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 PREFACE

| In response to a request from the Government of the United
Araﬁ Emirétes, thé Government 6f Japan decided to conduct a Study
'-pn Méasures to.Prevent 0il Pollution of Thermal EBlectric Power
Sfations:éﬁd_Sea:Whtér Desalination Plants in.Umm Al War, Abu
‘Dhabi and entrusted’ the sfudj-to'Japan International Cooperation
Mgency (JICA). |

JICA sent'§Q4Abd'Dhabi a sﬁudy team headed by Mr. Yoshio
Mdfayama; Technical Advisor of Water Re-Use Promotion Center,
from March.1988 to.Septehber IQéﬁ. |
The team held discussions on the Study with the officials

-_boncefned: of the Govérnmeﬁt of the Abu Dahbi Enmirate and
cqhﬁuctéd'field_sufveys at the plant site as well as in the
':relevant waters in Abu Dhabi._ After the team :eturned to Japan,
_ fufthéf'étﬁdieé were made and the present report was prepared.

} I hope that. this requﬁ will contribﬁte to the development
of fhe project and to the pfdmotion of friendly relations between
our two countfiés.-. | |

| I wish td express my sincere appreciation to the officials
ICOncernedqéf ﬁhe Government of the Abu Dhabi Emirate for their
élbse.coopefétion extended to the team.’

October 1989

dier st /7 0

Kensuke Yanagiya
President '
Japan International Cooperation Agency
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Chaptef 1 Introduction
1.1 Background of Study

The ent1re potable water in Abu Dhab1 the United Arab Emirates (UAE), is
supplied by sea water desalination plants which also supply a part of
the - water supply to Al Ain through pipelines. Also, large quantity of
sea.water 1s used as cooling water in the thermal power plants,

VIn recent years, apprehen31on has been deepened about the oil contamina-
tion Of intake sea water caused by the effusion of 0il from tanker, oil
fields and oil’ ref1ner1ee, and the establishment of measures to prevent
011 contamxnat1on “has become a matter of urgency.

If the present cand1t10ns are’ 1eft to eontlnue as it is, not only the
efficiency of the sea water desallnatlon plants will fall due to contami-
nation of the facilities, but also the product water itself will be
polluted, 'cau81ng the complete stop of the potable water supply and a
lower eff1c1ency rate of generatlon of the thermal power. stations. '

Thérefoxe, the need_has_arlsen-to_establish effective countermeasures to
prevent  such oil contamination in order to keep a stable electric power
supply, ' o

‘In partieuiar, Umm Al Nar power and desalination plants located in the
‘east: of Abu Dhabi City are the key plants bearing about 3/4 of the water
production  load and about 2/3 of all electric power generation for the
whole. of Abu Dhabi, and there is.a fear also that the plants may be
polluted by oil effused from oil reflnery located adjacent to the south
east

Therefgre,”etﬁdiés 0n meaeures to prevent oil contamination are urgently
'reqﬁjred, taking Umm Al Nar plants as the subject site.

-With - these as background, the UAE requested the Japanese Government in
March 1987 to offer technical cooperation in making study on these matt-
ers. . In 'reply to .this request Japan International Cooperation Agency

‘ (JICA) dlspatched pre study team, consisting of six members headed by Dr.
M. Sato, and after consultation about the study methods, signed an agree-

‘ment on fundamental items necessary for the study on October 31, 1987

1.2 Pdrpose of'Stedy“

The purpese 1s to study the 1nf1uence of oil contamination of sea water
and. to work out a plan to set up necessary countermeasure, taking as the
subject site. power and desalination plants owned by the Abu Dhabi Water
and Elect11c1ty Department (WED) in Umm Al Nar district in the suburbs of
Abu Dhabi- Clty Also aimed for is the transfer of technology related to
the sub1ect fleld to the counterpart engineers of WED through this study.
_1,3.P:ocedure'of Study

The'prinCibal procedure of the study is as shown in Fig. 1.3.1.

. T



’ Planning of Study

Y
{Preparation of Inception Report
(ﬁXecution of Field Survey
o - — ]
Arrangement and Analysis of Field Survey Resuits _
v SR B |
——»= Survey of 0il Pollution on Sea Water Desalination Plant:étcf_ o
Y. |
Preparation of Interim Report
— "i; : -‘V: S _
Numerical Calculation of 0il Diffusion
. e E N
= Design of Monitoring System
» Study of Prevention System|
¥

Emergency Shut-Down of Plants and Measure.

to Secure a Domestic Water Supply

. ¥ .
Conceptuél Design of'Prevention'System.-
Costing and Schedule_fbr Construction of‘Prevention Sysﬁem
- Y , T
» Method to Restore Plants Polluted by.Oil.
- — et
1 Treatment of Product Water Polluted by 0il =
[Hethcd to Remove Trihalomethane
. : - —
Method to Substitute Chlorination Process
{ | N
Preparation of Draft Final Report | =~
B |

Preparation of Final Repqrt

Fig. 1.3.1: Principal Procedure of ' Study



1. 4 Detalls of Study

 The -sub;ects of thls study are Umm Al Nar West No 1 to ‘No. 6 Power and
Desalindtion Plants and ‘East No.1 to No.3 Desalination Plants, including
the coastal’ areas surroundlng these plants

The study ;0nstts of the follow1ng feur fields:
1;451'Marfne7Ffeld Survey

in order to predict the influence of oil contamination and to study the
leQUIYGd countermeasures, ‘it is necessary to get a solid grasp of marine
characteristics  and to ‘assess ‘accurately the present state of 6il con-
tam1nat10n near Abu Dhabi- Island

Since - the “area around Abu Dhabl Island is dotted by many islands, - and
tidal currents seem to be fairly comp11cated a detailed survey of marine
characteristics around the area where sea water intake facilities for Umm
Al Naf'PIhnts’exiSt:”including-the more outlying sea areas, 1is necéssary.

The "marine field survey will be conducted over a long- perlod in summer
and 1n w1nter, centered around the follow1ng items;

‘(1)“T1da1 current
(2) Tidal level
 (3) Water temperature
(4) Salinity :
“(5) ‘Water quality
'(6) Bottom seédiment
(7 Marine organism

_Af'study will be made to flnd out” the effect of 0il contamination on the
performance and’ effzcxency of the desalination and thermal power plants,
when the plants are operated with sea water polluted by oil.

AlSo, ‘a study w111 be made on the contamination of product water, and on
the poss;ble production of harmful substances in the chlarination pro-
cess.

In 'sddition, the influence of boliution on the corrosion of the plant
equ1pment and materlals w111 be 1nvest1gated

1.4.2 ‘Study on Influence of 011 Pollutlon on Desallnatlon and Thermal
' Power Plants :

A study w111 be made to find out ‘the- effect of oi} contamination on the
performance and. efflcxency of the desalination and thermal power plants,
when - the ‘plants are operated wsth sea water polluted by oil. - Also, a
study” “will  be made on the contamination of product water, and on the
possible production of harmful substances in the chlorination process. In
addition, the influence of pollution on the corrosion of the plant equip-
ment and materials will be investigated.



1. 4.3 Practical Measures to Prevent 0il Contamination and
their Evaluation o

Based on the results obtained from the survey of marine ChﬁdetﬁFlSthS,
a numerical calculation on the diffusion of effused oil will be conduct~t

ed, and the main conditions will be predicted.

¥ith these results, a mon1toxlng system and an 011 pollut1on preventlve
system will be studied and a conceptual design of the preventive system

will be carried out.

'Purthenmoxe, ‘emergency sbut down of the’ plants and shut- down proceduxes,
as well as measures to secure a domestic water supply during the . shut-

down period, will be studied.
1. 4. 4 Countermeasures against 0il Contamination _

A study will be made on possible countermeasures. in cases. where. oil
contamination cannot be avoided even by the above mentioned preventxve

systems.

Fxrstly, methods to separate ‘the 011 component from the 011 contamxnated
product water by appropriate treatments, to remove harmful chlorinated
organic compounds, and to sterilize both the raw sea water and: the
product water without chlorine, will be 1nvest1gated and studled

Then, methods and procedures to restore the oil- contaminated plant to
normal, ~and to resume operation will be eetabllshed :

1.5 Execution of Study

JICA dispatched a study team to the site three times, in March 1988
September 1988 and January 1989, and made field surveys as. descrlbed'
below. : L

Subsequent to the field surveys, all works including analys:s,,de51gn and
evajuation were carried out in Japan, based on which this report has been

prepared.
1.5.1 Field Survey

The first filed survey was conducted for 15 days in March 1988, After
obtaining WED's agreement to the study plan,.a preliminary survey of
marine characteristics was conducted with a boat, for the. preparation and
planning of the second and subsequent full-scale surveys of marine cha-
racteristics. Also, the actual conditions of the sub;ect plants and, other
related matters were surveyed: -
The second field survey was conducted for 59 days 1n September, through
November 1988. Two boats were used for the survey of marine ' characteris-
tics during summer, and a lot of data of many samples were collected, |



The survey was jointly conducted with the local counterparts at the site,
for the additional purpose of effecting technology transfer. In  addi-
tion, the actual conditions of the desalination plants and related faci-
lities were also surveyed.

The third field survey was.éoﬁduéted for 45 days in January through March
1989. At the beginning, the contents of the interim report, into which
the preceding survey reSults were compiled were explained and discussed.

The marine eharactez:stxcs durxng w;nter was suzveyed in the same way as
during summer, - and- varlous data and samples were collected.

A 301nt survey w1th the local counterparts at the site was conducted in
this time too; ‘to effect technology transfer. In addition, the actual
conditions of the power plants, monitoring systems and other related
dellltleS and equipment were surveyed

1. 5. 2 Study in Japan

A Study of the field survey data, analyses of the collected samples and
the collection of related information and data in Japan were carried out.
Based on these results, studies were made on the influence of oil conta-

mination on thermal'power and ‘desalination plants, the execution of oil-
" contamination preventlve measures and their evaluation, and counter-
measures to oil contamlnatlon This report has been prepared with these
results

Furthermore, = two of the local counterpart engineers were dispatched to
Japan from WED as trainees, each for six weeks from March through  May
1989.. The attended Iectures and training on related technology and
v1s1ted related fac111t1es

1. 5. 3 Persons engaged in Study
L;st'of.Jgpapese;study tean members and'their'aSSignments is as shown in

Table 1.5.1. List of WED staff participated in the study is as shown in
Table 1.5.2 . ' '



Table 1.5.1:

List of Japancse Study Team Members and Their Assignments

Nane

Function

Assignuent

Yoshio Murayama
Kunio Kikuchi

Toshikazu Ishii
Yuzuru Naito

Keiichi Ohta
Masaji Kanayama
Shizuo Hashimoto
Masaru Sakai
Isamu Kondou
Shigeru Suizo
Hiroshi Kuboki
Akira ¥atanabe
Hisayoshi Taira
Shingo Itonaga
Shin-ichiro Nagai

Masafumi Qkudaira

Team Leader

Deputy Leader

Enginger

Engineer

Engineer
Engineer

Engineer

Engineer
Engineer
Engineer

Engineer

Engineer

Engineer

Engineer

Engineer

Engineer

Overall managefient '
Field work & home office work

Control of technical works

Home offlce work

Study on countermeasure of 011'

- pollution

Field work & home Iofflce work”

Study on countermeasure of oil |

pollut1on

Field work & home offlce work

eStudy on water uual1ty
Home office work :

Study on- desallnatlon plant
Honme office work _

“Study on oceanography" '

Home office work

Study on oceanoiraphy

.~ Home office wor

Study on Hydrology

-Home office work

Study on Hydrology :
Field work & home office work ~

~Study on oceanography

Fleld work & home offlce work y

“Study on- oceanography

Field work & home office york |

Study on oceanography
Field work

Study on oceanography

Fleld work

Study on- oceanography
Field work ‘

Study on oceanography
Field work




Table 1.5,1: Continued

; Name

-1 Function

—— - ey

Assignment

H1r031 Takahashx | Engineer

Kcnshiro ﬂatsuzaki Engineer

Tooru_ﬂakao

Engineer

| Masanori Higashino | Engineer

Study on moriitoring system

. Home office work

‘Study on monitoring system
_erld work & home office work

Study on monitoring system
Home office work

‘Study on monitorlng system

Home offlce work

Noboru Kioka Engineer Study on power plant
: o Field work & home office work
Table 1.5.2:

List of WED Staff

Name

Function

1 M.

.
Director
Katerlal Testxng Laboratory

Dr.
Mr.
Mr.
| -,
| Mr.
Mr,
Hr.
Dr.
Dr'. ..

A M Shams El Din

I. Money

General Superintendent
“Unn Al Nar Station

_Réshééd A Arain

Samih Anmari

A U, Hammoud
Showky Aziz
McGregei

Rizk A. Mohanmed
Tag El Din

. Falldorf

R‘.ﬁuhdes
R. Walker

| Oceanographic Engineer

~ Tean Leader
'Piant Engineer

- Plant Engineer .
Plant Engineer
Plant Engineer
Plant Engineer
Plant Engineer
Oceanbgraphic Engineer
IOéeanographic Engineer
Oceanographic Engiveer

Océanogfaphic Engineer

::l.Dr.
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Chapter 2 The Present Status of Subject Plants and Environmental
. Conditions (Fundamental Prlnclples and Conditions for
thxs Study)

The " fundamentai pilﬂClples and COﬂdlthﬂS used in the implementation of
this study such as the current status of the power plants, desalination
piants and ancillary systems, current natural environmerital conditions,
properties of UAE crude oil in an oil spill, etc., are described in this
chapter. :

2.1 Powereand Sea Water Desalination Plants -

- Umm. Al-Narjpbwer and desalination plants have 14 units which consist of
- five ‘groups:. West Nos. 1 - 6, West Nos. 7, and 8, West Nos. 9 and 10,
East Nos. 1 - 3 and East Nos. 4 - 6. -

West Nos. 1 -6 isia eonveﬁtidnal power/desalination plant of six in-
dependent units, each_of.which'censiSts of a 365 t/h boiler and a 60 MW
" turbine generator, with*passout'steam to an adjacent distiller of 4 MGD

each. : o -

West Nos. 7 and 8 contains two 660 t/h boilers and two 160 M¥ turbine
gene:ators with passout: steam to four distillers of 5 MGD each but .in-.
creasing to 6 MGD with hxgh temperature addition. West Nos. 9 and 10 are
two boilers of 316 t/h each, supplying two 75 M¥ turbine generators with-
out dlstxi}ers R ' '

East»:FLrst_Phase'conSistS'of 2 ‘gas ‘turbines rated at 61.6 MF¥ each with-
their. recovery boilers and 4 gas/oil fired boilers to provide steam with
three dlbtiilers of:5 MGD each. ‘East Second Phase consists of 2 gas tur-
blnes of 65 MW each with their recovery boilers and two auxiliary boilers
to generate steam for three dxstlllers of 6 MGD each.

' The plant layout 1s shown 1n F1g 2 1. 1
The present study was conflned to . the West Nos. 1 - 6 and the East Nos; 1
-3 units of the enclosed with thick line in Fig. 2.1.1. These units are

supp11ed w1th sea water from the No. 1 sea water intake system.

The outline of-the plants is given in Table 2.1. 1.
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Table 2. l 1: Outline of Thermal Flecttlc Power Stations
and Sea Water Desalination Plants

'-'Items SR

_ West Nos. 1 - 6

East First Phase

" Thermal Power Statlon
fl Consultant :

2. General Contractor: 

3. Complet1on Date

Turbine Generator
1. Type :

2. Coritrdctor”
v a3 Capa81ty X Unlt

;8011er o
1. Contractor =

2. Capacity % Unit
3. Fuel (Main)

Waste Heat Boiler
.1, Contractor
|..2. Capacity x Unit

Desalination Plant
1. Consultant
* 2. Contractor
3. Capacity :
i 4, Completion DPate

1"Lahmeyer Int.

Deutsche Babcock

1979 - 1980
Steam
SKODA

60 MW x 6

' =_Deutsché'Babcock‘

'350 t/hx 6

Natural Gas'

Ali‘El-Ssie

THI -
4 MGD x 6

1979 - 1981

15

Preece Cardew R &
Ali El-Baie

BBC

1979

Gas
BBC -

161.6 x 2

Yaagner BIRO
Voist Alpine
136 t/h x 4

"Natural Gas

BORSIG
185 t/h x 2

Ali El-Ssie

-SIDEM -

MGD x 3

1979 - 1980

—




2 1.1 Sea Water Desalination Plants

(1) West Nos. 1 - 6 Units

Each unit is a multi-stage flash evaporator which has an 18- stage_ flash
chamber, a 15-stage heat recovery section and a 3-stage heat rejection

section.

As described above, the evaporator is a double deck model so as to reduce

the size of the installation area and the deaerator, which prevents corr- -
osion, is included in the evaporator. This plant uses a cooling water
recirculation system to keep the cooling water at a- fixed temperature for
the purpose of preventing a decline in the performance Iatlo . 0. R ) -
during winter when the sea water has a low tempe:ature

LN

Hage Vap and Belgard EV 2000 are used to 1nh1b1t scale and to ma1nta1n
the maximum allowable brine temperatures at 90 °C and 100 %3 '

For the removal of scale, an acid cleaning system and a sponge ball clea- -
ning system are used to clean the inside of the brine heater and the heat

recovery section tubing.

The main technlcal data and schematic filow are shown in Fig. 2. 1. 2 Fig
2. 1.5 and Table 2.1.2, and the heat/mass balance sheets are shown in Fig.
2.1.3 and Fig. 2.1.4. This plant is the most reliable plant in Abu Dhab1
and its operation load was always more than 90% (93. 6%: 1986). ' '

(2) East Nos. 1 - 3 Units

This wunit employs =a mu1t1 stage fiash evaporator whxch has a 16 stége‘_
flash chamber, consisting of a section for 13 stages of heat recove:y and
a section for the 3 stages of heat rejection, :

The process is basically the same as that used in the West Nos: 1 -6
units, In this plant, high purity distillate is taken from the 7th  stage
to use as boiler feed water for the waste heat recovery boiler. o

The main technical data and schematic flow are shown in Table 2.1.2 and’

Fig. 2.1.6 and the heat/mass balance sheets are shown in Fig. 2.1.7 to
2.1.10. The operation load of this plant in 1986 was 76.8%. T

— 16—



“‘fable 2.1.2:

Maiﬁ Technical Data of Sea Water Desalination Plants

NI

WEST Woi-Nof

Description EAST Rol-Hod
{type | HSF HSF
'r”;;angemant Cross Tubs  2-Deck | Cross Tube  2-Deck
o 5/6

| Nominal Capaclty (HGB)

ghemical Dnsing

Poly«phosphate

Poly-phosphate

f—

performance Ratic (GBR) 5 6
Nos of Stage
Heat Recovery Sectinn 15 1.
Heat Rajection Sectiun 3 a
Guaranteed ?urity of Bistillate 25 28
_ | (ppw)
TDSidf_ﬁle#fnﬁun  (pem) 65,000 65,000
H;x;Brine;Tenparature ey -89 80
Blow Down Temperature (°C) 42 42
Flash Ranéa (0 48 48
Seaﬁa{ét-réépetatére oy |
Hax, . : : 35 35
- Bin, 18 18

On Load Cleaning
Sections Cleaning

Sponge Ball (Taproge)
Heat Input Seciion
Heat Recaovery Setion

Sponge Ball (Tabroge)
Heat Input Section
Heat Recovery Secticn

High Purity Dist{llate

! none
Quality (ppw) i
Tenperature (13) S0(after Cocler)
Sourca . : Stage 7
Spscific Heat Comsumption 95.3 91.7
(keal/kg)
continued




Table 2;1.2:-(Continﬁed)

REST Nol-Nos

'EAST NHol-od

Description
Haterial o e
Hain Shell Carbon Stesl Carbon Steal -
Protective Coating Epoxy Epoxy - -
Special Protection Stage 1.2 Dearator
Cu . Ni Clad - 31688
Carbon Steel +

Hater Boxes

Heat Transfer Tubes
Heat Input Section
Heat Recovery Saction
High Temperaiure
Low Temparature
Heat Rejection Section
Eiector Condenser

Demister
Pipings
Seavatier Supply
Brine Recycle
High Temperature
Lo¥ Temperature
Distillate

Vent

Cu.Ni Clad

70730 Cu.Ni

70730 Cu.Ni

‘Al Brass

70/30 Cu.Ni
S

Stainles Steel

Bonna

Carbon Stesl +

80/10 Cu.Hi Clad

Carbon Steel +
Epoxy Coat
304 85

304 88

Cu.Al A20°

170730 Cu.Ki
70/30 Cu.Ni

Al Brass
‘70/30 Cu.Ni
T

| stainles Steel

'Bonﬁé_
cufal AZOL
Carhan Steel +

 Epoxy Ceat
316L SS-

304 S§
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2 1.2 Thermal Electric Power Stations

(1) WEST No.1 - No.6 Units

6 boilers and 6 steam turbine-generators are installed, each as 'a unit
system, in the Power Station The boilers, normally natural -gas  fired
and as standby crude oil fired, generate steam of 365 t/h each at 67 bar
and 490 °C. Each turbine-generator is rated output of 60 MW and reduced’
pass-out steam is supplied to the desalination plant. .

The sea water cooled surface condensers can accept the full steam capa-
city of the boilers if the desalination plants are shut down.. .-Alterna-
tively, a pressure reducing system and a bypass system allow the  desali-.
pnation plants to operate on full output when the steam turbine-generator

is shut down or on reduced load.

The main technicél data of the principal eduipment is shown in ?able"
2.1.3, the heat balance diagram in Fig. 2.1.11, and the main flow diagram .
in Fig. 2.1.12. ' ' ' ' v ' S

The output capacity, thermal efficiency and operation rate of the Power
Station are all dependent on the performance of the principal heat cycle.
equipment. In the Umm Al Nar West No.1 - No.6 units, the surface conden-
sers only use sea water directly in the heat cycle system and would be
subject to sea water oil contamination. o

In addition, service water coclers, turbine oil coolers and generator air
coolers also use sea water as a cooling medium in the power station.

The cooling sea water flow diagram is shown in Fig. 2.1.13.- As indicated
in the diagram, in the West No.1l - No.6 units the cooling sea water flow.
system is independent of the heat cycle, namely, being completely sepa- |
rated from the heat cyclé system, oil polluted sea water accordingly does
not cause any essential operational troubles in the power stations.



Pable 2.1, 3 Ma1n Techn;cai Data of Thermal Electric

Manufacturer

- Power Station, West No.1 - No.6
Description Techn1c11
mmmmm -- ————— 1 Data
Lqulpment Particulars
1 Stean Type ' Condensing
Turbine Rated Output (Generator terminal) k¥ 60,000/64,500
1 Inlet Steam Temperature (Rated) °C 485
Inlet Steam Pressure (Rated) Bar. { 60.8
Passout steam, Flow t/h 1 85.0
Temperature *C 131
_ Pressure Bar, abs {2.5
-{ Exhaust pressure (Sea water: 32 °(C)
: : Bar, abs | 0.115
Rated revolution rpm | 3,000
Extraction stages No. 3
HanufacturEr SKODA (Czech.)
Condensing | Cooling Area mt | 3.715
System Design condensate flow t/h | 216,261
Design sea water: temperature *C | 32 (max. 35)
| Désign sea water flow at 35 t/h | 13,600 .
Cooling tube, out/in mm } 23.0/20.0
Length (between plates) mm | 7.975 .
“Material 70/30 CuNi
_ Quantity 6.446
Tube plate material 70/30 CuNi
On load cleaning Sponge ball
{Taproge)
Manufacturer Bulcke-Durr
¥.G.)
Stean’ Type Singie drum
Boiler ' Radiant natural
' . : | Circul.
5De51gn pressure Bar | 86.4
Steam pressuxe at Superheater Cutlet
: Bar | 66.7
Steam temperature, ditto 490
Steam production - (max.) t/h | 365
Inlet feed water temperature 140
Praft System Forced draft
| Fuel Natural gas
P Crude oil
Burner for natural gas Multi-spud
Manufacturer: Babcox (W.G. )Y
Generator | Rated Capacity kVA | 80,625
: Power factor 0.85
Rated voltage - kY [ 11
Rated frequency cycle |50
| Rated revolution 3,000

SKCDA (Czech.)
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t/h | kg/e® abs
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Fig. 2.1.11: Heat Balance Diagram of Umm Al Nar
West No.1 - No.6 Power Station
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(2) Equibment Subject to 0il Contamination
1) Surface Condenser

ThlS equlpment is used to condense the steam exhausted from the  steam
turbine, ‘using sea water as its cooling medium. The outline of the sur-
_face Condenser.'is'shown in Fig. 2.1.14. Iis function is to raise  the
turbine thermal efficiency by reducing the back pressure of the turbine,

to less - than atmospheric pressure, under which steam is cooled to be
" condensed by sea water.

The surface condenser has horizontally installed cooling tubes (quantity
G, 446) through which the sea water passes, and around the  tube bundle
steam passes downwards.  The sea water temperature thus rises several
degrees, ' while steam is cooled to be condensed, passing in the tube
bundle. - Inside the tubes the heat is transferred to sea water through
turbulent flow from the tube wall, while outside the tubes the heat is
transferred from steam through laminar flow film formed by condensation.
The flow films at the surface of lower tubes are dlsturbed by condensed
droplets from the upper tubes

.Dés1gn Data of Surface Condenser

.Fxhaust steam rate o - 58;4 kg/s

Enthalpy of exhaust steam : : 2,350.5 k]/kg
Condensation pressure ' : 0. 115 bar abs
Cooling sea water rate ' 3,718 kg/s
"Cooling sea water temperature (inlet) 32.0 °C
Cooling sea water temperature (outlet) 39.9 °C
" Cooling sea water velocity (inside tubes) 1.87 = m/s

2) Service Wafet Cooler

The service water ‘is used to cool the rotating machines in the power
station.. ~ The ‘'service water is recirculated and reutilized as cooling
water through the service water cooler (U-tube, shell and tube type heat
exchangEr) in the system. The outline of the service water cooler is as
shown in Fig. 2.1.15.

Design'Data of Service Water Cooler

-Service_watel rate 63 nr/h
Cooling sea water rate : ‘ 126 m*/h
Service water temperature (1nlet/outlet) 50/40 °C
Cooling sea water temperature {inlet/outlet) 35/40 °C
Service water velocity (inside tubes) 0.55 m’/h
Cooling sea water velocity (outside tubes)  1.73 m*/h

. The service water 1s'codled'inside:the tubes which are horizontally ar-
ranged in a U- shaped bundle, while the cooling sea water absorbs the heat
of the service water from the outside of tubes changing its flow direc-
tions up and down between the baffle plates equipped outside. the tube
bundle The sea water passing through the cooler 1s accordlngly in a very

v1qlent tu:bulent cond1t1on



3} Steam Turbine 0il Cooler

This is for cooling the lubricating oil for the steam turbine using sea
water. The oil is then re-used in a closed system. The structure is the

same as the service water cooler’s,

4) Generator Air Cooler

This 1is for cooling down the cooling air for the generator using’ sed
water. Sea water passes through the cooler tubes, which are arranged
horizontally under the generator, and air passes around the cutside.

The outline of the generator air cooler is shown in Fig. 2.1, 16,0

4,500(x3,080)

.-“;\'..
Steam '
Condenser . . Inlet
Body ' o ' #
Sea Water \ )
Qutlet ' . ' '
1, 0000 Cooling Tube
Fubes | . Support.
/ ' ', Plate
. ¥
d B ¥
4 - :
.e_.v #] . - .
+ *‘E‘E@j ! - “Sea Water
Con‘.iensate Condensate: P : ' n Y .
Basin - Qutlet’ 390¢ 5000 C1.777 ‘
P Cooling Tube Length 7,975 AN DR
Main Technjcal Data Shell . Thick | 19 mm
- — : Haterial { H-IT -
Type Horizontal : 4 (DIN)
Cooling Tube No. | 6,446 Tube plate . Thick | 48 mm
0.0 23 am  Material | H-I1.. -
I.D | 20 om — : -
- L} 7,875 mm | Manufacturer "BALCKEDURR
Material | CuNi 30Fe T : RPN &
Shel} 0.D] 3.150 mm | Completion date of |26 Jul 84
| built up drawing = j

:Source WED Drawingf-3980.428.014]'.

Fig. 2.1.14: Surface Condenser Outline of Unm Al Nar -
West No. 1 - No.6 Power Station
R 34 -
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Source WED Drawing: 3980.428.014]

Fig. 2.1.15: Service Water Cooler Outline of Umm Al Nar
' .- West No.1l - No. 6 Power Station
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West No.1 - No. 6 Power Station



(3) OperétipnaI_Conditions of the Power Station (WEST No.1 - No,6 Units)

As 'is clear from Fig. 2.1.17, the load factor of the power station Xkept
up - high levels such as 50 to 70% for the boiler, and 41 to 63% for the
steam turbine: generatorq in 1986. This means that the power station had
been -operated on base load. This was also backed up by the high availa-
bility factor of the Power Station i.e. 67 to 99% for boilers and 61 to
95% for the steam turbine-generators. It is presumed that such high load
operation of the station will continue also into the future.

The 'power station is designed to use cooling sea water at a temperature
of 32 °C ideally, and at a maximum of 35 °C. The actual sea water tem-
peratures, accordlng to WED ‘measurement values; are estimated at 20 to 34
°C, which, due to the tempelature difference, do not demonstrate an ample
margln for operatlon : '

In addxt;on, the steam turbine and surface condenser are being operated
under severe temperature conditions because the actual sea water maximum
temperature period, from June to October, falls on the power station's
_peak load period, as is clarified in WED operatlonal data.

The openational cnnd1t10ns of the station show that it should be kept in

operatlon even if hindered slightly by a reduction in the cooling effici-
ency, which would be caused by oil polluted sea water,
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2.2 Auxiliary Faciiities of the Power and Desalination Plant
2.2.1 Pac111t1es for Sea Water Intake and Chlor1nat1on

Sea water suppl1ed to Umm Al Nar Stat10n is taken from the scuth coast of
the plant and is discharged from the ‘north coast of the plant. 3 sea
water 1ntake facilities and 4 discharge f101i1t1es are installed at the
statxon

The desxgned cqpaCIty for each of the 1ntake and the discharge facilities
ic as follows:

Intake facilities . ! No.1l 220,000 m/h
o | "No.2 180,000 m#/h
No.3. .55, 000 m/h

Dlscharge fa0111t1es No. 1 143, 000 n;/h

S No. 2" 178,000 m’/h

No.3 72,000 wi/h

No.4 . 51,000 nf/h

Sea water 1ntake suppiled from 1ntake fac111t1es No. 1 is as follows:

Te Wl - WG Pewer Plants _ 13,000_nf/h X 6 = 78,000 m¢/h

. To W1 - W6 Desalination . Plant 12,000 m¥/b x 6 = 72,000 n¢/h
To El - F3 Desallnatlon Plants 15, 000 m¢/h x 3 = 45, 000 m*/h’
To ADNOC : . : 5, 000 mt/h
Total 206, 000 m*/h

prefile'sectionef of sea water intake facilities
2.2.1 and 2.2.2 rvespectively.

Horlzontal and vertlcal
No. 1 are shown in FIgs

Sed water 1ntake faC111t1es No. 1l consists of 5 submerged ferro-concrete
1ntakes, Bar screen, traveling screens and sedlmentatlon basins are con-
nected to ‘the intakes. Furthermore there are common channels at which the
sea water from each of the 1ntakes meets. Sea water which passes through
thé band’ screen is supplled to each of the units through vertical pumps.

Data_on each of the‘1nsta1}at10ns is as follows:

) sets

Intake o :
cross section to take sea water

Bar Screen=

' Trave11ng Screen

Band Screen

Remerks,

-4.5m (W) x EL-4.30 - 9. 00m (H)

5 sets

. gap of 7 c¢m
1 b sets
Sedlmentation Basin:
4.7 m (W) x 37 m (L} x 9 00 m m
: 7 sets

10 sets

mesh size of 1.5 mm x 1.5 mm

BL (at Umm Al Nar)

EL = ACD + 3.55 m

S 39—
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Sea water (Wllh a dissolved chlorine content of about 2,000 mg/1) which
is manufactured by ADNOC adjacent to Umm Al Nar, is injected into the sea
water intake and the sea water pump inlet to prevent plants from foul1ng

The chlorlnatlon system is designed. to feed Lontlnuousiy into the” sea
water intake as well as into the suction inlet of each water pump at a
rate of 1 mg/l as Cl,, which gives a rate of 0.1 to 0.3 mg/l as Cl, -at
the heat exchanger discharge. _ .

Shock chlorination at a rate of 2 mg/l as Cl, a few times'dufihg a. one
day period is also required to avoid the growih of marine organisms. The

residual” chlorine is measured directly at the sea wdter outlets of ~each
of the desalination plants and of the turbine condensexs

2. 2.2 Existing 0il Preventive F36111t1es

An oil preventive facilities'cthisting of a monitoring system, an air
bubbling system and an oil fence, as shown in Fig. - 2,2.3, s already
installed outside the No.1 intake. ' - : S B

(1) Monitoring System

This system consists of a buoy, oil sensor, power supply unit, analyzer,
transmitter and receiver. -

1) Buoy

The floating buoy is used as a mount for an'oilnseﬁ§0r; solar.battery;and
beacon 1light, and as a housing for the power supply unit, analyzer and
transmitter. : o e

2) 0il Sensor

The Qil sensor detects pil in sea water by meashring_chénges in the c¢on-
ductivity of sea water. It is comprised of 2 ' separated copper plates
immersed in sea water. '

3) Power Supply Unit

Power is supplied by a 6 V DC battery and a solar battéfy:

4} Analyzer

The analyzer receives the measured conductivity from the 011 sensor and
compares this measured value with a predetermined thre%hold value. When
the measured conductivity exceeds the threshold value, the analyzer sends

alarm signals to the receiver via the transmitter.

5) Transmitter

Tpe transmitter transforms the alarm signal from the énalyzer to'_radior
signal and to the receiver. ' .

_42«._,



6) Receiver

The FGLCIVGI is located in the control. room of the station. An alarm bell
rings. when .the transmltter begins ‘sending radio signals to the receiver.

(2) 0il Preventive Facilities

An air bubbling system is installed as the first line of defense. This
system prevents -oil ‘infiltration of the intake by the use of minute
bubbles produced at and jetted from the v1c1n1ty of the sea bottom. Oil
film, ls regected by the horizontal water flow grown out near the sea
surface by the air bubbles and the oil emulsion in sea is also prevented
by the rising water flow produced by the air bubbles. '

Air for the air-bubbles is supplied by 3 compressors  (pressure: 8 bar,
delivery volume: 2,225 c¢fm = 62.3 m’/min) in the compressor room located
ashore. - a

As a second barrier, an 011 fence is stretched out at the inner side of
" the air bubbling system, having a depth of about 1 .m under the sea sur-
face and, about 10 c¢m above the water.

° -
ail sensor -
. . . e T R R
- T o,
air diffusinq system Ty

oil fence
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" Fig. 2.'2.3: Existing 0il Spill Protection Facilities



2.9 Natural Enviromment

Based on the existing data and information collected, an outline’ of  the
natural environment is given below. The observation ‘sites ‘heréinafter

described are shown in Fig., 2.3.1.
2.3.1 Climatic Conditions
(1) Atmospheric Temperature

Abu Dhabi is located in a desert climate region. In summer (April to
October), high temperature and humidity are experlenced The = average
temperature is in the range of 25 to 35 °C, and the max1mum “temperature

sometimes reaches 45 °C.

In winter {November to March), the north wind, *"Shamir”, is: strong = and
the climate is rather warm with an average temperature’ of about 20 °C. At
night, the temperature sometimes falls to 10 °C.  The monthly -average
temperatures in Abu Dhab1 city are shown in Fig. 2 3. 2

As shown in Fig. 2.3.3, "Average Variation in Teﬁpeiature , “the annual
average maximum temperature was approximately 35 °C over the 3 years from
1977 to 1979, but was about 40 °C over the years 1980 to 1982. o

As shown in Figs. 2.3.4 and 2. 3.5 respectively, the d1u1nal variations in
temperature and humidity show that the minimum temperature and maximum
humidity occur in the edrly morning at approximately 7 o’ clock, and the
maximum temperature and minimum humidity occur at around 1 o’ clock in the
afterncon. The diurnal variation in temperature and humidity are 10 to 15.
°C and 40% respectively. '

(2) Rainfall

The annual variation in rainfall is shown in Fig. 2.3.6, In Abu Dhabi,
more than 50 mm of rainfall was recorded in 1975, 1976, 1977, 1982 and
1983 The anmuial rainfall varies greatly in Abu Dhab1

As shown in Fig. 2.3.7, “Variations in Monthly Ralnfali in Abu Dhab1 a
little rainfall was observed in winter from January to March, and_ no
rainfall was observed in summer from June to September. Because 30 mm of
rainfall was observed only in August 1975 during the 14 year per1od from
1975 to 1984, the average rainfall in Abu Dhabi is recorded as - approxi-.
gately 2 mm. The variation in monthly ralnfall in Abu Dhabi is shown in

ig. 2.3.8. : : s

{3) Wind Direction and Yelocity

The wind ve1001ty frequency distributions recorded at Abu ‘Dhabi. Inter-
national Airport and Bateen Airport in 1984 are shown in Fig. 2. 3.9, The
north-westerly wind prevails at both locations. The prevailing direction
at Bateen Airport is a little northward of the prevailing direction  at
Abu Dhabi International Airport.
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Remarks:Tabulated from Information Supplied by W.E.D,
Fig. 2.3.4: Diurnal Variations in Monthly Average Temperature
at Bateen Airport (1984)
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Remarks:Tabulated from Information Supplied by W.E.D.

2.3.5;: Diurnal Variatibns'in:Monthly'Avérage Humidity
at Bateen Airport (1984)
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_-Fig. 2.3.6: Variations in Annua! Rainfall at Bateen Airport
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Fig. 2.3.7: Mohfﬁiy'Avérége Réinféli at Bateen Airport (1971-1984)
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2.3 2 Marine Conditions

(1) Tidal Level

The observations of tidal level which the Hydraulic Laboratory carried
out in the sea area around the Abu Dhabi Island from June 8 to 25, 1987,
were subjected to short-term harmonic analysis and the characteristics of
the tides were examined. The observation sites were 4 locations, Ladies
Beach {(LB), Mina Zayed (MZ), Sheik Suroors Palace (SS) and the Umm Al Nar

" Intake (UI) as shown in Fig. 2.3.1.

Remérks : Harmonic Analysis

The tidal level h(t) at a particular site at a particular time (t) -is
able to be developed in the cosine series with fixed amplitudes and fixed
periods. ' :

That is, h(t) is expressed as follows:

h{(t) = he + Shecos (wkt - ¢k )

where,

ho Javerage tidal level

hx -amplitude of component k

wi tangular velocity of component k

&« :phase of component k - :
ht icoslwr t—wx) is called component k. ¢«

The constant hx and % are peculiar to each sité, being the so-éalled
harmonic constants, The constant wx is also’common to all sites. and is

fixed for each component.

Harmonic analysis means that the harmonic constants of each component are
calculated from the recordings of tidal level. :

Tides are caused by the astronomic motions and so mény components - have
been fixed already. The following 4 componenis are important in practi-

cal application.

M, (main lunar semi-diurnal component)
angular velocity: 28.98410 deg/h .
period: 12.42 h '

S, {main solar semi-diurnal component}

angular velocity: 30.00000 deg/h
period: 12.00 h '
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K, (solar and lunar compound diurnal component)
‘angular velocity: 15.04107 deg/h
period: 23.93 h

O (maln lunar d1u1naI component)
“angular velocity: 13, 94304 deg/h
period: 25.82 h '

Hafmooic analysis can also be applied in respect to tidal currents.

1) Outllne of T1dal Level Var1at10n

As shown in the tide curve of Fig, 2.3.10, the variations in tidal level
at each site shows, apparently, diurnal tides and semi-diurnal tides. The
largest variations during the period of observation was observed on the
Juoef 14 during the spring tide period. The largest variations at LB and
MZ near the channel entrances and UI the inner part of the channel were
approximately -2 m, but the variation at SS near the middle of the channel
was approximately 1.5 m

Z)iTidol Harmonic Constants

The harmonic constants at each site are shown in Table 2.3.1. The fea-
tures of the tides at each site are as follows:

(a):Tyoe of'Tides_

The tides are usualiy:classified into”the following 3 types;

a) Sem_i-oiu;na1_1 Type F < 0.25

_2_ﬁigh_tides and 2 low tfdes are obsefvéd évery day. M, (main lunar semi-

diurnal component) and'S; (main solar semi-diurnal component) generally
cause the tides.

b) Mixed Type 0 25 < F < 1.25

The tldes are of the semi - diurnal type when the moon and the observation
site . are in the same section of the equatorial plane in a lunar month,
Contrary' to the former ‘case, the tides are of the diurnal type when the
moon and the observatxon site are in different sections of the equatorial
Plane in a lunar month

<) DiuroaizType_F > 1.25
Only one high tide and'only'one low tide are observed in a day. K, (solar

and ‘lunar. compound diurnal component) and 0, (main lunar compound diurnal
Component) generally cause the tides.



Remark: F

According to the French method of classification of t1dal types, F. is ex-.
pressed in agreement of the following equation: : ‘

F = (K, + 0,/ M, + Sz)
where,

K,: amplitude of component K,
0,: amplitude of component O,
M,: amplitude of component M,
S.: amplitude of component S,

According to the equation, F value are 1.13 at MZ, 1.20 at LB, 1,16-;at
S$S and 1.10 at UL. Therefore, the tidal types at each site is ‘- classified
as a mixed type.

(b)Y Range of Tide

The wvariation ranges in the spring t1de and the neap tide at each site
are as follows:

* MZ: Range of the spring tide is 120 cm
Range of the neap tide is 7Tl cm

* LB: Range of the spring tide is 105 cm
Range of the neap tide is 64 cm 7

% 5S: Range of the spring tide is 95 cn
Range of the neap tide is 53 cm

# Ul: Range of the spring tide is 113 c¢m
Range of the neap tide is 60 c

The range of the spring tide is the difference- between the high " water
level and the low water level during the spring tide period.’ The range of
the neap tide is the difference between the high and low ~ water  levels
during the neap tide period. Thée range recorded as SS are *‘the = smallést
values of all sites regarding both the spring and neap tides.

{c) Phase Shift

The phase shift between MZ near the channel entrance and every other szte
is 18 min at LB, 76 min at UI, and 120 min at SS rcspect1ve1y : :
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Table 2.3.1: Tidal Level Harmonic Constants in Typical Sea Areas
around Abu Dhabi Island :

e Point . _
~—— M2 Ly S5 UI
Component [ten Unit : _— .
M2 Anplitude e 47.56 42.40 37.04 | 43.24
Phase dey 25.17 33. 81 83:13 61.78
s2 © Amplitude - 12.22 | 10.25 10.62 | 13.i0
Phase deg 154.27 139,24 | 207.96 | 164.36
K2 Anplitude | em 3.32 2,79 2.86 | 3.56
Phase | deg 154.27 | 139.24 207.96 | 164.36
Nz Anplitude ca 8.07 3.56 3.42 "} . 7.89
Phase | deg | 272.76 304.81 306.14 73.10
Ki Amplitude cm 37.45 |  36.34 32.61 . | 35.42.
Phase deg 162:10 170.18 - | 199.77 | 192.04
01 Amplitude | ca 30.36 | 27.04 | 22.67 | = 26.68
Phase deg | 99.81 102.89 .| 137.07 125.01
PI fmplitude | cm 12.47 | 12.10 10,85 | 11.80
Phase | deg 163.10 17018 | 10977 | 192.04
ai Auplitude cn 7.43 © 6.96 C 5.19 6.59
1 Phase deg 118.08 114:01 | 134.98 | 134.52
M4 Ampl i tude cm 1.10 0.92 | 0.63 |  0.58
Phase deg 115.96 128.37 175.63 | 153.97
sS4 Amp1i tude cm 0.45 0.53 0.32 | . 0.43
| Phase | deg 132.23 158.56. | 226.86 | 188.24
Average Water Level ACD+H| cm 149.08 157.36 158.07 149,91
Remarks :
* (Observer : Hydraulic Laboratory -

-# Duration of Observatjon : 8th-Z5th June 1987
* Cowmmenced i : Oh O0min 9th June 1987



3) Tidal Level at Mina Zayed -

Accordlng to the results of the tidal observation which were carried out
at Mina Zayed from Februazy to December, 1987 by the Hydraulic Labora-
tory, the characteristics of the tidal level at Mina Zayed are as
follows ' ' :

(a) Avexage Water Level

The average water level during the whole observation period is ACD + 118
cm, which was recorded in February, as shown in Fig. 2.3.11.

Remarks ACD

ACD means 3 Admlralty Chart Data, and is equ;valent to the water 1evel of
129 cm below the long- term average water tevel at Mina Zayed

(b) Max1mum Water Level and Minimum Water Level

The maX Lmumn water level and the minimum water level during the whole
‘observation period are respectively ACD + 237 cm (which was recorded in
Tuly), - and ACD + 32 cm (vhich was recorded in June and December).

(c) Range of Water Level .

The monthly water levels during the whole observation period are shown in
Fig. 2.3.12. The monthly maximum range is relatively smaller in March and
September, and larger in June and December. The variation in the monthly
maximum range shows an inverse tendency to the variation in the monthly
maximum ~range. The highest monthly minimum variation was recorded in
March. ' :

— 57 —



(cm)

450 937 TR e
i 230 .~ Haxinum ¥.L.
L /\ : . / el : .
R | QOEH\/
200193 e TN 207 _ .,—1491 mmmmm ’.?"d e
[ . l—ﬁﬁs i The Highest high W.L.
2 - 156
g ISOL *—--—-; A :;-J:?,,._.».—J“The Lowest hlgh H L
- i 126 | S S S 129
'§ 3 ! L/»Jh\‘ H7 - “1 Average W L.
~ i e / \"L’/‘ 5 The highest low N L
., 100 =1 106 ~—
Q. - 95 a5
= i yt AT 60 | 52 wm===1 The lowest low ¥W.L.
50 e . — | |
- 46 (/,/. _ . s B T
i e ? The lowest water level
ACD+ 0 - SR NSV WO ST SN SN SO DU W

2 3 4 5 & 7T 8 _9 10 11 12 (Month) Tnta,l
Remarks ? Figured from Observatwns by Hydraulic Laboratary

Fig. 2.3.11: Monthly Tidal Level at Mina Zayed (1987)

2(cm) 198 198 %A .
00,_ / \ ‘ 3 / TTTTTT daximum
150 / \ /
- _ . .
R R 4 29 % P
o - -‘.""--...,_‘.‘!?0. .
s *\l//ﬁ L\""“T{;“"‘ 1 ] ] Average -
o o
3 100 2
— - J
© [
8 [ /\ 3_,’,3&?—_.._,
v )
- 64 .
50 N A,
» . om ot $ Hinimum .
, 41
-
O~ I 1 L 1 1 I | — 1 1

2 3 4 5 6 7 8 9 10 11 13 (Honth)'i'otal
Remarks : Figured from Observation by Hydraulic Laboratory
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Tabfe 2.3.2: Harmonic Constants Table at Mina Zayed (1987)

' g . ' : Harmonic Constants
8O- tComponent | Angular Velocity (deg/h)| ppojitude (ca) Phase (deg)
I BL 0.0L10486 8.99 123.0
2:]'ssa 0.0821373% 2.97 20z2.8
3 1 W 0.5463747 L.94 Q.1
< MSE 1.0158958 1.79 1846.0
5 N C1.,0980331 0.07 40.7
& -5t .. 13%.0000000 0.05 335.9
K k1 $15.0410484 25.58% 170.9
.8 1P S1L.958931L B.52 172.2
g PALL T4 9178447 Q.05 174.6
.10 PUSHIT I 15,0821333 0.13 323.¢
111 PHALL 19.1232059 " 0.08 163.9
S 12 HL S 1404920521 Q.13 52.7
13 SITAL 15.5125897 0.00 175.6
14 4 31 T1%.8854433 2.1 184.¢
1s KATL 14.5895476 0.12 144.5
14 0t 13.9430354 20.05 111.8
17 MP1 14.02517329 0.07 281.9
18017504 141 0586F84L 0.a% 35.4
19 oot 1421391017 1.54 2L0.5
70 | .ROUL 13.4713125 0.13 323.%
2t a1 "13.3986409 3.08 i02.5
22 | SIGHAL 12.9271398 0.02 363.7
23§ 201 12.8542842 0.03 22.1
P24 §2- 30.0000000 15.42 83.8
‘25 T2 . 29.9589333 - 0.03 8G.0
26| R2: 30.0L10847 0.03 2651
27 .} K2 30.0821373 .17 81.5
28 L2 '29.528L789 1.649 38.8
29" | ranDaA2 29.L554253 0.06 299 .8
30 ] Hsu2 30.5443747 0.03 273.1
3t K2 ©30.626512¢ .03 feg.t
32 M2 26.9BL1062 £0.53 24.8
33 25M2 31.0158958 0.0¢ 270.4
3e ] . 28.90195889 "0.08 50.0
3s Mxs§2 29.0662¢15 0.0¢ 18.¢
3s H2 26.639729% B.7L t.0
37 ] Nu2 28.5123831 1.67 3.0
38 | Hiu2 27.968308% 1.28 166.8
32 2M2 27.89533548 0.10 200.4
Lo HHS2 27.¢231337 0.02 220.%
21 {'gez 27.3814984 0.03 188.7
(33 iR G L% ,0410488 6.0% 40 .8
[ MK3 44.0351729 0.06 18L.68
te | 503 t3,9430354 0.06 Joe .7
L5 “3 L3.,4746154% .73 2%1.5
) tM03 62,9271398 0.05 L2
LY A I 1 90 60°.0000000 - 0.08 53.4
L8| 5K 40,0821373 0.03 2341
e M54 58.9861042 Q.06 205.0
50| MR 59.05482413% 0.01 160.¢
5t ] sSH& 58.6397295% 0.12 129.%6
52 ] e $7.948208¢L 0,85 182.0
53 .1 Mg 37.4238337 0.08 31.3
54 2SMé 88.9841042 0.08 162.3
55 | nsxeé 5¢.0842¢18 0.01 39.1
54 2H54 a7.9482084 0.08 71.2
57 MK S B8 ,0503457 0.02 57.9
58 HINS 87.,L238337 0.0% 178.9
59 1 H4 B84,9523127 0.03 222.9
40} ZMNE 84.4079380 0.09 179.2
41150 0.0000000 128.93 0.0
Remarks @

* Commenced : Oh.OOmin 1st February 1987
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2) Tidal Currents

According to the results of the continuous observatlons madc during the
15 day period from June 9 to 24 by the Hydraulic - Laboratory -in ‘the
ocean region around the Abu Dhabi Island, the special characteristics of
the tidal currents are as follows: : . -

1) Tidal Frequency

According to Fig. 2.3.13 which shows the frequency dlstr1but10n Of tidal
direction and speed, a WNW to N¥ current and an ESE to SE returning
current parallel to the channel, were recorded at Khalidiya: (SPK) - near
the channel inlet area. In the inner areas of the channel, at both the.
Maqta Channel - Gulf Hotel (MG) and the Maqta Channel- Opposite -~ (MO)
sites, a NNW to N current and a SSE to 5 returning curreni were recorded

2) Tidal Current Vector

The vaxlatxon in the tidal current vector at each s:te is shown Jn F1g
2.3.14. .

3) Long-Period Current

The average movement over 25 hours of the tidal current vector at each
site is shown in Fig. 2.3.15. The noticeable features of the long- period
current are that of a diurnal returning current of a N to ¥ and S - E
direction at SPK, and of a northerly and southerly direction at HU. At MG
inside the channel, a diurnal returning current toward ~Umm Al Nar
increases or decreases repeatedly according to the diurnal period. °

4) Harmonic Analysis of Tidal Current

According to the harmonic constants table of tidal currents: which is -
shown in Table 2.3.3, the principle component currents at each site are
M, (main lunar semi-diurnal compoment), S; {(main solar semi- :diurnal’ com-
ponent), K, (solar and lunar compound dlurnal component), and- 0, - (main
lunar diurnal component). '

The ratios of the diurnal component to the seni-diurnal component, name-
ly, (K, + 0)/M, + S;), are 0.75 at SPK, 1.29 at HU, 0.67 at MG, and

0.82 at MO. Therefore, the type of tidal current at - HU is d1urnal and of
the mixed type at SPK, MG and MO, ;



Maqta Channel, Oppositc (MO}

__Maqta Channel;, Gulf ilotel (NC)

Notes: (1

0~10ca/s
. 10~20cm,/ s
- 20~ 30cm /s
_'30~v40cm/’s
- 40~50cn 5
‘50~60¢cm /s
- 60~70ca,/s
_‘.?D“'Sﬂémys
80(:111,./5_'\»_

Remarks :
Observer » Hydraulic Laboratory

Ohserved
‘Duration : 9th~24th June 1987

Fig. 2(3i13: Tidal_Curreht Vector Frequeﬁcy in Typical Sea Areas
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Table 2.3.3: Tidal Current Harmonic Constants in Typical Sea Area

2 Duration of Observation

# Commenced

..,,: 64 I

»
.

ﬁssiiff::::::jnhﬁﬁxﬁﬁﬁ& SPK KU MG HO
Comp. | Ttem | Unit | Lo Al S A | Lo Ae] Se Ac{be A]Se A TLe ACE SCA
T Toive | deg 506 36 | 12 | 104 |3t0 | 70 |38 | ‘es
M2 Speed | co/s 36.3] 0.6 51.8 o.7] 25.3| @.3| 18.3} 0.5
Phase | deg 153 [243 |70 | 269 | 159|249 |iss } 245 |
Dire | deg 300 | 30 8 98 | 337 | 67 |335 | &5
s2 | speed | cn/s g.ol 0.1] 7.0 1.6 s.3] o0.6] 3.5] 0.0
Phase | deg 234 | 324 {300 30 |-236 | 146 |232 | 142
Dire | deg 300 30 8 98 | 337 61 |33 | 65
K2 | Speed | cn/s 2.2} o.0f 1.0 0.4 1.5} 02| 10} o
Phase | deg 234 | 324 | 300 30 | 238 1148 |234 | 144
Dir. | deg 54 144 | 13 103 {340 | 70 28 | 112
N2 Speed | ¢n/s 7.6} 0.6 10.0 b 4.9] 0.4 3.6 0.1
Phase| deg | 118 | 208 {114 24 | s e |us | 205
Dir. | deg 300 | 39 | 14 | 104 Jas9 | 63 [336 | 66
KI | Speed | co/s 18.9] 0.1] 39.2 1.0f 12.8] 0.3} 9.4] 0.4
Phase | deg 302 | a2 |320 | so }a326 |23 320 | s0_
Dir. | deg 310 40 14 104 [341 | 71 |33 66
01 Speed | ca/s 14.4] 0.4 36.5 0.2] 7.7| o0.6| 8.8 0.5
Phase | deg 236 | 146 |o2s4 | 344 | 249 150 227 | 137
Dir. | deg 300 | a9 | 14 106 {339 .| eo | 336 | 66
Pt | Speed | cn/s 6.3 o0.0f 13.0| 0.3l 43| oi1{ 3a] o0
Phase | deg 302 32 | 320 B0 {324 | 234 e 48 -
" | bir. | des 310 | 4o 14 104 | 341 71 337 | 67
ot | Speed | ca/s 2.8] o] 7.1 | o.0] 1.5] oz| 16 0.2
Phase | deg 203 |13 |2: 131 | 224 | 134 194 | 104 .
Dir. | deg 17 | 107 24 114 | 341 71 340 | 70
M4 Speed | €8/ 1.7f 0.5 5.5 0.0] 2.5 0.5 1.5 0.
Phase | deg 324 }234 |120 20 193 283 | 2m 1.
Dir. | deg | 297 27 22 112 | 342 72 346 | 75
usa | Speed | ca/s 1.8/ o.s] s3] o.0] ‘0.9 0.0 0.5 0.2
Phase | deg 170 | 80 [200 | 200 | s6 [3z6 | 141 | s
cr | deg 321 9 157 ase [
U0 1speed | eo/s | 3.8 18.9 2.6 o
Remarks )
* (Observer : Hydraulic Laborafory

9th-24th June 1987
: Oh 00zin 9th June 1987




2.3!3 Water Quality

Thé '1ange of chidride in the intake: sea watev at Umm Al Nar West 1is
between 25, 690 and 28, 250 ppm. This value is approximately 1.4 times that
of the vq!ue in Fleang standard sea water,

The analyels reeults of sea water at Unm Al Nav Statxon intake are shown
in Table 2.3.4.

The results of analysis carried out in 1984 on intake sea water at Abu
Dhabi Power Stationiintake and Umm Al Nar Station intake are shown in
Table 2.3.5. . There is much more chloride at Umm Al Nar Station than at
Abu Bhabl Pewer Station, and a similar tendency is also found in other
ana1y31s 1tems

The ranges of annual water temperatures is between 25 and 38 °C at Umm Al
Nar Statxon and between 18 ‘and 35 °C at Abu Dhabi Power Station. From
these: “results it is reckoned that at Abu Dhabi Station, facing Arabian
Gulf, exchange of sea water between the site and offing is comparatively
easy. On‘the other hand, -at Umm Al Nar Station, located at inner part of
the - channel, exchange of sea water between the site and offing is not
easy . Therefore, sea water near. Umm Al Nar Station is apt to be influ-
enced by operatxng condltlons of the plants and climatic conditions.

Hydrogen; sulflde wh1ch seems-to'be a factor causing corrosion of plant
materials"wae not detected in the sea water at Umm Al Nar Station, but
. wWas “detected at 0.3 to 1.0 ppm in the sea water at the Abu Dhabi Power
Station. As shown in . Table 2.3.6, the oil content in the sea water was
approximately 0.2 ppm, :but a very high value of 480 ppm was observed on
October 19, 1983, due to the dumping of a ship' s waste.

2. 4 Crude 011 Produced in Abu Dhabl_

In th1e 1nvest1gat10n, the assumptlon has been made that the spilled oil
oxlginates_from 0il produced in Abu Dhabi and the surrounding areas.

Table 2,4.1,showe;the_pfqperties-of the principal types of crude oil. The
‘components of the spilled oil are also assumed in Table 2.4.2.
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Table 2.3.5: Comparison between Sea Water Supply to Abu Dhabi Power
Station and Umm Al Nar Power Station (1984) L

[ S Abu Dhabi " Una Al Nar :
. tation : 4
ften : Power, Station _ Pewer Station:
pH 8.0—8.3 T 805810
Conductivity at 20°G, pS./ cm 53,000~55,000 . .60;200~-68,000
 Total Dissolved Solids at 180°C | 45,355~47,070 47,620~
ppa ' e _ R
Total Hardness, ppm as CaCQs 8, 400~8,500 8,750~9,050"
‘Calciua Hardness, ppm as CaCOs 1,000~1,250 : 19 475~1,550
Magnesium Hardness, ppm as CaCQOs §7,250~37,400 ' 7,275-7,530
Total Alkaiinity, ppm as CaCQs Cr20—~125 120~125
Chloride, ppm _ 25,000~ 26,000 - 26, 640~ 28,560
Sulphate, ppn ' 3,400~3, 600 ' 3,690~-3,968
“Iron, ppm : _ : 0.05~0.05 ' ; o
Dissolved Sillca, ppm T 0.35-0.40
Hydrogen Sulphide, ppa 0.3~1.0 : : NIl
Copper, ppa Trace~0.005 - 0.01
Suspended Matter, pdam 1.0~10.0 : ' -3-]0
Phosphate, ppm ' Nil—Trace ~ Nil
Hitrate, ppm _.. Nil
Water Temperature, °C : 18~35 : 2538

- Remarks : Tabulated fromzﬁnalyéis by WeE.De

e B e



- Table 2. 3.6: Oi1 Content in Sea Water Intake

Date _' ppa Analysed by Remarks
1983.06.20 | 0.25 . ADNOC
1963.06.22 | 0.20 ADNOC
1983.06.26° |  0.56 | avoc -~ Abnormal
1983.06.29° 0.20. ADNOC :
1983.07.03 g.20 | ADNOC
1983.07.06 | 0.22 ADNOC
1983.07.17 | 0.0 ADNOC
§983.08.03 0.30 - ADNOC
1983.08.10 | ~ 0.10 . | ADNOG
1983.09. 14 0.40 - ADNOGC
1083.10.02 |  0.30 ADNOC
1963.10.12 | 014 | ADNOC
1943.10.19 | 4.80 ADNOC Very high due to ships saste
1983.11.02. [ MIL - - ADNOC :
1983.11.09 0.45 - ADNOC
1983.11.16 | 0.10 AUNOC -
1963.11.29° | = 0.48 . ADNOG
1984.01.04 | . Q.13 f - ADNOC
1984.01.29 | - 0.20 ADNOC
1984.03.03 0.20 ADNOC
1984.03.27 0.20 ADNOC
1984.04.21 | NIL WiE.D.
1984.04.28 | 0.23 | . W.E.D.
1984.05.06 | 0.35 - | ¥.E.D.
1984.05.19° | 0.28 W.E.D.
1984.05.31 .| 0.18 W.E.D.
- 1984.06.16 |  0.18 W.E.Ds
1984.07.07 | 0.33 W.E.D.
1984.07.15 | 0135 | W.E.D.
1984.07.23 |  0.200  ¥.E.D.
1984.07.28 | ©0.166 W.E.D.
1984.08.05 | MIL | W.E.D.
1984.08.12 | 013" | #.E.D.
1984.08.19 'i:NiL;i A W.E.D.

: Rémarks :'Tabuiated from Information Supplied by %.E.D.
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‘Table 2. 4.2: Assumed Spilled 0il Composition

_n-parafiina 10% Vo!atil.e matier & Resin 30;—]
'.iso‘pa_:'r'é‘_lf ins 3% Asphaltene 15%

.Cyicl'o.-'paraf‘fins 20 % (Sulphur | 25%)
Alkyibe_tizens. _ _ 10% _ {Nitrogen 01%)
.2~3Cyc! ic_:Aramati_c.s. és% _.(Nicke{ . amgkp)
Poli cycl=i'c Aré.rna_ti ca 05 % (Vanadium ) _ 3o dg)

1. Paraffins
Hexanes:
n-Hexana - _
2-Methylpentane
2-Methylpeatane
.2, 2-Dimeéthylbutane
2,3-Dlmethylhutane .
Heplanes .
nf}_{eptane-
© 3-Methylhexane
3-Ethylpentane
2-Methylhexane -
2, %= Dimethylpentane
2,4-Dimethylpentane

Octanes
g~-Qctane ) .

- 2-Methytheptane
2,2-Dimethylhexane
2,3-Dimethylhexane’
2,4-Dlmethylhiexane
2,5-Dimethylhexane
3,2-Dimethylhexane
2-Methyl-3-ethylpentane
2,2,3-Trimethylpentane
2,3,3-Trimettylpéntane
2,3, 4-Triméthylpentane

Nonanes
n-Nonane
' 2-Methyloctane
‘3-Methylactane
4-Methyloctane
2,3-Dimethylheptane
2,6-Dimethylheptane
' Highar Paraffins
" n~Dacane
v-Undecane
n~Dodecane

Aromatics

~ Isopropylbenzens

- 1,2,3,4-Tatramethylbenzens

Cycloparaffins (Naphthenes)

Cyclopeatane
- Methyleyclopentane
Cyclohexane
Ethyleyclopentane |
Methyleyclohexane
1, 1-Dimethylcyciopeatane
1-Traos-2-dimethylcyclopentane
- 1-Cis-3-dimethylcyclopentane
1-Traps-3-dimethyleyclopentane
Propyleyclopentine
Ethyleyclohexane
1-Trans-2-dimethylcyclohexane
1-Cis~3-dimethylcyclohexane
1,1,3~-Irimethylcyclopentane
1-Trans-2-cis-3~trimethylcyclopentane
1-Trans-2-cis-4~trimethylcyclopentane
1,1,2-Trimelhylcyclopentane
1,1,3~Trimethyleyclohexane
1-Traos-2-trans~4-trimethylcyclohexane

Beniene

Tnluene
Ethyibenzene
o-Xylene
m=Xylene
p-Xylene
N-propylbenzene

1-Methyl-2-elhylbenzene
1-Melhyl-3-elhylbenzene
1-Methyl-4-ethyibenzene
-1,2,3-Trlmethylbenzene
1,2, 4~Trlmethylbenzene
 1,3,5-Trlmethylbenzene
Tert. butylbenzene

Tetrahydrooaphthzlene
Naphthalens
1-Methylnaphthalene
2-Methylnaphthalene -
5-Methyllelrahydranaplhithalene
6-Mathylletrahydronaphthalene
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