
and in entrance area of the channels, the bottom sediments contained many
gravels and its distribution was coarse.

Sediment size at the edge of Baghal Channel and Bateen Channe! was small-
er than that at the center of channels.

The correlation coefficient between mercury, lead, copper, zinc or TOC,
and the ratic below of very fine sand was 0.6 or more, showing a tendency
for these contents to increase as the particle size distribution . becomes
finer. '

The level of heavy metals and organic matter contents in the bottom sedi-
ments around Abu Dhabi Island was not much different from those normally
found in rocks and soils. Tt can be considered that no remarkable marine
pollution is caused by heavy metals and organic matter:

Observation at Site 13 and Site 14 have indicated respective oil content
of 81 ppm and 83 ppm which are comparatively higher than other sites.
However, no specific reason was found in this study.



3.8 Marine Organisms
3. 8.1 Phytoplankton (Water Samp!ling Method)

Both the second field survey in summer and the third field survey in
winter revealed greater numbers of occurrence kinds of Bacillariophyceae
and Dinophyceaeas compared with other algsae. Also, the number of
occurrence kinds at all the sites was a little greater in summer.

The average number of occurrence cells, horizontally considered, was
smaller around Umm Al Nar Station and larger in the ofishore area of the
Abu Dhabi Island.

The occurrence conditions of dominant kinds differed among the sites and
between the tides. But, Leplocylindrus danicus was predominant in summer
and Haptophyceae in winter.

" Number of_kinds indicgting marine pollution was a little.
3. 8.2 Zooplankton (Water Sampling Me thod)

Both in summer and in winter, the number of occurrence kinds of Ciliata
and . -Copepoda were predominant. The occurrence conditions of dominant
kinds differed according to the seasons. Naupius larvae of Copepoda were
predominant in summer and Oligotrichida prevailed in winter.

Number of kinds indicating marine pollution was a little.
3. 8.3 Zooplankton (Net Method)

In summer and in winter as well, the number of occurrence kinds of Cope-
podite of Oithona genus were predominant, and seasonal variation was not
found in the number of occurrence kinds. Nauplius larvae of Copepodite
were predominant in summer and winter.

Number of kinds indicating marine pollution was a little.

Copépodite and Appendiculata are considered effective as an index of
marine pollution.

3. 8. 4 Benthos

Both the second field survey in summer.and the third field survey in
winter fevealed'a greater number of occurrence kinds of Annelida, Mollus-
ca and Arthropoda. As for the main kinds near the Umm Al Nar Plant in-
takes, Ophelina sp. of Polychaeta, Apseudes family of Tanaidacea and

- Grandidierella sp. of Amphipoda were dominant in summer and winter. But,
these kinds were scarcely observed at the other sites.

Polychaeta . and Amﬁhipbda are considered effective as an indicator of
marine pollution.



3.8.5 Coastal Organisms

The basic distribution pattern through all the sites consisted of Littor-
nidae, Chthamalus sp. and Isognomon sp. in the upper part of = the tidal
zone, and Balanus amphitrite, Pomatoleios kraussii and Siphonaria in the
lover part of the tidal zone, .

Number of kinds indicating marine pollution was a little,
3.9 Summary
3.9.1 Hydrographical Conditions

The Abu Dhabi Island faces the Arabian Gulf by the north coastal region
and the other 3 directions are surrounded by the lagoon. Channels in the
lagoon are shallow and narrow. :

Due to such physiographic features and comparatively large variation of
tidal level (maximum 2 m throughout the year), flow velocity in the
waterway is very fast with return flow. ' ' :

It is also noted that there is a time lag in variation of tidal current
and height of tide between éntrance and innermost portion of the lagoon
and as a result, exchange of sea water between the open sea and the inner
portion of the lagoon is not done well causing distribution of sea water
with high temperature and high salinity in the vicinity of the Umm Al Nar
Station which is considered to be affected by used sea water discharged
from the Plant.

Results of the harmonic analysis show that major 4 tidal components are
deminant.

Types of tidal currents are found to be diurnal tide offshore Abu Dhabi
Island and mixed tide in the lagoon.

As a result of this survey, the water current conditions in the
surrounding area of the Abu Dhabi Island and the Umm Al Nar Station are
clarified and sufficient data were collected to enable numerical calcula-
tion relevant to the oil diffusion. '

32.9.2 Survey on Marine Environment

As a result of this survey, present conditions of the marine environment
in the surrounding area of the Abu Dhabi Island are revealed. o

It was found that none of water quality, bottom sediment, planktons,
benthos and coastal organisms show distinct indications of pollution.

Recommended ifems of survey on the marine environment in the future are
shown in Table 3.9.1.
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Table 3.9.1: Recommended Items of Survey on Marine Environment

[tems

Site No
1

13
15
19
23
25

(bservation
Layer

Frequency -

Observation
Items

Water Quality

00000CC

* 0.5 m below
sea surface

% 1.0 m above
sea bottom

# Low tide period
&
high tide period
* Every 3 months

% Water temp.

* Salinity

% ph

* Dissolved oxygen
* Turbidity

= T0C

* Ammonic nitrogen
% 0il content

Bottom Zooplankion Benthos Coastal

Sediment (Net Melhod) Organisn
O O O O
O O O -
O Q O O
O O O -
Q Q O
O - O -
O - O -

% Surface of
sea bottom

% Summer period
&

winter period

% Particle size
distribution

% Specific
gravity

 TOC

x 0il content

* Mercury

* Copper

* Lead

% Zinc

% From 1 m above
sea bottom to
sea surface

% Low tide period
&
high tide pericd
* Every 3 months

¥ Identification
& calculation of
Copepoda

% Surface of
sea bottom

% Every 3 months

% Identification
& calculation
of Polychaeta
& Amphipoda

% Every 3 months

% Identification
& calculation
of kinds







Chapter 4 Influence of 0Qil-Contamination Sea Water and Desalination
Plants

4,1 Properties of Effluent 0il which has Influence on Power and
Desalination Plants

Fhen crude oil is spilled into sea. low molecular components of oil
gvaporate at_the beginning and a small amount of the components dissolived
in sea water. After light components have becen evaporated, the condensed
oil been evaporated is tossed about by waves and allows the water to mix
into, and a part of the oil forms water-in-oil emulsion and a part of the
oil forms oil-in-water emulsion and both emulsions will disperse into sea
water.

And a part of the heavy oil component forms oil balls and then whirls up
to sea surface. A part of. the heavy oil component, adhered sands and
other solid particles, forms sludge and then goes down to the bottom.

Fig. 4.1.1 shows a general concept of process of natural change of
spilled oil.

--@/ Water,Carbon dioxide
-~

N ——— . .
’ ~ =~z [{ Chemical degradation
\ Photolysis

\
\ Evaporation

\ é&}
\
Whirl up [% \

Adsorption

of partlcle Dispersion
131 seolunonu

Sedimentation / —= ,:' 2
. pPissolved hydrocarbon
A Biological degradation
-

*
-~ '.
"’ L
" 'C

Chemi cal degradation

0il sludge gppulsion eil-in-water hatcr,Carbon dioxide

Fig. 4.1.1: Natural Changes of Spilled 0il

In the process, effluent 0ils oxidized and decomposed by oxygen in air or
in sea water, -and photochemical reaction by solar radiation promotes the
oxidation‘_On the other hand, the oil dispersed to particles is digested
and decomposed by bacteria in sea water to carbon dioxide and water.

—— 27



According to a report, the following change is made in physical and che-
mical properties of effluent oil with the passage of time. The most out-
standing change in physical properties is an increase of water content.

That is, the oil includes sea water drops and forms water-in-oil emulsion
of high viscosity, and with the increase in water content, the specific
gravity, viscosity and pour point of the emulsion also increase.

By evaporation of volatile components, the hydrocarbons with  carbon
number of around 15 or less in crude oil decrease or disappear, but
little changes are seen on the hydrocarbons with carbon number of 16 or
more. As a result the ratio of constituent substances of effluent oil
changes greatly. :

Crude oil dissolved in sea water at 40 to 100 mg/l, and the light weight
component and the aromatic component dissolved easily in sea water. With
passage of time, the ratio of resin component and residual carbon compo-
nent increases. WYhen about 1, 000 hours have passed, rapid  increase in
total acid value is observed, which indicates chemical reactions such as
oxidation, polymerization and hydrolysis are taking place.

The above change 1in properties varies according to the kind of oil,
components, the state of out-flow and passage of time. Therefore, when
studying the influence of oil-contaminated sea water on the power and
desalination plants and measures to prevent contamination by oil, it 1is
necessary to study in conformity with their respective circumstances.

4,2 Influence on Efficiency of Desalination Plant

While inflow of floating oil can be prevented to some extent by a preven-
tive system, dissolved oil and emulsion state oil can flow into the
plants. Since the maximum concentration of oil flowing in the plants can
be estimated as 1, 000 mg/l or less, a study was made under this condition
on the performance and efficiency of each apparatus and equipment in the
desalination plants. '

The result of this study is as follows:
4,2.1 Pump

011l emulsions in sea water are further crushed to smaller particles by
the pumps, without attaching to the inner wall of the pumps and with- out
affecting their performance.

4. 2.2 Heat Transfer Tube

According to the experiments on adhesion of oil on inner wall of the
tube, adhesion of o0il particles to form cores takes place at first, then
the cores grow and finally reach to equilibria. Quantity of adhered oil
greatly differs depending on material of tube, physical properties of
oil, concentration of oil and flow speed of sea water.



Calculation of overall heat transfer coefficient (U) by the following
equation revealed that the decrease in the coefficient is only 0.5% when
oil in deposition in 2 gm thickness on the inner surface of heat transfer
tube in the evaporation chamber. '

Alsq,-the influence of change in viscosity of sea water due to mixing of
0il on the inner wall heat transfer coefficient (h,) and the cuter wall
condensation heat transfer coefficient (h,) is extremely small,

1 1 Inlrosi), 1
2. +
§) hi ri - 2y +

TRL R
hg 1y rij Fy

Yhere,

U  Overall heat transfer coefficient (per unit length) (kcal/mh °C)

hi: Inner wall heat transfer coefficient
hg: Outer wall condensation heat transfer coefficient
ri: Inside radius of tube

(kcal /m* °C)
(kcal/m? °C)
(m)

ro: Outside radius of tube (m)

Ar: Heat conductivity of tube {(kcal/mh °C)

Ei: Fouling factor inside tube ( m*h  °C/kcal)
( m*h  °C/kecal)

Ry: Fouling factor outside tube
4.2.3 Control and Measurement Apparatus

The temperature sensor in the control system of maximum temperature of
brine is not affected because it is covered by a protective sheath made
of stainless steel. There is no difference in indication of pressure
before and after the orifice in the flow control system, even if some oil
is intermixed into sea water to be measured.

Also, intermix of oil has almost no influence to the displacement of
liquid surface in communicating tubes in the liquid surface control sys-
ten. Since there are no problems in other measurement apparatus, in
"influence of o0il polluted sea water on the control and measurement appa-
ratus can be neglected.

4;2.4”Deaerat0r

Increase in viscosity of sea water by intermix of oil will change perfor-
mance - of the deaerator to slightly better direction. Even if a diameter
of hole in the spray nozzle becomes smaller due to adhesion of heavy oil
component in it, the effective height of deaerator becomes favorable if
there is-an allowance in pump capacity. However, if the adhesion exceeds
the above or the deposit changes the shape of spray, performance of the
deaerator will be dropped, but in actual application, the influence of
viscous heavy o0il component could be disregarded as the oil is removed
before it reaches the nozzle.



4.2.5 Brine Heater

When the temperature rises, fluidity of sea water containing oil is im-
proved owing to decrease in viscosity, and so it is thought that .intermix
of oil will not cause any bad effect on the heat transfer efficiency.

4. 2.6 Vacuum System

In case of oil components of low boiling point are intermixed in the
vacuum system and if cooling capacities of the vent condenser and the
ejector condenser are not enough, the components are not condensed and
are possibly discharged into air.

Also, since the subject plant is adapted to return condensed water
produced in the bent and ejector condensers back to the condensation
chamber of the evaporator, oil in the condensed water will be intermixed
into production water, which results in deteriorating quality. :

4. 2.7 Evaporation Chamber

The oil separated from sea water is apt to deposit on the side  wall of
condensation chamber and contaminate the inside of the condensation
chamber and product water. o '

As described in the above, it is considered that oil-polluted sea water
{oil content 1,000 mg/1 or less) will hardly decrease the efficiency of
desalination plants or will not interfere their operation in a short
time, except deterioration of coating material on the inner wall and that
of quality of drain in the vacuum system and the product water.

4.3 Influence on Electric Power Plant Efficiency

In the Umm Al Nar West Power Plant, the following equipment use sea
water. They are bound to undergo o0il contamination.

(1) Surface condenser

(2) Water cooler

(3) Lubricating oil cooler for the steam turbine
(4) Air cooler for the generator

In these 4 equipment, the surface condenser serves for maintaining ex-
haust pressure at a low level by condensing exhaust steam from the = tur-
bine, which effects direct influence on the power generating efficiency.

The other 3 equipment are the auxiliary equipmént to prevent and suppress
heat in various equipment, which do not effect direct_ influence on the

generator efficiency.

Therefore, examination on the surface condenser, to'which-influencé from
0il contamination is most likely was carried out, on condition of the
degree of contamination around 1, 000 mg/1 on ‘the same condition as des-

cribed in 4. 2.



The surface condenser is provided with 6, 446 cooling tubes. Sea water
flows within these tubes, while steam flows from top to bottom outside
the tubes. Steam is cooled and condensed while flowing and temperature is
elevated by several degrees.

Inside the tubes, heat is transferred from the wall to the sea water in
turbulent condition. Qutside the tubes, heat is transferred from steam to
the tube wall through thin layer of the condensed water. Accordingly,
when the sea water is polluted, only the flow of heat within the cooling
tubes is influenced.

Taking this fact into consideration, it was examined how heat transfer in
the surface condenser is effected by o0il contamination, Besides, it is
difficult to predict the form and values of physical properties of the
spilled oil because they change naturally as the time elapses, as des-
cribed in 4. 1.

Therefore, as contamination was assumed spilled oil itself, the influence
of contamination caused by it and of the change in properties of sea
water with its dissolution were examined.

The performance of the condenser in an electric power generating plant,
in other words, heat transfer efficiency is given by an overall heat
transfer coefficient K expressed in the following equation.

Ow ¢ dsg
K= E::-?—asb—x F  (kcal/m?h °C)

Yhere,

dw: heat transfer coefficient on the tube (sea water) side of condenser
tube

& s: heat transfef,coefficient on the shell (steam) side of condenser tube

F: cleanliness factor of condenser tube

Where. sea water passing through the condenser cooling tubes is oil-
coneqminated elements affected by oil pollution in above equation are dow
and F. aw changes by the sea water property changes due to their oil
‘pollution and F changes by the cooling surface cleanliness decrease, due
to oil particles adhesion in oil-in-water emulsion sea water.

0il particles adhesion would presumably be less than 0. 6% of total area
inside the internally smooth tubes under turbulent oil-in-water emulsion
flow with oil concentration of 1,000 mg/l and oil particle mean size of
20 microns. Due to the uneven internal surface of condenser steel tubes
which have been caused by long time operation, I would be considered to
be reduced less than 1 to 2% at the most, with more adhesion area inc-
rease. :



@ is expressed with the oil properties as follows:

06 _ 08 0.4 M
agw = 00338« dweyweCpweiw

i1w: thermal conductivity of sea water (kcal/hw(C)

rw i specific weight of sea water (kg/m® )
Cpw: specific heat of sea water (kcal/kg*C)
7w . viscosity of sea water . (kgh/m?)

Where t (%) is an oil concentration rate in complete dissolution in sea
water, the above equation is expressed by a function of t as follows:

aw = 6.99 x 103 x f{t)

£(t) = (1 - 0.007826)>°7 x (1 - 0.00118t)"" x (1 < 0.0053¢)°%
x (1 + 0.0122t) -2 :

‘In case of t = 0.1, which means that the oil completely dissolved in sea
water is 0.1% aw decreases by 0.2% and K decreases by reduced O0.1%
under F constant, when calculated by the above equation.

It is said that crude 0il solubility in water would be approximately 100
mg/l, that is 0.01%. It would be very difficult to predict the relation-
ship between changing properties and increasing solubility - which would
eventually occur during its dissipation process into sea water.

However, it would be sufficient in this study to estimate that the de-
crease of K due to the decrease of adwis less than 1¥ under F. constant.

In conclusion, the reduction of overall heat transfer coefficient of
thermal electric power plant would be less than 2% due to a combination
of two factors, the decrease of heat transfer coefficient by dissolved
oil and the decrease of cooling area by oil particle adhesion.

Consequently. the decrease in overall efficiency of power plant is
expected less than 0.01%, considering the relations between efficiency of
power plant and pressure in condenser,

4.4 Influence on Quality_of Product ¥Water
4.4.1 Intermix of 0il into Product Water

A computer program for simulation by a numerical model was prepared for
behavior of hydrocarbons in the evaporation chambers of the plant when it
is operated with seawater containing oil, and evaporation rates of oil
components at each stage of evaporation chamber were calculated. :

According to the results of simulative calculation (an example of 100
mg/1 concentration of oil components in sea water is shown in Fig. 4.4.1)
the oil contents distilled into fresh water from raw sea water is about
40% when oil concentration in seawater is 10 mg/l, and about 27% when oil
concentration is 10,000 mg/l, and the remaining oil being left in the
exhaust brine side. } '
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Evaporation Rate of 0il (kg/h)

504
Cue Che Stage Evaporation Egg}:’;ﬁ E,Valx)rati{();:g(l)%lj Concent:(:r?é}g?
0 47 48506 10320 |
Cia 1 44.7 25799 | 5771
2 45.8 2955 5452
3 439 1.526 3476
4 465 0748 1609
: 5 445 0.564 1265
40H'C.1 6 45.6 0446 9.78
7 438 0.330 7.55
8 4148 0.256 5.7%
9 430 0.186 433
10 411 0.134 327
11 §2.2 0101 242
12 41.8 0073 1.76
204 13 £0.1 0.051 1.29
: 14 397 0.036 093
Cro 15 39.4 0.025 066
C1o 16 36.4 0017 0.47
C* 17 361 0.012 033
18 305 0007 0.25
Cua Y 154.73% 51772 1683
_ * Tncluding O Stage
20
Ce
Cw
104 ©* o
Remarks: Make-up Sea Water: 2,475 t/h
0 Stage means Dearalor
Cs Cis
) Ca Cz -C
B B =Y T e S . .
0 1 2 3 4 5 6 7 8 9 10 11 12 1314151617 18

Staqges

Fig.. 4.4.1: Evaporation Rate of 0il at Each Evaporation Stage of

0il-Contaminated Sea Water

Case of 100 mg/I 0il Content in Sea Water (0il Content 0.2475 t/h)



Assuming that all of distilled oil components are intermixed in product
water, the oil concentration is product water becomes 12 mg/! in case of
10 mg/l oil concentration in sea water and 8 200 mg/l in case of - 10, 000

mg/1 concentration in sea water.

It has been made clear that low boiling point compounds in crude oil,
cvaporate easily and transfer to the fresh water side. When the sea water
is polluted by a small amount of crude oil (about 10 mg/l o0il concentra-
tion), most of oil components e¢vaporate in the deaerator. Even in case of
1, 000 mg/] concentration, gasoline component evaporates into the deaera-
tor, and most of kerosene and light oil components evaporate at 1 to 4
stages of high temperature side.

The vapor pressure of the components having relatively high carbon num-
bers (C20 or mere) rapidly drops with decrease in temperature, and then
only a small amount of the components shift to fresh water side at medium
and lower temperature stages. On the other hand, even in. case of sea
water pollution by large quantity of crude cil (10, 000 mg/1 oil concent-
ration), most of kerosene and light oil components evaporate at high
temperature stages, while a small amount light oil and other ' components
with higher boiling points than light oil shift bit by bit to fresh water
side at medium and low temperature stages

The above describes the behavior of o1l content in liguid phase, and the
behavior of dissolved 0il in sea water can be. considered as follows. . As
the result of calculation based on Henry’s law, about 90% of aromatic
hydrocarbons such as benzene, etc. shift to vent gas and exhaust brine in
a MSF plant, and the rest dissolve in product water.

For example, if the concentration of benzene in raw sea water is 10 mg/1,
1.2 mg/1 will shift to product water and the concentration of vent con-
densate will be about 5, 000 mg/1.

Table 4. 4.1 shows a calculation result in case of benzene.

Table 4.4.1: Calculatlon Result of Evaporation and Dlssolutlon Behav1ors
of Benzene/Water

i N ’ _" 1

! Temp. Deacrator | Deaerator | Evaporation| Product Removal - a _
Inlet Outlet ¥ater Water Ratio 8 3 2
C) (mg/1) (mg/1) (mg/1) (mg/1) ) 2 gy § 8
.. : - _ — g g o 4;
35 10 1.9 6.3 1.2 83 @ I
50 10 1.9 6.3 1.2 a8 Conden-__l
G0 10 1.9 6.3 1.2 88 ser S
T0 10 1.9 6.3 1.3 a7 4 Evaporation
80 10 1.9 6.2 1.3 87 J E " Watex
- T .
iR Tatoy B
Remarks: _
Deaeration Intet - Product Water A ‘
Removal Ratio = —m"™———— x 100 Deaerator

Deaeration Inlet Outlet



4. 4, 2 Standard Related to 0ii Content in Product Water

Aithoggh there is no'worldawide standard related to oil content for
drinking water, ‘there is 4 stipulation of WHO standard related to oil

contamination, namely 10 ng/l benzene” and “the taste and smell by which
many consumers shall not feel unpleasant”. :

Although the content of benzene in the crude oil is only a little, ben-
zene will be concenirated in water because its solubility in water is
large. It is said that the limit of sensing odor of light oil 1is (.22
mg/1 by concentration in water. Under the condition of simulation (3. 4.
(1)), the oil concentration in product water far exceeds WHO standard.

4.5 Influence by Chlorination
4.5.1 Formation of Trihalomethane by Chlorination of Sea Water

In chlorination of sea water, trihalomethane (THM) is formed by reaction
between humic existing in sea water and chlorine. Since bromide ion 1is
contained in the sea water, most of the formed THM is bromoform and the
_rest is dibromochloromethane and the like. There is a survey report stat-
ing - that the maximum concentration of total THM at the discharge water
outlet in power/desalination plant was 90 ng/l.

For the rate of THM fbrmafion,.the following equation has been proposed:
THM = 0.83 x 102 (pH - 2.8) C C120.23 t0.3b
Where,

C: humic acid
: concentration of matter in mg/l
t: time in hour

According to this equation of reaction, THM will not be formed if free
chlorine does not exist, but concentration of free residual chlorine does
not give as much effect as that of humic acid, pH, or time {factor.
Consequently, control of chlorine addition is not very effective to
decrease formation of THM.

4.5.2 P0581b111ty of THM Formation by Chlorination of 0il-Contaminated
Sea Water

Since there were no examples as:to the formation of THM by chlorination
of oil- conta1n1ng sea water, a study has been made to find the possibili-
ty of THM formation based on the research on formation of chloroform by a
reaction bétween organic compound and chlorine. The result of this study
is as follows:
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Reaction between benzene or toluene contained in crude oil and. chlorine
takes place a little; 15 to 19% of them become organic chlorine
compounds whose 2 to 2.0% is chloroform and most of the rest are chlori-
nated organic compounds other than THM. In other words, the reaction with
chlorine forms about 10 «g/1 of THM, which is only a small amount.

Also, with regard to naphthenic acid in naphthenic crude oil, in
consideration of the fact that carboxylic acid which has similar
properties as naphthenic acid forms a small amount of THM, it can be
assumed that naphthenic acid alsc forms some THM. :

The crude oil spilled into sea water is oxidized and decomposed to carbo-
xylic acid, ketone and phenol. As for acetone, 55% of its chlorine con-
sumption participates in formation of chlorinated organic compounds,
about 20% of which becomes chloroform. :

In case of phenol, about 9% of its chlorine consumption becomes chlori-
nated organic compounds, about 9% of which becomes chloroform.. Therefore,
it seems that more chloroform is formed in case of presence of a
substance produced by oxidation and decomposition of the crude oil,

There is an experimental report saying that formation of bromoform was
increased by chlorination of sea water to which water-soluble fraction of
Kuwait crude oil was added, and so it can be thought that the presence of
crude oil components increases formation of THM.

Since production of THM changes substantially depending on the various
conditions such as composition of mixed oil, temperature condition and
concentration of free chlorine, it is desirable to clarify phenomenon of
THM production by reviewing various conditions of MSF type -sea water
desalting plant, by reviewing compounds possibly mixing into sea water in
case of oil spillis and to conduct a systematic experiment satisfying the
foregoing conditions.

4.5.3 Possibility of THM Intermixing in Product Water

Henry’ constant of bromoform is relatively large, and then assuming that
100 ug/1 of bromoform is intermixed in sea water, it is condensed to 202
pg/1 in product water according to calculation.

Since such precursors as humic acid, fulvo acid, etc. are macromolecular

compounds, little wvolatility, and therefore, they could not be  trans-

ferred to product water. However, if the raw sea water contains carboxy-

lic acid, ketone and phenol which were formed by oxidation of erude  o0il, .
these are dissolved in product water after passing through evaporation

and condensation stages. If such product water is chlorinated, there is-
considerable possibility to form THM. o



4.6 Inf]uence on Corrosion of Plant Materials

Since no example of the study could be found on corrosion of a desalina-
tion plant in oil-containing sea water environment, a study was made on
the result of corrosion test which was conducted by installing specimens
of various structural metals in the oil tank of a tanker, and also on the
corrosion test of various metals conducted at the hydro-desulfurization
facilities in an oil refinery plant, as examples of corrosion tests in
‘similar enviromment,

Summary of the study result is as follows:

(1) Pitting by hydrogen sulfide in crude oil occurs in copper alloy and
carbon steel.

(2) While corrosion-resistance of titanium is very good, there is "possi-
bility that stress corrosion by chloride occurs in stainless steel.

(3) Among non-metallic materials, epoxy resin, phenolic resin and syn-
thetic rubber are subjected to severe deterioration.

(4) Heavy o0il and heavy fuel oil have corrosion-proof effect by self-
formed oil film against whole surface corrosion.

(5) When free surface boundary is formed by oil, corrosion of the part in
gaseous phase is more severe than the part in liquid phase.

When studying corrosion of materials in the subject plants based on these
study results, there is possibility that copper alloy will be attacked by
hydrogen sulfide and corroded.

However, this will happen when the material is in direct contact with oil
for -many ‘hours, and so the above result may not be applicable to the
present case, that is, the material comes into contact with sea water
containing oil content of 1,000 mg/1 or less for a limited hours.

'1f the sea water is separated into two lavers, sea water and oil, and the
material is held in oil layer or in intermix of high concentration oil
for a long period, it is fully possible that the material will be damaged
by corrosion. :

Also, it is quite possible that if environmental condition of the plants
is the same as the above condition, deterioration of the epoxy resin used
for coating of evaporation chambers in the subject plant will occur.

In - order to make suitable evaluation on corrosion by oil-polluted sea
water, it is necessary to conduct a systematic survey in the future.






Chapter 5 Countermeasures against 0il Pollution and Theiv Evaluation

5.1 Numerical Calculation on Qil Diffusion

A detection system of oil spills (an oil pollution monitoring) or a pre-
ventive system of oil pollution can be taken up as practical measure for
the prevention of oil pollution. To select monitoring points, the flow
routes and arrival time of oil, flowing from Arabian Gulf to the preven-
tive system of 0il pollution and to the sea water intake point of Umm Al
Nar Power and Desalination Station, must be fully grasped since the moni-
tors need to be set up at points which will allow the plant superinten-
dents to have enough time to take emergency actions.

Therefore,  in this chapter, current conditions from Abu Dhabi Island to
the sea around Umm Al Nar are predicted by way of numerical simulations,
and ‘the . movement of o0il is to be traced in this sea area by using
Lagrangian markers. '

The object of these measures is, out of these results, to obtain the
basic materials for the selection of the monitoring peints in order to
conduct measures for the prevention of oil pollution, and to the examine
the. preventive system of oil pollution, by calculating the arrival time
and flow routes to the preventive system of oil pollution and to the area
near the sea water intake point of Umm Al Nar Station.

5.1.1 Current Conditions of Designated Area

The most important_factor in understanding the flow routes of oil and its
arrival time is to fully grasp the current conditions of the designated
sea area, and to be able to reproduce current characteristics of the sea
area.

Summaries of the sﬁrvey results for hydrographical conditions are as follows:
(1) Cdmponent'df'Tidal Current

The current is composed of various tidal components with Tide M, or S;
having about a 12 hour period, or Tide K, and Tide 0: having about a 24
hour period. The above four tidal components are called the principal
four tidal components and most of them can be reproduced. The fluctua-
tions of the four tidal components are shown in Fig. 5.1. 1

According to -this figure, the data observed at an actual site 1is very
similar - to the composite currents of principal four tidal components.
Therefore, in order to reproduce the tidal current of the designated sea
area, it is appropriate to consider the principal four tidal components;
Tide M., Tide S;, Tide K, and Tide 0. '
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Fig. 5.1.1 The Principal Four Tidal Components and the Observed Data

(2) Constant Flow of Ocean Current in Arabian Gulf

Detailed information of the ocean currents in Arabian Gulf is not availa-
ble. However, according to the navigation guide of Arabian Gulf published
by the Maritime Safety Agency, Japan, its ocean current clearly flows
into Arabian Gulf, changed to the prevailing westerly current through the
Hormuz Channel in most months of the year. In front 6f the ‘designated
area, a fair current or a countercurrent of the prevailing westerly -cur-
rent is said to exist, though other points are uncertain.

From the results of site observations, at offshore site 15, a south-west
current at about 5 cm/s was constantly flowing during October 10 to 14,
1988 and February 18 to 22, 1989, and the existence of a constant flow in
Arabian Gulf was observed. o



(3) Constant Flow in the Lagoon (Drift Current)

When the wind blows, a tangential stress by wind works on the sea sur-
face, and its stress affects the current. In this chapter, drift currents
which are conceivably an important factor in the diffusion of spilled
oil, will be examined especijally.

To 'see the conditions of wind and current in the designated area, a com-
parison . is made between the current vectors of tidal currents (25 hour
moving average value) and wind vectors at sites 19 and 23, and the fluc-
tuating conditions of the two are revealed to be quite similar thus indi-
cating that current by wind exists. However, a changing ratio from wind
to current {(coefficient of wind force) and a direction of current were
not obtained from the observed data.

5.1.2 Predicted Model of Current Conditions

As mentioned in 5.1.1, the current of the designated sea area has largely
‘three elements, and casual outer stresses are "an up and down motion of
tide”, “an element by ocean current outside the bay” and “a tangential
stress by wind”. A current with such different causal outer stresses has
to be predicted in reproducing current conditions.

Though - the causalities of current are different, the phencomena are the
same in terms of being a dynamics problem solvable by the motional equa-
tions of Navier-Stokes with conditions such as pressure on sea water,
friction on sea bottom and on sea surface, and effects of topography.

Motional eguations of Navier-Stokes and continual equations are shown
below. :
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Yhere,

u,v @ Average current velocity of x, y directions respectively
{ : Water level | |
h : Depth of water
f @ Coriolis coefficient (= 20 sing )
w : Rotation speed of the earth
! Latitude
oo 2 Density of seawater
T, Ty - Friction stress at sea bottom
Tx , Ty . Share stress at sea surface
An : Viscosity coefficient of horizontal vortex
g © Gravitational Acceleration
The friction stress at the sea bottom and the share stress at

surface ar

Where,

LI
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¢ respectively;
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pq Co w,‘d W,z + w_yz

» ¥ind velocity over sea surface

: Resistance coefficient at sea surface

: Density of air

! Roughness coefficient of Chezy (= n-* h /%)
. Roughness coefficient of Manning

: Proportional ceoefficient
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(1) Prediction Cases
Prediction cases are shown in Table 5. 1. 1.

Table 5.1.1: Prediction Cases

Item Content

A-1 Tidal Current Max. spring tide periad

M, + S, + K, + 0p)

A-2 Ave. spring tide period M, + S,)
A-3 Middle tide period (M,)

A-4 Neap tide period (M, - S,)

B-1 Constant Flow South-west current § cm/s

C-1 Drift Current ¥ind direction N, velocity 5 m/s

C-2 Wind direction NW, velocity 5 m/s

C-3 ¥ind direction S, velocity 5 m/s

D-1 Intake vol. at power st. 126.4 md/s
E-1 - Discharged vol. at power st. 123.3 m%/s

(2) Prediction Conditions
1) Subjective Range of Prediction
A subjective range of prediction is as is shown in Fig. 5.1.2 considering

the current conditions and the topography of the designated sea area.
Also, it is divided into square grid size of 200 m each.
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Fig. 5.1.2: The designated Sea Area
2) Open Boundary Condition

At the open boundary where calculating regions adjoin the sea, the
following conditions are given.

{a)} Calcuiation of Tidal Current

A tidal vibration is given with cos function at the open boundary. And,
setting of harmonic constants, hb and x is referred to the tidal harmonic
constants observed tide-levels, and is carried out as the result of the

trial and error of conformity of current.

Also, an offshore boundary was searched at the linear eguaticon between
the sputh-west and north-east boundary.

(b) Calculation of Constant Flow

A water level difference is given so as to have the set up velocity (5
cm/s, south-west) at the offshore 5 km point away from Mina Zayed.

(¢) Calculation of Drift Current

A wind velocity is given at 5 m/s at the set-up wind directions (N, NW,
and S). An open boundary at this time is a freec boundary.



3) Closed Boundary Condition

It is considered that there is no flow through harbor structures such as
lands or breakwaters.

4y Natural Condition

A coastal topoglaphy and a depth of water were set up with the following
materials.

* Hydraulic Chart No. 3179 published by Hydrographic Office, of Maritime
Safety Agency in Japan

% Hydraulic Chart No. 3752, 3713 by WED

* Aerial ﬁhotographs by WED

5) Coefficient of Calculation

(é) Viscosity_Coeffiqient of Horizontal Vortex (AiA,,
(A,=A, ) 5><104mf/s is in this item.

(b) Cofiolis Coefficient (f)

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

f==2msing =6.020X 107581

- Angular velocity of the rotation of the earth
o = North latitude of the designated area

(é) Friction-Coefficient of Sea Bottom (?%)
2

yi=g/c

Cp= Gravity Acceleration
= Roughness cdefficient of Chezy

{(d) Coefficient Involving the Friction of Sea Surface

<Resistance coéfficient-of'the sea surface> Cd = 0.0026
<Proportional constant> k = 0.25
<Air density> : p = 1.00g/cw’

5.1.3 Conformity Examination of Predicted Value and Actual Value

(1) Prediction of Tidal Current

In order to determ1ne ‘the conformity of predicted value and actual value,
the examination was carried out using tidal! current ellipses by harmonic
constant of tidal current obtained by the site observation and the pre-

diction.
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The comparison at the period of average spring tide is -shown in Fig.
5.1.3.

These results iundicate that the predicted values of -the current-direction
and the current velocity at eight survey points except Site 23, accord to
the actual values, Site 23 ig in a narrow channel and the 200 m of the
square for prediction was not enough to reproduce the topography.

As for the other survey points, the predicted values generally accord to
the observed ones. And the conformity of the prediction model to the
designated sea area and the suitability of prediction conditions was
confirmed.

ST. 1 ST, 9
Notes . _ N
N N —— Predicted Value
----- Actual Value
o {Oct. 1988)
-1+-10 ) J—SO —-—  Actual Value
: "{Feb. 1989)

ST. 7 ST, 15

S S

Fig. 5.1.3: Comparison with Actual Value (Tidal Current Elllpses) and .
Predicted Value Tidal Current Hodograph)
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(2) Prediction of Constant Flow

An  examination of the prediction was carried out with an example of the
current velocity at a point 5 km offshore Mina Zayed,

As . for the current ve1061ty at the 5 km point offshoxe Mina Zaved, the
predigted value is as “current velocity : 5.2 cm/s”, "current direction
315 degrees”, the same as the value set up first. Therefore, the suitabi-
lity of Dredlctxon conditions was confirmed.

(3) Prediction of Drift Current

As for the prediction of a drift current, the examination of the conform-
ity between the actual value and the predicted value was not fully carri-
ed out since the wind condition at the observed time did not accord to
the_assumed wind on prediction. However, the result of the drift current
prediction model and its condition are assumed to be appropriate, judging
from the fact that conformity at other points was fully checked.

5.1. 4 Prediction Results of Current Conditions
(1) Prediction Results of Current Conditions around the Abu Dhabi Island

Summary of the predicfion results of current condition results around the
the Abu Dhabi Island are as follows:

1} The sea water flowing from Mina Zayed is divided into two streams. One
is going up south-east. through Baghal Channel, and another is going up
to south channel of the Abu Dhabi Island through the channel at the
east side of Ashuoo and between Assumaliyah and Qassar Essal.

2) The sea water flowing from Assamaliyah goes up around the southernmost
end of the Abu Dhabi Island.

3) The south-east current was assumed as the constant flow of ocean
currents in Arabian Gulf. However, the component of this constant flow
hardly affects the current around the Abu Dhabi Island.

4) As for the drift current caused by constant wind blow, three wind
directions (N, NW, S) were predicted. Reflecting the complexity of the
topography of the designated sea, a topographical vortex flow has
developed to a great extent. Besides this it was observed that the
current direction becomes a fair current in the same direction as the
wind in the channel, but its .countercurrent occurs in the shallow
water as usual.

It should be noted that a horizontal circulation current is stressed
since the prediction was a single layer model.

| 5) Tﬁe sea'water'fiowing from Khalidia goes up to the observation Site
23, but does not go near Umm Al Nar Station

JR— 47 ——
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Fig. 5.1.4: Flowing Conditions of Sea Water

(2} Prediction Results of Current Conditions near the Sea Water Intake
and Brine Discharge

1) The sea near the intake is influenced at points by the water mass from
Mina Zaved. The current velocity declined to several cm/s quite near the
sea water intake point, but the current velocity in the area ' where the
channel adjoins was 20 to 30 cm/s during the maximum spring tide period.

2) There is almost no effect of the component of constant flow of the
ocean current in Arabian Gulf to the recess of the lagoon.

3) As for the influence of drift current near the sea water intake faci-
lity, the water mass moves along the coast from the north at times of
northerly wind, and at times of southerly wind the water mass moves
from the other direction. Therefore, as mentioned above, the sea water
flowing in from Khalidiya did not affect the vicinity of the sea water
intake point, but the drift current sowmetimes works on the inflow of
water from the south. : : :

4) The influence of intake and discharge sea water is limited to near the
area. Since the two of them which are in the recess of the lagoon,
discharge sea water is assumed to be recirculated.



5.1.5 Examination of Countermeasures to 0il Pollution Accidents with
' Marker Tracing

The above mentioned results (refer to 4.1.4) indicate the wvariation of
the current velocity and the direction at fixed points, since the oil
flows in the designated sea water move on the cutrenis from time to time,
and the prediction results in the previous section are not full enough to
grasp mnuch information about oil routes or movement time. That is, they
cannot be satisfactory as basic materials for the examination of an oil
pollution monitoring system or a preventive system of oil pollution

Therefore, in this section, a prediction will be done on how oil reaches
a. certain point (this point can be the subject of examination on setting
the monitoring system or preventive system) moves, and how long it takes
to reach the sea water intake point of Umm Al Nar Station or the preven-
tive system of oil pollution.

(1) Prediction Time

The markers thrown at the start of flood current at a certain position
reach the farthest point in a half hour period (6 hours), and returns to
where it was thrown. Therefore, if the movement routes in this  period,
from:the start of flood cutrrent to the start of ebb current, are grasped,
the object here will be attained. Thus, markers for 6 hours from the
start of flood current will be traced. '

(2) Position of Marker Thrown

Positions of markers thrown will be shown at each section of 1 to 7 and A
to F in Fig, 5.1.5, :
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(3) Prediction Case

As mentioped in the previous section (5.1.4), the current of the subject
sea area is composite of 4 elements.

And those elements can be classified as follows:
* Permanent element ------ Tidal current, Intake & Discharge current
% Temporary element ------ Drift current, Marine current

Temporary element denotes the current with uncertain occurrence and
continuation period.

‘Therefore, overall investigation of current of the subject sea area takes
permanent element into consideration on the one hand, and the prediction
of the current near the intake requires the 2 factors mentioned above,
because there is possibility for the passage to be greatly influenced by
both elements.

Cases are shown in Table 5.1.2.

Table 5.1.2: Prediction Case

_ : Drift

Tidal 1&D 1" Current Ocean Section
Carr. Flow Current Thrown In

S ‘ N INF¥ S
MSTP | Intake x| X | X * Total 7 Sections
ASTP | 126.4 m®/s X X > See 1V - 7
MiTP Discharge x I x| X =
NeTP 123. 3 m¥/s X | x| X X
MSTP | Intake OO O X Total 6 Sections
ASTP 126. 4 m*/s OO0 = See A - F
MiTP Discharge | OO O - X
NeTP | 123.3 m¥/s OO e
MSTP Intke OO O SK Current | Total 6 Sections
ASTP 126.4 m/s | O{ O () SH Current | See A - F
MiTP Discharge Ol O] O SK Current
NeTP 123. 3 m®*/s OO T O | S¥ Current

Remarks : MSTP: Maximum Spring Tide Period
ASTP: Average Spring Tide Period
MiTP: Middle Tide Period
NeTP: Neap Tide Period
1 & D: Sea Water Intake and Brine Discharge

(Note) Blanks in Table mean the current component is not added



{4) Prediction Results

1) Movement Conditions of Marker in Kemote Area from the Sea Water Intake
Point

{(a) Section 1

Markers in the section 2.5 km north-east of the entrance of the lagoon
are taken into the lagoon with a water mass at the 5 km point off ‘the
iagoon at the maximum spring tide. They flow up to a maximum of 14 km off
the entrance of the ltagoon. At middle tide, that is, an average tide, the
water mass 1 km off the entrance of the lagoon is taken in but they flow
in only up to about 2 km from the entrance of the lagoon, (Refer to Fig.

5.1.6)

' Maximum Spring Tide Period

B3

7

%/‘ Middle Tide Period
Y.
7~

Fig. 5.1.6: Result of Marker Tracing (Thrown at Beginning of Rising Tide)
<Section 1>

" (b) Section 2

Markers thrown in at three positions in the lagoon flow along the coast
of Baghal Channel and have traces of about 16 km. At middle tide they
flow in up to about 9 km, but do not reach the sea water intake point for
a semicycle period. (Refer to Fig. 5.1.7)
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Fig. 5.1.7: Result of Marker Tracing (Thrown at Beginning of Rising Tide)
<Section 2)

(c) Section 3
Markéfs ‘thrown in the water lane go up to the south-east carried along

Baghal Channel. The flow route shows the same case as those markers to
Baghal Channel in Section 1. (Refer to Fig. 5.1.8)
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"Fig. 5.1.8: Result of Marker Tracing (Thrown at Beginning of Rising Tide)
' <Section 3> '



(dy Section 4

Markers thrown in are divided into the ones which go up to Baghal Channel
and the others going to the lane between Assamaliyah and Qassar. Essall.
The latter goes close to 1 km near the sea water intake point at maximum

spring tide. (Refer to Fig. 5.1.9)

7 = ; o ot 1 | A - . ;;""
./ ~Maximum Spring Iide Period }j; Middle Tide Period
PR 2

Fig. 5.1.9: Result of Marker Tracing (Thrown at Beginning of Rising Tide)
<Section 4>

{e) Section 5

Some markers thrown in this section flow into the lane leading to the
intake, but most of them scatter towards Fahd or Umm Al Tamam,  which
indicate that some of the water mass going through Baghal Channel ‘flows
into the lane which leads to the sea water intake point, but is reversed
at the lane due to a reversed current. (Refer to Fig. 5.1.10)
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Fig. 5.1.10: Result of Marker Tracing (Thrown at Beginning of Rising Tide)
' <Section 5> '

{(f) Section 6

Markers arrive near the sea water intake point at maximum spring tide.
This is presumably due to the fact that the lane between Qassar Essall

- and Assamaliyah is a main current flowing to the sea water intake point.
(Refer to Fig. 5.1.11)
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Fig. 5.1.11: Result of Marker Tracing (Thrown at Beginning of Rising Tide)
<Section 6>



(g) Section 7

Markers arrive near the sea water intake point in 5 to 6 hours at maximum
spring tide. In other cases they do not reach the sea water intake point.
(Refer to Fig. 5.1.12)

F\{f‘ Maximum Spring Tide Period v Middle Tide Period

Fig. 5.1.12: Result of Marker Tracing (Thrown at Beginning of*Risiﬂg Tide)
<Section 7> :

2) Movement Conditions of Marker near the Sea Water Intake Point

Movement conditions of markers near the sea water intake point were
examined in 6 sections from Section A to F as shown in Fig. 5.1.5. Below
is the summary from each section of the movement conditions of markers.

(a) Section A

Markers reach the sea water intake point in 5 to 6 hours from the - start
of flood current at maximum spring tide regardless of drift current by
wind. In other tidal periods, they reach at the most 3 km away from the
sea water intake point even at the average spring tide. (Refer to Fig.:
5.1.13) '

—_— 56 J—



Maximum Spring Tide Period Average Spring Tide Period

%] Constant Flow Constant Flow

Drift current | HW

— o Drift current | AW

Fig. 5.1.13: Result of Marker Tracing <Section A>

(b) Section B

At maximum spring tide, they reach the sea water intake point area in 3 to
4 hours from the start of the flood current. In other tidal periods, they
reach to 1 to 2km from the sea water intake point area in the case of no
drift current ( only a tidal current and an intake and discharge flow).
However, when there exists a drift current, the movement of the oil lump
shows a complicated route due to a complicated topographical whirlpecol in
the south sea area of Qassar Essall. But it moves rather north-eastwards,
in an opposite direction to the intake. {Refer to Fig. 5.1 14)

Maximum Spring Tide Period - Average Spring Tide Period

| J ( Qj N4 (
DX N %d
W] w o

Fig. 5.1.14: Résult of Marker Tracing <Section B>

Constant Flow
Drift current | HW




(¢) Section C

A big movement of oil was not recognized, as Section C is positioned be-
tween the sea water coming through Baghal Channel and that coming from
between Assamalivah and Qassar Essall at the maximum spring tide.

Therefore, when a drift current occurs, it comes on the side of the sea
water intake point along the peninsula where there is a power plant, but
it does not reach the sea water intake point. On the other hand, at other
tidal periods, oil moves along the peninsula because of the inflow of sea
water coming through Baghal Channel to the lane of the sea water intake
point. When a drift current due to a northward wind is added, it arrives
in 4 to 6 hours. (Refer to Fig. 5.1.15)

Maximum Spring Tide Period Average Spring Tide Period

Constant Flow
brift current

Constant Flow | O
Drift currant | HW

0

Fig. 5.1.15: Result of Marker Tracing <Section C>
(d} Section D

Section D is a sea area influenced by the flow of intake and discharge
water. At the maximum spring tide, it reaches the sea water intake point
in 3 hours. In other tidal periods, other than a drift current by &
southward wind, it reaches the sea water intake point in at the most 6
hours. (Refer to Fig. 5.1.16)



Maximum Spring'Tide Period Average Spring Tide Period
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Constant Flow
Brift current | HW

Constant Flow
Brift current | WV

Fig. 5.1.16: Result of Marker Tracing <Section D>

(e) Section E

At the maximum spring tide, o0il reaches the sea water intake point area.
At other tidal periods, it reaches the sea water intake point area only
with a drift current by a southward wind. Its minimum arrival time 1is
about 3 hours at maximum spring tide with a drift current by a southward

wind. (Refer to Fig. 5.1.17)

Maximum Spring Tide Period Average Spring Tide Period

G

Dhabi

el and

Constant Flow
{brift curreat | UM

Fig. 5.1.17: Result of Marker Tracing <Section E>



{f) Section F

The movement of oil here, shows the same tendency as Section E since it
is about 1 km apart from Section E, but the possibility for the oil to
come near the sea water intake point is greater since it is about 1 km
closer to the sea water intake point than Section E. (Refer to Fig.
5.1.18)

Maximum Spring Tide Period : Avefage.Spring Tide Period

(L ’@0% o Ry A4

Dhabi /\\
ol | U
| M '
Fig. 5.1.18: Result of Marker Tracing <Section F>

[sland

Constant Flow | O
prift currant | RW

5.1.6 Summary

in this Chapter, a prediction was performed in order to examine the pre-
ventive system of oil pollution and the appropriate selection of posi-
tions of the monitoring system of oil pollution which senses an inflow of
oil into the designated area. The summary is as follows.

(1) Range of oil flowing into the lagoon from Arabian Gulf

At the maximum spring tide, a water mass from the Gulf to about 5 km
offshore is taken into the lagoon. Its arrival time to the sea water
intake point is about 2 to 5 hours. '

(2} The oil near the entrance of the lagoon dees not reach the sea water
intake point area in 6 hours (a semicycle period).

The o0il does not reach the sea water intake area in 6 hours even at
the maximum spring tide when the flow of oil is the fastest. However,
it has a possibility to reach the sea water intake point in 18 hours
(1.5 tides) at the shortest.

— 60 J—



3) It_ is necessary to pay attention to the oil coming through the lane
between Assamaliyah and Qassar Essall (Section A ,B) rather than that
coming through Baghal Channel, when selecting a monitoring point.

{4) The movement routes and arrival time of oil were predicted near the
sea water intake point at a total of 6 sections, Sections A - F. It
is necessary to consider, by way of the setting positions of a pre-
ventive system of oil pollution and its method, where to set a moni-

- tforing point.

That is, an oil fence is planned to be set at a place shown in Fig.
5.1.19 as the first preventive system of oil pollution near the sea water
intake point. Considering the time of the o0il fence extension or the time
taken to assume an emergency posture, the setting positions of the moni-
toring system of o0il pollution for the preventive system of o0il poliu-
tion, at this point should be Sections B, D, and E, to where o0il can
reach in 3 to 5 hours.

By ‘providing the monitoring system of oil pollution at Section D, moni-
toring oil pollution resulting from the drainage of oil refinery located
in the north of Umm Al Nar Plant can certainly be achieved.

Massafah
Indus!irial Area

Fig. 5.1.19: Position of 0il Fence Extension



5.2 Degign of 0il Monitoring System
5.2.1 Monitoring Requirements

The existing oil sensors at Umm Al Nar Plant are currently deployed only
in the vicinity of intake No.l. Therefore, they cannot effectively moni-
tor the presence of oil over a wide area or detect oil in the water.

To provide an early warning system for the protection of the - electric
power and desalination plants from oil spills, it is necessary to not
only detect the oil spreading on the sea surface and in the water column,
but also to obtain information on the meteorological and oceanographic
conditions for aid of preventive action procedures. In addition to moni-
toring, it is necessary to predict the trajectory of an oil slick once it
is detected.

During evaluation of the recommended reguirements, the following para-
meters were considered,

(1) Gi} Pollution

# 0il slicks or films on the sea surface
* 0il in water

(2) Oceanographic and Meteorological Conditions

# Wind speed and direction

# Current speed and direction

% Wave height

% Tidal level

5.2.2 Selection of Sensors and Monitors

(1) 0il on the Sea Surface

Sensors developed for the detection of o0il on the water surface are sum-
marized in Tables 5.2.1 (1) and 5.2.1 (2}). Each sensor was evaluated
based on criteria for actual time response, continuous monitoring, day

and night coverage, wave effects, environmental effects and experience in
field operation.

As a result of the evaluation, the following sensors were selected:

# Remote. sensor: Active infrared oil sensor
¥ In-situ sensor: Chemical fuse sensor

(2) 0il in ¥Water

A summary table of measurement methods for oil in water detection is
shown in Table 5.2, 2.
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Table 5.2.2: Measurement Methods for 0il in Water

F-Method Principle Real Cont inuous Application
: Time Measurement
Gravimetiic Extract oil to solvent. No No Laboratory use
. Evaporate solvent.
Measure weight of
remaining oil,

#Infrared Extract oil to solvent. Yes Yes Monitoring 6f
Measure Infrared _ discharge water
absorbance. ' from ship and

factory

Ultraviolet Irradiate Ultraviolet. Yes Yes Monitoring of

Fluorescence {uvy. discharge water
Measure UV absorbance or . from ship and
excited fluorescence. factory

Turbidity Measure turbidities.qf Yes Yes Monitoriang of
standing and enmulsified discharge water
condition. | from ship and

: i factory

Laser Irradiate laser. o Yes Yes Gutdoor use

Fluorescence Measure excited
fluorescence,

Gas/Liquid Separate to each com- No " Ne Laboratory use

Chronato- ponent and measure its Effective for

graphy . properiy. . . - . micro analysis

#Acoustic Emit acoustic wave. Yes Yes Laboratory use

: - Measure scattered wave.
— |

# Selected Method

# Selected Measurement Methods:

These methods were evaluated based on criteria for actual time response,
continuous monitoring and experience in field operation. The following
methods were selected:

% 0il content : Ultraviolet- fluorescence method
% 0il particles in water : Acoustic method

However, as discrimination of oil from other suspended sclids can not be
made only by the acoustic method, a system combining the acoustic method
with an oil_content method was considered.



(3) Meteorological and Oceancgraphic Parameters

The following methods were selected considering the applicability of
sensars and field conditions.

% Wind speed and direction: Propeller type wind sensor

% Current speed and direction: Numerical simulation based on
hydrodynanic modeling

% Wave height: Pressure wave gage

¥ Tidal level: Result of harmonic analysis based on
measurements of tide

5.2.3 Alarm Threshold for 0il Spill

Since there are no criteria or standards available regarding the allow-
able maximum contaminant levels for oil in sea water taken :into the power -
and desalination plants, the following thresholds were set based on
existing data, information on the behavior of spilled oil and the results
of numerical simulations described in 4. 4,

# 0il on sea surface: 1 gm of cil film thickness
¥ 0il in water: 10 mg/1 ‘

In addition to these thresholds, the following supplementarY'élérm cri-
teria was established to reduce the probability of false alarms caused by
noise in the output signal.

%* An alarm signal is triggered only if the signal output from a monitor
is continuously exceeded target figure for detecting oil in a present
time period, '

5.2.4 Selection of Monitoring Location

The location of the monitoring stations shown in Fig. 4.2.1 were selected
after considering the following factors:

% Anticipated probability of drifting il or an oil spill

% Proper sensor and monitor placement with respect to oil detection and
accessibility for maintenance

% Stability of oceanographic conditions

% Minimum effects regarding obstructing vessel navigation

# Response when an alarm is activated

Seiected monitoring location are shown in Fig. 5.2.1.



‘Qassar\ (/
- Essall :

Abu Ohabi
Island

= N
|l Area

Legend:
(1) Section B (Active Infrared 011 Sensor)
(2} Section D -(Active Infrared 0il Sensor)
(3} Al Ain Bridge {(Active Infrared (il Sensor)
(4) Waterway W (Active Infrared 0il Sensor)
(5) Pier | {Active Infrared 0il Sensor)
(6) Intake No. 1 (Acoustic Sensor, (il Content Meter)
(7) Intake No. 2 (Acoustic Sensor, 0il Content Meter)
(8) Intake No. 3 (Acoustic Sensor, 0il Content Meter)
(9) Turbine Building (Wind Sensor)

(10) Intake No. 2 (Wave Sensor)

(11) Control Room {(Central Monitoring Station)

Fig. 5.2.1: Candidate for Monitoring Station



5.2.5 Data Transmission System
(1} Transmission Media

A direct wire link was selected for the wind sensor, and radio was adopt-
ed for the other sensors and monitors. Factors considered include:  dis-
tance of transmission, existing transmission means, terrain, and relia-
bility and installation cost. ’

(2) Transmission Method

The HDLC (High Level Bata Link Control) procedure was adopted for the
data transmission procedure after considering data transmission relia-
bility and data transmission speed. The polling method of data acquisi-
tion used to transmit data from remote stations to the master station,
was selected (the master station calls each remote station according to a
predetermined sequence and only then receives data).

The polling method has been widely used for environmental'mOHitorihg, is
capable of handling an increase in the number of remote stations, and has
a low probability of failure regarding radio transmissions and system
operation.

5.2.6 Design of Monitoring System

(1) Configuration of Total Monitoring System

The design of the monitoring system has bheen made by combining the system
components selected in the above section. The result of study is shown in

Table 5.2.3 and Fig. 5.2.2.

Table 5.2, 3: System Configuration

Component : Function ' N Quantity
0il Sensor Detect oil on the sea surface 8

0it Content Meter Measure oil concentration in wate 3
Acoustic Sensor Detect oil particles in water 3
¥ind Sensor Measure wind speed and d1rect1on 1

Wave Sensor Measure wave height 1

Telemeter 1 Transmit a signal 17

Data Processor Process the transmitted data i

Bata Display and Display and record the processed 1 each
Recording Device data

Floppy & Hard Disks Record the processed date 1 each
Key Borad ' _ : 1

Trajectory Prediction Predict the movement of oil slick 1
Program after detection _

Data Base of Current Storage of current speed and’ 1
Speed and Direction direction :

Tidal Level Forecast Forecast tidal level based on the 1

results of harmonic analysis :




{(2) Installation Process

The following 2 methods have been established for the process of instal-
lation of monitoring system.

1) Simultaneous Installation

In this option, installation of the total system takes place simultane-
ously. This approach requires a high initial investment cost but results
in a short period (18 months) for the establishment of the tota!l system,

2) Stepwiée Installation

Because it has been generally observed that most spilled oil spreads and
drifts on the sea surface, in this option the total system is established
sequentially according to a priority related to the detection of oil
spill. The stepwise installation sequence is:

% Detection system for oil on the surface,
% Detection system for oil in water,
* Measurement system for meteorological and oceanographic parameters and
% Trajectory prediction system.
It takes 48 months to establishment the system.
(3) Cost Estimation for Installation
The current cost estimated for establishment of the monitoring system is

approximately 420 milion yen. However, this amount does not include the
cest of data base preparation.
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5.3 Conceptual Design of 0il Contamination Preventive System
5.3,1 Outline of 0il Contamination Preventive System

‘As described in Chapter 5.1, the following preventive method for oil
contamination at Umm Al Nar Plant are considered to be effective:

1) Prevention of oil effluent from Arabian Gulf to Baghal Channel

2) Prevention of oil effluent from the entrance part of South Basin in
- UYmm A} Nar to the sea water intake

3) Improvement work of the existing sea water intake facilities at Umm Al
- Nar Plant

5.3.2 Design Conditions

In this paragraph, fundamental! design conditions are assumed as follows:

(1} Marine Conditicns and Climatic Conditions

1) Tide

HH.W.L: ACD +.2.37 m

HWL: ACD + 1.90 m

M. S. L. ACD + 1.29 m

L.¥%.L.: ACD + 0.70 m

LLLWL: ACD + 0.32 m

2} Tidal currents

Entrance part of Baghal Channel: 40 to 90 cm/s

Entrance part of Umm Al Nar South Basin: 20 cm/s
- 3) Wave

Negligibie near Umnm Al Nar Station

4) Wind Velocity

'V = 15 m/s.for oil fence design

5) Sea water temperature and’éalinity

Aécofding to investigation results obtained at the front of Umm Al Nar
Station in October, 1988, sea water temperature, salinity and density
are : 31°C, 46% and 1.0297 g/m® respectively.

(2) Chemical Component of Effluent 0il
Regarding the chemical components in effluent oil, they depend on the
production place, effluent scale and marine conditions. The density of

effluent o0il is assumed as follows :

f = 1.00 g/m®* (water content: 80 ¥)

_— 71w~,



(3) Intake Sea Water Quantity at Umm Al Nar Plant

il

% No.1 sea water intake facilities Q1 61,0 n¥/s
% No. 2 sea water intake facilities Q2 = 50.0 m®/s
* No. 3 sea water intake facilities Q3 15.3 m¥/s

i

3.3 Countermeasure against (il Effluent from Arabian Guif to
Baghal Channet

[y}

According the numerical simmlation resulits carried out lately, effluent
o0il near the seashore, which originates from an oil contamination acci-
dent in Arabian Gulf, will invade Baghal Channel and the lagoon which
will be contaminated once the oil comes into the chamnel. Gradually the
oil diffuses to the innermost part of the channel and at last arrives at
nearby Umm Al Nar Station.

Therefore, it is necessary to execute a countermeasure against oil pollu-
tion in connection with prevention from oil pollution at not only Umm Al
Nar Station, but also all facilities in the channel.

Countermeasures against oil effluent from Arabian Gulf to Baghal Channel
are as follows:

% Extension of an oil fence at the entrance part of Baghal Channel
% 0il recovery in the Gulf by oil enveloping method

(1) Extension method of an Qil Fence at the Entrance Part of Baghal
Channel

Based on the results of site investigation and numerical calculation, the
extension method of an 0il fence at Mina Zayed, where sea water inflow
quantity is at a maximum compared with the other places, will be studied.
Extension of an oil fence at Mina Zayed to prevent oil invasion into the
channel is considered in 2 ways as shown in Fig. 5.3.1. -

% Case 1 Complete Barrier at entrance of the lagoon
% Case 2 Extension of an o0il fence in the offshore area

But, both cases are not practical from the viewpoint of preventive effi-
ciency and economy.

o



01l FENCE CASE-2

S

Fig; 5.3.1: Location of 0il Fence Extended (Entry to Lagoon}

The reasons are as follows:

1) The said area is the most important sea route connecting the inside

3)

and the outside of lagoon. Therefore, when the period of oil contami-
nation becomes lengthy, a sea route blockade as in Case 1 is actually
difficult to carry out.

According-to the site investigation results, flow velocity at the said
area is as fast as about 40 to 90 cm/s. The highest preventive effici-
ency of an oil fence is 20 cm/s, and sufficient preventive efficiency

for oil inflow in this area cannot be expected.

According- to the numerical simulation, markers flowing near the sea-
shore are almost drawn into the channel from the cffshore area 5 km

from the embankment.

Iri-Case 2, an oil fence must be extended up to more than 5 km.
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{(2) Enciveling 0il Fence Method in the offing of Abu Dhabi Island

As mentioned above, utilization of semi-fixed oil fence at the said area
is not practical from the view point of preventing effluence and economy.

Therefore, to minimize invasion oil into the said places and for preven-
tion of a contamination accident in the Gulf, the best way is to provide
an o0i! fence extension ship and an oil recovery ship which are always
prepared nearby the said place, and the prevention of oil dispersion and
oil recovery in the Gulf should be carried out by those ships.

i) Encircling oil fence extension ship

Generally, an oil fence ship drags a previously extended o0il fence and
goes to the site to prevent oil dispersion. But, as prompt action is
necessary, an on-board oil fence ship which is able to carry, extend and
rewind an oil fence is preferable.

2) 0il recovery ship

Generally, oil enveloped by an oil fence is recovered by an oil recovery
ship. Although the on-board oil fence ship mentioned above has some kinds
-of oil recovery facilities, preparation of a professional oil recovery
ship is preferable,

5.3.4 Prevention of 0il Inflow at Entry Part of South Basin of Umm Al
Nar Plant

According to the results of numerical calculation, inflowing oil inte
lagoon will probably arrvive at the sea water intake of Umm Al Nar Plant
through the chamnel between Assamaliyah and Essall. Also, inflowing oil
originated {rom an accident occurred in the v1c1n1ty of an intake will
flow to the intake in all probability.

Considering marine and geographical conditions at the sea water intake
point of Umm Al Nar Plant, - influence of oil contamination shown in pre-
vious paragraph are considered as follows:

1} Inflow o0il nearby the sea water intake has some tendency to gather
nearby the No. 3 sea water intake of Umm Al Nar Plant. '

2) 0il, once it passes into the sea water intake, seems to be recirculat-
ed in the plant by the influence of waste water nearby the sea water
intake and/or brine discharge from Umm Al Nar  Station. Theerefore,
the influence of o0il contamination in the plant would continue for a
long time,

3) As the surface sea water is completely introduced into the plant by
presently used sea water intake system at the time of lowering of tide
level, any o0il near ihe sea water intake system will be apt to be
introduced into the plant together with the surface sea water.
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Fig. 5.3.2:Location of 0il Fence Extended (Umm Al Nar Station)

Therefore, regarding protection of station from 0il pollution, it
would be very effective to prepare an oil inflow prevention system at the
entry of South Basin of Umm Al Nar Plant. 0il fence extension at this sea
area is shown in Fig. 5.3.2. An oil fence is normally wound on a winder,
located at Umm Al Nar Station side so as not to block the sea route. The
oil fence will be extended from Umm Al Nar Plant side to the opposite
side only when there is some fear of oil invasion.

0il1 fence and accéssories are described hereinafter.
(1) 0il Fence (length of 1, 300 m)
'Marine cond1t1onq at this area are as follows

Tidal currents: 20_Cm/s
Wave: negligible
Wind velocity: 15 m/s

Accord;ng to'thecébove mentioned marine conditions, a normal oil fence
would be. sufficient. But this time, a B-type oil fence having a long
skirt, w111”be-adopted. There are many kinds of B-type oil fences approv-
ed by'the*Ministry of Transport in Japan. One of the B-type 0il fences is
shown in Fig. 5.3.3.
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Fig. 5.3.3: B-type 0il Fence

{2} 0il Fence Winder

Installation of an oil fence winder at the embankment of Umm Al Nar
Plant 1is necessary for the speedy extension and rewinding of the oil
fence in cases of emergency. An oil fence winder is shown in fig. 5.3.4.

Fig. 65.3.4: 0il Fence ¥Winder
{3) Dil Fence Extension Ship

An o0il fence extension ship is necessary to use an oil  fence winder
effectively and also must always be prepared and ready nearby the winder
in case of emergency. An oil fence winder and working extension ship is

shown in Fig. 5.3.5.
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