5.2 Design of 0il Monitoring System
5.2.1 Monitoring Reguirements

The fate and behavior of spilled oil at sea are governed by three types
of processes more fully described in 4. 1:

% Physical Processes

Spreading, transportation, evaporation, emulsification, dispersion, dis-
solution, direct sea/air exchange, sinking, sedimentation, and tar  jump
formation :

% Chemical Processes

Photochemical oxidation

* Biological Processes

Microbial degradation and uptake by ofgaﬁismsﬁ

The rate at which these three processes affect the disintegration or
dispersion o0il depends on the type of ‘01l and its chemical and - physical
characteristics, the elapsed time after a spill, and other environmental
conditions. : S

Based on a review of the existing oil monitoring system at Umm Al Nar
Station, it is considered that since the oil sSensors are currently dep-
loved only in the vicinity of No.1 1ntake they cannot effectlvely monitor
a wide area and detect oil in water. : :

To provide an early response for protection of the electric ‘power . and
desalination plants from accidental oil spills, it 1% necessary -to not
only detect the 0il spreading at the sea surface and in the water column
but to also provide information on meteorological and oceanographic con-
ditions for preventive action purposes. In addition to monitoring, it 1is

necessary to predict the trajectory of the oil slick once it is detected
1 ’ . _

To accomplish these recommended requirements, the following = parameters
should be monitored,

1) 0il Contamination

% 0il slicks or films on the sea surface
* 01l in water
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2) Oceanogfaphic and Meteorological Conditions

Wind speed and direction
Current speed and direction
Wave height

Tide level

* % K

5. 2.2 Review of Monitors and Sensors. for Oil.Spills'

The current state of technology relative to 0il spill monitoring was
reviewed ‘as a first step in the selection process of candidate sensors
and oil content mon1tors

(1) 011 on. Sed Suxface

A wide varlety of sensors have been developed for detect1on of 01l on the
water eurface as follows

* Remote sensors

‘Radar -
Microwave:radiometry
Infraréd: sensor
Vltravielet. sensor
Fluorescence sensor
lmwlumtlmmlTV

* % % ¥ % *

5 .

In 31tu Sensors

Sﬁrfacé"cOnduetivity-Sensor
Chemical fuse

Vapor' sensor

Mechanical torque sensor

Sonar

leferentlal evaporatlon sensor

*® * % K X F

1)y Remote Sensors R
(a)-Radar--‘

Detectlon of 011 spllls using radar is based on the suppression of wind-
driven capllldry and small-scale gravity waves due to the presence of an
01l film on the water. An oil silck reduces the amplitude of ocean waves.

The “reduced ‘amplitude, compared to surrounding water, is detected by
radar; theréby ‘indicating the presence of an 011 slick. 2) 3) 4) 9 6y )

This prlnclple is shown in- Flg 5.2. 1,

Fhﬁ contrast in radar reflectivity between an oil film and the surround-
Ing water is currently measured from airerafi.
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SEA 0IL SLICK SEA

Fig. 5.2.1: Detection by Means of Radar

Two basic methods for sensing oil by radar are used:

Side Looking Airborne Radar (SLAR) and Synthetic Aperture Radar. ~ (SAR).
SLAR, or vreal aperture radar, scans an area on the water that is not
directly below the aircraft but is off to one side, hence the name Side
Looking Airborne Radar. It is used in maritime surveillance  systems by
the US Coast Guard, Swedish Coast Guard, UK Depariment of Transport,
Dutch Ministry of Transport and Norwegian State Pollution Contrel -Autho-

rity. 8) 9) 10) 11) 12) -

Sea state affects the minimum detectable oil film thickness, however, a
detection value of less than 1 gm has been réported. :13. Synthetic  Aper-
ture Radar generates high resolution imagery by using signal processing
techniques. 14) 15) The results of an experimental test flight using SAR
have shown potential utility for sensing oil slicks. Radar -systems can
penetrate clouds and fog, and are capable of providing wide surveillance
swaths. However, difficulty is recognized in the use of radar for discri-
minating oil slicks from the surrounding water in calm conditions, or
high wind conditions that generate large-scale waves. 16) :

(b) Microwave Radiometry

Microwave radiometry is a passive system that measures the natural micro-
wave energy, or brightness temperature, emitted and/or reflected .from
surfaces. 17) 18) 19) 20) The natural microwave energy is measured as the
brightness temperature of the surface. The surface of an oil slick exhi-.
bits a higher brightness temperature than the surrounding water, and the
higher brightness temperature, the thicker the oii slick. : :

The minimum detectable oil film thickness is 5 to 100 um. . 13) It is .also
recognized that advantages of microwave radiometry include . its ability to.
penetratc weather, and its lack of dependence on ambient lighting  .condi-
Fions. A microwave radiometry sensor is currently under development. and
z§l ??ing considered for potential application to sehse'relatively thick
oi ilms, o :



{c) Inf:ared Sensox

Infrared sensors can be classified into two types of passive and active
SENnsors. :

a) Passive Infrared Sensor

A pass1ve 1nfrared sensor utlllzas ‘naturally occurring radiation. Passive
infrared sensors measure the temperature differences in thermal .infrared
between - oil . slicks and surrounding water, 21) 22) 23) 24) Fig. 5.2.2
shows the passive infrared sensor concept.

Passive infrared sensors mounted on aircraft are currently operated in
maritime surveillance systems of the US Coast Guard, the Dutch Ministry
of Transport, Swed1sh Coast Guard and the UK Department of Transport.
25) 26) 27)

One . of “the problems ‘with passive infrared sensors is that thin fllms of
0il do not produce s1gn1f1cant thermal! contrasts, and thus nay not be
detected. 28) ' The minimum detectable thickness of o0il in a film is
reported to be is 10 xm . 13)

e e

Fig. 5.2:2:.Schematic of Paésive Infrared Sensor 21)
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M) Active Infrared Sensor

An active infrared sensor utilizes radiation from an artificial’ light
source. Active infrared sensors measure the differences ' in reflective
properties of water and oil in the infrared band, The sensor consists of
an infrared transmitter and receiver. - An active infrared beam is ' trans-
mitted from a light source to illuminate the water surface. The'ref}ected
energy from the water is collected and measured by a receiver.. 29) 30)
The principle is shown in Fig. 5.2.3. Active infrared sensors: installed
on fixed structures have been widely used in refineries and manufacturlnq
plants to monitor oil in effluent and coollng water. 31) 32)

A test was conducted to confirm the ab111ty of the active sensor to- avo:d
false alarm when debris or marine algae was detected. It was demonstrated
that signatures between 0il and other materldls of dlxt, mud, - plywood,
paper and algae are different. : ' '

' HOPPER .
FILTER _  Jc7eCTORS CHOt AP

BEAMSPLITTER _|

RECEIVER -] e TRANSMITTER

M )
e~ . WATER SURFACE

Fig. 5.2.3: Schematic of Active Infrared Sensor 29)
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A ratio process that COmputes‘the;ratio of the reflected signals from two
objects with different wave lengths has demonstrated that the sensor can
detect o0il on wavy surfaces. 23) 32) The minimum detectable oil film
thickness 18 0.1 gm - 32) 34) Both passive and active infrared sensors
have the ability to detect oil in both daylight and night conditions.

(d) Ultraviolet Sensor

An ultraviolet sensor is a passive sensor that measures the difference in
reflected solar energy from ultraviclet radiation between oil and water:
oil is more highly reflective in this portion of the spectrum. 22)

It is recognlzed that uItrav1olet sensors can detect very thin films of
0il, as - thin as0.15 el compared with passive infrared sensors which
have a lzmlted ability to detect relatively thin films. 13) 28) The abi-
lity of the two sensors to detect thin films has been demonstrated in a
system. in which an ultraviolet sensor combined with a passive infrared
sensor is mountcd on an alrcraft :

This system is currently_operating in maritime surveillance activities
conducted by  the US Coast Guard, the Swedish Coast Guard, and the UK
Department of TranSport, etc. 9) 10) 35) 36) However, it was shown that
the use of ultraviolet sensors in dark conditions is very limited because
the sensor does not operate in conditions where ambient illumination is
weak. Moreover, the sensor responds to seaweed floating on the sea sur-
face: : '

{e) Fiuofescence.Sensor

A fluorescence sensor is an act1ve sensor. The portion of wultraviolet

absorbed ' by 0il is re-emitted at longer wave lengths. This phenomenon,

known as fluorescence, is the basis for operation of a flucrescence sen-

sor. 37) 38) 39) ‘A fluorescence sensor measures the fluorescence the oil

excxted by ultraV101et energy An example of this sensor is shown in Fig.
5.2. 4.

Since the wave 1ength and intensity of the emi tted fluo:escence is aif-
ferent for dlfferent types of oil and film thickness, the sensor has the
potential to - classify as well as detect oil. It is  reported that the
minimum detectable o0il film thickness is 10 to 100 xm . 40) 41) A sensor
constst1ng of an ultraviolet lamp and detector has been developed and
used to measure oil in the effluent from holding basins and their intakes
in various industries.

However, the'seﬁsitiVity is adversely affected by interference from solar
energy  and by atmospherlc attenuation in the ultraviolet wave lengths
when operating from high altitudes. Because the atmospheric attenuation
effects  in the ultraviolet region are severe, a laser fluorosensor in
which' a  laser is used as the excitation source has been developed for
airborne application.
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Fig. 5.2.4 The Principle of Fluorescence Sensor 38)

An example of a laser fluorosénsor is shown in Fig.~5.2£5f'LaSer'if1u0rb;
sensors have been extensively tested by laboratory measurements and
experimental flights. 42) 43) 44) 45) 46) 47) 48) 49) 50) 51)

(f) Low Light Level Television

A low light level TV produces images of the differences in reflectivity
of solar energy between oil and water. 2) 3) The reflectivity dlffexence
between oil and water is strongest in the ultraviolet wave lengths "As
the low 11ght level TV can immediately scan a relatlvely wide area in on
image, it is thus commonly operated as a auxiliary means of ultrav101et
sensor. 13) Usage of the television systems during night time is very
limited. ER
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Fig. 5.2.5: Airborne LaSer.Fluorosensor 45)

2) In-Situ Sensor
(a)'Surfécéstdnducﬁivity Sensor

This sensor 'system consists of a floating sensor probe connected to a
control. box containing instrumentation that continuously measures conduc-
tivity at the water surface, When an oil film makes ~contact with the
sensor probe, 0il is detected by a change in conductivity. 52) 53) 54) An
example of this system is shown in Fig 5.2.6.

The éensor is useful for detection of relatively thick oil films (minimum
detectable oil film thickness i€ 0.5 to 3 mm 52) and is affected by wave
action. It is used to monitor accidental cil spills of effluent from oil
separators and o0il storage facilities. These type of sensors are deployed
at Usm Al Nar Plant.
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Cable outlet

Fig. 5.2.6: Conductivity Sensor 53)-

(h) Chemical! Fuse Sensor

This sensor consists of a chemical fuse in the form of a membrane which
is dissolved by hydrocarbons. The sensor is set by stretching the men-
brane between two connectors that hold ‘epen a circuit breaker, ‘The‘ unit
is partially submerged in water. On contact with oLI,_the membrane dis-
solves and the presence of oil is signaled when the circuit ‘breaker
closes. 56) The sensor is sensitive to relatively fresh oil and  1light
hydrocarbons which have the potential to dissolve the membrane. These
sensors have been installed at the 1ntake facilities of the Abu Dhabi
power Station. '

(c) Vapor Sensor

The vapor sensor detects oil by sensing vapor evaporatlng from oil on the
water surface. 57) Preliminary evaluation. of this system 1nd1cates ~that
these sensors are capable of detecting a wide range of hydrocarbon vapors
in a laboratory environment. However, the. resuits of f1eld tests 1ndlcate

that sensitivity is not sufficient to detect oil ‘in an open sea env1ron-
ment.



() Mechanical Torque Sensor

This ~ sensor consists of a viscometer with a cylinder spinning inside a
slightly larger cylindrical shroud partially submerged in water as
in Fig. 5.2.7. An oil slick causes the spinner tfo become coated with
increasing . the shaft torgue.: This increased torque can be
indicates the presence of oil. 58)

shown
oil
measured and

The applicability of the detection technique has been confirmed by labo-
ratory. tests . which demonstrated that the minimum detectable oil film
thickness is 3 to 30 gm . 58) However, these test results also indicated
that a mechanical sensor would not operate in waves, would become clogged

with debris and may have difficulty cleaning itself of oil after an ini-
tial detection. 34) - . |

ON-QFF SWITCH

TO DC POWER
SUPPLY & RECORDER

SPEED CONTROL

& T FWO~REV SWITCH

SR T 3~1/8 0Dx2-7/8 1B
TRANSISTOR
CIRCUIT BOARD. -7

MOTOR

FLEXIBLE SHAFT COUPLING

Fig. 5.2.7: Mechanical Torque Sensor 41)
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{e) Sonar Sensar

This sensor applies the sonar principle to ‘the measurement of oil thick~
ness. on the water surface. Ultrasonic waves are emitted upwards from a
transponder installed in the water. 0il film thickness is measured by a
signal reflected from the boundary layer of air-oil and oil-water inter-
faces. 59) This principle is shown in Fig. 5.2.8. A prototype of an oil
thickness measuring device has been developed and tested in the labora-
tory. The minimum detectable o0il film thickness reported for this proto-
type is 3 mm. :
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|
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Storage

- Signal/data
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Fig. 5.2.8: The Principle of Sonar Sensor 59)

{f} Differential Evaporation Sensor

This sensor operates on the principle of measuring the difference in
evaporation properties between oil and water. The sensor consists. of two
temperature probes mounted on a buoy and periodically immersed, one infto
oil free water in a container, and the other into the the water surface
being monitored (Fig. 5.2.9). I ‘
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~Fig. 5.2.9: Differential Evaporation Sensor

After each immersion, the temperature change of each probe is monitored.
if no oil. is present evaporative cooling effect of the water will be the
same .for DBoth probes. However, if an oil film is present during an
immersion, ' one temperature probe will become coated with oil. Since oil
and water evaporate at different rates, the cooling effect will be dif-
ferent for each probe

The pxesence of an 011 film would be detected by the temperature

dsfference between the two probes. 6¢) 61) A design for a prototype sen-
- sor to demonstrate the detection technigue was prepared. Tests showed
that ‘the minxmum detectable oil film thxckness by the prototype sensor is
1 to:3 72, N

However, 1t became clear that the complex design necéssary to implement
this" detectxon teehnlque included a buoy configuration, a probe immersion
mechanism- and ‘& probe. clean1ng system that would require a solvent and
CONDressed air to clean the probes after cach detection. The sensor was
HOt_c0n31de1ed suitable for long-term, unattended, in-situ operation. 34)

A summary,of‘thejpresent state of sensors for detecting oil on water is
shown in Tables 5. 2.1 ‘and 5. 2. 2,
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Remote sensors measure the characteristics of emission and reflectance
of various electromagnetic wave lengths. Therefoze, the sensitivity of
such sensors.is affected by type of oil and oil film thickness, as well
as oceanographic and meteorological conditions. These factors must be
considered in the use of remote sensors. o S

Fluorescence sensors and fluorosensors have a potential for: classifying
as well as detecting oil film Other seunsors perarzly detect  only the
presence of an oil film. In-situ sensors have heen developed that measure
- the various changes in water characteristics caused by the. presence of
oil, and thus detect the oil. However, at the present development stage,
all sensors discussed in this report, except conductivity and’ chemical
fuse sensors, have problems and are not suitable for practical use.

(2} 0il in Water

Detection systems for analyzing 6il in water are generally divided into
gravimetric, spectrophotometric and other methods.

1) Gravimetric Method

The gravimetric method is a laboratory technlque whe:eby 01] contalned in
test water is extracted by a solvent such as carbon tetrachloride . or
normal hexane. The solvent is then removed by evaporation and the welght
of 0il is obtained by weighing the residue. 62)

2) SpectrOphotometric Me thod |

This method is divided into three méfhb&é '1ﬁf1aréd, 1t1av1olet fluore
scence and turbidity. Water discharged . from vessels ‘and industrial
sources is continuously monitored by these methods 52). 63) 64) 65)

(a) Infrared Method

The principle of this method is to extract the oil .contained in test
water by a solvent such as carbon tetrachloride and then ‘to measure the
absorbance of the extraction using an infrared analyzer 'in the wave
length region which stretches vibration in C-H of hydrocarhons (3.4 to
3.5 pum ). Oil concentration is calculated based on the relation between
the absorbance and concentration of oil. 52} 65) : '

Fig. 5.2.10 shows the flow scheme of the analyzer Other solvents such as
trichlorotrifluorcethane that are not absorbed in the 3.4 to 3.5 um ~ wave
length region can be used. The measuring range is 0 to 100 mg/i and accu-
racy is c¢irca 3 to 5%. 62) 686) : :
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'Fig.'5.2;10: Infrared Method Flow Scheme 52)

(b) Ultraviolet-Fluorescence Method
The prihciple used in this method includes ultravicolet radiation on to

test water and subsequent measurement of either ultraviolet absorption or
excited fluorescence. 0il content is calculated based on the absorbance
or emission strength. 53) 66) 67) 68) The basic principle of the method
is shown in Fig. 5.2.1L.

_ insulated:
photomultiplier ~  amplifier transmitter
cg;—-é— —pr—-—
. - " transmission
receiver _ signal
tood .
: indicater
excitation

Light zource

N
. d=— N ‘radistion hood

: r\ " measuring.chamber

test water jnlet

Fig. 5.2.11: Basic Principle of Ultraviolet-Fluorescence Method 52)
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Since the test water is measured directly, the structure can be kept
simple and response time can also be short. The ‘method measures the
ultraviolet absorption or fluorescence by aromatic componcnts and unsatu-
rated double bonds. Since these compounds vary w1dely from oil ‘to oil,
the method is particularly useful fotr detecting 0oil when the oil type is
known beforehand. The measuring range is 0 to 100 mg/1 dnd ‘accuracy. is
circa 2 to 5%. 62) 606)

fe) Turbidity

The turbidity of standlng test water is first measured, then the turbi-
dity of the. emulsified sample is measured using an. ultrasonic vibrator,
oil concentration is calculated based on the 'dszerence of .the two
measured turbidities. 52) 66)

Fig. 5.2.12 shows a schematic of the method.: The method is) sens:tlve - to
particle size variation, particle color and the build-up of deposits on
the photocell window. However, almost the same sensitivity is obtained
from petroleum oil as from the above conditions. The measurlng range 1s 0
to 100 mg/! and accuracy is circa 2§ 62) 66)

(- N o .
) . _F,_J - measuring cell =
solenoid :
threq Way. Custo™)
. Cos

(i)

»J ' ultrasonie vibrator

ou inlet : AR-1, AR-Z
sample ug -

Fig. 5.2.12: Schematic of Turbidity Method 52) -
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3) Other Principles
(a) Laser Fluorosensor

Several: laber quoxoqensors have been tested for oil spill detection - and
jdentification in wate: as well as for monitoring chlorophyll and turbi-
'dlty 69)

{n Gas- L1qu1d Chromatogiaphy

This 1nstrument can be USPd to determine very low concentratlons of oil.
It is, however, more frequently used as an analytical tool to ~determine
oil type for identification purposes. It could be used quantitatively by
summing - the area under the detection peaks corlespondlng to the indivi-
dual comnonents of oil. 62)

(c) Acoustxc Method

The subsurface "oil mass can be detected by the use of acoustic waves
-emitted downward from a sound source at the water surface. The scattered
wave -indicates suspended solids in the water. The principle is shown in
Fig. H.2.13.

However, it is necessary to use this method in conjunction with other
methods - for precise identification of o0il because particlies other than
oil (plankton, soil particles, etc.} are also detected by the method. Its
applicability has been demonstrated in laboratory tests. 70) This method
was also applied to detect subsurface oil from the IXTOC-1 oil well splli
‘in the Gulf of Mex1c0 71)
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Transnitier . N\ amplifier q Eég%éﬁ
Subsurface oil.-"f"\\\<::\\\ S0t LLoseope
no- N _
N 4

Selection
amplifier

@2 Steering angle

Fig  5.2.13: Schematic of Acoustic Method 70)
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5.2.3 Selection of Monitoring System

To detect oil with certainty and provide an oil spill response after
detection, it is necessary to select monitors which are: responsive to
each of the monitoring parameters. In this section, the monitors are
selected based on sensing capabilities, monitoring requirements -and
existing environmental! conditions. .

(1) 0il on Sea Surface

The sensors to be used in detection of 0il on the sea surface must be
capable of: ‘ o

Real time response

Continuous monitoring

Day and night coverage :

Effective detection under wave conditions

Effective detection unaffected by ambient conditions
Experience in field operation

¥ W % M % %

Each of the sensors previously discussed will be evaluated using ~the
above criteria. '

1) Remote Sensors

(a) Real Time Response

Each sensor has the capability of real time'respoﬂée‘for bilﬁdetectibﬁ: 
(b} Continuous Monitoring

Each sensor can continuously monitor for the.presence.of-oil.

{¢) Day and Night Coverage

Ultraviblet sensors and low iight TV are inoperative at night.

(d) Wave Condition - o

Radar cannot detect oil under high wave and ca&m condifiéﬁé,

(e) Ambient Uonditions |

The fluorescence sensor is afiected.by'htmoéphéfic aftenﬁétion.and infér‘
ference from solar eénergy. Ultraviolet sensors responds to seaweed.
Passive infrared sensors cannot be used effectively when significant
thermal contrast between oil and surrounding water is not produced.

(f) Experience in Field Operation

Microwave radiometry and laser fluorosensors are currehtly under develop-
ment.



2) fn-Situ Sensors

(a) Real Time Response

Each detector has.the capability of real time response for oil detection.
() Céntinuous Mohitoriﬁg

The differential vapor sensor is incapable of continuous monitoring since
it only samples periodically.

(c) Day and nght Covelage
Each sensor-is capable of day and night operations.
{d) Wave Conditions

_The surface conduct1v1ty sensor and mechanical torque sensor are ineffec-
tive when-the probe is separated from the water surface.

(e) Ambient Conditions
Méchaﬁical torqué SeNsoOrs c¢an become clogged with debris.
{(f) Experience in Field Operation
Vapor sensors, mechanical torque sensors and differential vapor sensors
have only been operated in laboratory or field tests. As a result of the
above "evaluation, the most practical and potential sensors appeared to
be: ' '
a) Remote Sensors
% Active infrared sensor
'b) In-situ Sensors
# Chemical fuse sensor
(2) 0il in Water
The'mOnitbf”uséd_to detect oil in water must be capable of:
* Real time response
* Continuous mon1tor1ng _
* Experlence in field operatlon
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Each monitor is evaluated based on the above criferia,

(a) Real Time Re%ponsc

The gzav1metxlu me thod and gas- ilquld Lhromatogrqphy are not Cﬁpable of
real time response, since the sample prepa:atlon and analysxs. are . per-
formed in a laboratory. '

(b) Continuous Monitoring

The gravimetric method is not capable of continuous mon1tor1ng becauae an
automatic monitor has not yet been developed. :

(c} Experience in Field Operations'

Infrared, ultraviolet-fluorescence and turbidity methods have been: used
to monitor oil in discharge water from vessels and industrial sources.
The acoustic method has been used in oil well spills. As a ‘result of the
above evaluation, the most ‘applicable monitors for detecting 61l in water
appear to be: : ' L

(a) 0il Content

% Infrared absorption method
% Ultraviolet-fluorescence method
¥ Turbidity method

Although these three methods have been applied practically to oil content
metering the ultraviolet-fluorescence method, in which it is unnecessary
to pretreat a sample water for solvent extraction, is considered as a
candidate for oi} content meter in the following section.

(b (il Particles in ¥Water
# Acoustic method

As mentioned previously, the acoustic method cannot d1scr1m1nate oil from
other suspended solids. Therefore, to measure the degree of oil “concent-
ration in water, it is necessary to design a system that combines the

acoustic method with the oil content meter as shown in_Fig;?5;2.T4;ﬁ®

r—

ACOUSTIC METHOD (OIL CONTENT METER
. Detect of suspended solid Measurement of 011 concentratlon

in the water column '

Fig. 5.2.14: Monitoring Sysfem df 0il in Wéferf



(3) Oceanographic and Meteorological Parameters
1) W1nd Dxrect10n and Speed

Knowledge of Wlﬂd direction and speed are essential for predicting the
trajectory . of - an- otl slick on the sea surface and for deployment of
countermeasure equipment. A wind sensor as shown in Fig. 5.2.15 has been
widely used for. the purpose of meteorological observations. This type of
wind sensor is sufficient for the measurement of wind direction and speed
for the above purposes.

70088

FHCTE

$350%3

T60%+

50015

T

Fig. 5.2.15: Wind Sensor

2) Current Speed and Direction

Speed and direction of sea currents are another enviromwmental factor
required for the trajectory modeling of oil slicks and deployment of
countermeasure equipment. The following twoe methods have been genevally
applied to measure current conditions.

% Current meters
* Hydrodynamic modeling

¥hen measurlng sesn current% over an extensive area using cu:rent meters,
it is necessary to deploy a large number of current meters since current
speed and direction are. influenced by bathymetric and topographic fea-
tures, Consequently, the use of current meters does not appear to bhe a
practical approach for obtaining data in this case due to the extensive
area under consideration. Alternatively, it is recommended the speed and
direction of currents be derived from numerical hydrodynamic modeling.
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3) Wave Height

Wave action is the primary factor which limits both the sensitivity . of
the oil sensor on the sea surface and the deployment of response’ equip-
ment. To compensate data measured by the oil sensor for wave action and
to judge the effectiveness of oil spill containment and removal equip-
ment, information on wave height is required. Four main types of wave
gauge are considered: ultra sonic, pitch-roll buoy, pressure . and wave

staff gauges. 49)
{a) Ultrasonic Wave Gauge

¥ith this instrument, ultrasonic pulses are emitted upward from a trans-
mitter installed on the sea bottom. The pulses reflect off surface waves
and are received by the transmitter. The wave height is calculated based
on the pulse propagation time between the sea bottom and the sea surface.

An example is shown in Fig, 5.2.16.

{b) Pitch-Roll Buoy

An accelerometer mounted on the bﬁoy follows the motion of the water
surface and obtains wave height. The shape of a surface wave is obtained
by double integration of the measured acceleration. An example is shown

in Fig. 5.2.17.

Vibratdr
Transmitter
" A/reteiver
Cable.

s X é:gfff’::ilsss :
T

Fig. 5.2.16: Ultrasonic Wave Cauge 72)
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tye bolt

Compass
Strut

. Buoy
Water surface

} Unity mm
Fig. 5.2.17: Buoy Type Wave Gauge 73)

(©) Pressﬁre Wave Gauge

This method is based on a pressure sensor installed in water at wave
height. As the device moves with wave motion, small. pressure changes are
converted to indicate wave height and period. This principle is shown in
Fig. 5.2, 18.

Meral
belliows

Pressure  tube

C ' A
3 Motor ®) Power (@) Clock -

- @ Main valve @ Needle vélve

Fig. 5.2.18: Schematic of a Pressure Yave Gauge 73)
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() Wave Staff

A wave staff is used to measure water levels directly. There are seve;al
types of wave staffs, such as graduated sticks for . visual - observation,

step resistance gauges on which electric contact points are attached, and
capacitor gauges which measure the change of electric capacity caused_ by

waves.,

In  summary ultrasonic and buoy wave gauges are sensitive to waves over
relatively deep water. A wave staff requires frequent cleaning to main-
tain sensitivity. A pressure wave gauge is useful in shallow water condi -
tions. Since the water around the Umm al Nar area is relatively shallow,
a pressure wave gauge is satisfactory for measuring waves in these_coudi~

tions.

4) Tide Level

Tide level data would be used for altitude corrections of remote Sensors.
Tide levels can be derived from the results of harmonic analysis based on

field measurements of tide described in 3. 3.

5.2.4 Alarm Threshold of 0il Spill

{1) Threshold Value

Detection of oil is based on the comparison of a threshold level and the
output signal from an oil sensor or monitor. When the output exceeds . the
threshold, an alarm is activated. If a low threshold is set, the likeli-
hood of a false alarm increases. : ' ‘

Conversely, a high threshold means that the presence of oil may be miss-
ed. The proper threshold level should be based on the balance between
reducing the number of missed detections and the likelihood of false
alarms. Crude oil and petroleum products are complex mixtures of hydro-
carbons. '

The light fraction of hydrocarbon is soluble in water. The higher molecu-
lar weight components of petroleum are essentially insoluble but can be
driven into the water column in the form of tiny droplets by wiave action.
Therefore, there are two forms in which oil could enter the power -and
desalination plant through intake water. g - '

Since there are no criteria or standards available on the allowable maxi-
mum contaminant levels for oil in sea water passing through power - and
desalination plants, it is difficult to define the :appropriate threshold
level for oil in the water column. It has been generally observed -that
spilled o0il on the water, except some kind of crude oil, immediately
spreads outward on the water surface. : :
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The observations in the field and from experiments show that oil films do
not.  tend to form homogeneous films of constant thickness. The films are
of mnonuniform thickness with lenses, striations and other sharp varia-
tions in the fllm thlckness over relatively short distances. 74)

This could be due to the distribution of burfactantq in the oil which
influence the surface tension of oil. It has been reported that the thin
region of oil slicks is mostly in the order of 1 to 5 um .

The ‘thick region is-on the order of 1 to 2 millimeter thick and -contains
most of ‘the total volume. 75) Based on these data and observations, 1
micron appears to be an appropriate thickness for the alarm threshold. of
oil on the sea surface The alarm threshold of oil in water is set to be
10 - mg/1 based on the results of numerical simulation described in 4.4.2
for 011 contam1nat10n of intake sea water.

{2y Alarm Crlterla
1) 011 on Sea Surface '

The f0110w1ng two cond1t1ons were con51deled as the trlggprlng criteria
of an alarm '

(a) An alaim is- trlggered whenever the thresheld level is exceeded.

(b) An: alarm is trxggered only 1f the threshold level is continuously
exgeeded for a preset perlod of time T.

Since the output signal fluctuates because of the random noise due .to
environmental - interferences, * it was considered that the latter alarm
criterion is desirable because there is less probablllty of a false alarm
caused by noise in the outpuf signal.

2) 011 in Water.

0il content metels and acoustic sensors are used to detect oil in water.
The = alarm’ criteria . based on - the signal sent by these equipments are
assumed to be as follows

An alarm is triggered if. the detectlon signal from the acoustic sensor is
activated and . at the same time the threshold level of the o0il content
meter ig. c0nt1nuously exceeded for a preset period of time T. The two
criteria are required since an acoustic sensor cannot discriminate oil
from other suspended solids. :
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5.2.5 Selection of Monitoring lLocations

(1) il Sensor and Monitor

Several characteristics of the site selected for placement of a monitor:_
ing station can affect the sensor and monitor performance. The selection
of the monitoring stations should be determined by considering  the

following factors:

« Anticipated high probability of drifting oil or an oil spill
% Sensor and monitor placement with respect to 0il detection .
% Stability of oceanographic conditions
# Accessibility for maintenance purposes

* Response time for preventive action

Ideally, a monitoring location should satisfy all the above factors ‘for
detection of oil spills. However, it may be impossible to find an .ideal
Jocation due to the realities of site related factors. Practically there-
fore, a candiddate site that maximizes the detection of oil  spill is

selected by considering actual site conditions.

It is anticipated that the pathways for spilled oil entering the plant
intake facilities are: : ' .

% 0il passing the three sections of B, D, and E as shown in Fig. 5.2.19
(derived from the results of oil slick trajectory simulation, 5.1.3)

% 0il passing through the waterway ¥ shown in Fig. 5.2.19. _

% 0i1 spilled from vessels moored at the pier in the vicinity of intake

No. 3

1) 0il on Sea Surface

(a) Section B

If an in-situ sensor is deployed, many.in-siﬁu sensors would be. required
to cover Section B due to its width. It is not practical to: deploy :'in-
situ sensors along the transect crossing waterway, since the Sensors
represent an obstacle to vessels and strong currents . -in ‘the  waterway
effect hoth on the sensitivity and mooring of the Sensors. In‘viéw,of=thé
limited applicability of in-situ sensors, it is recommended that a remote
sensor should be placed on a purpose-built structure since there are: no
existing structures available for placement of a remote sensor ~along
Section B. : o Co "

(b) Section D

Based on the same considerations as for section B, it is recommernided that
a remote sensor be placed on a new structure in the waterway..
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Fig. 5. _2f19: Anticipated Path of 0il

{C) SECtIOE E

It is recommended that a remote. sensor should be installed on an eX1st1ng
Structure in the vicinity of Section E, since it is possible that an in-
situ sensor might be trapped by vessels passing through Section E. The
most : practical ' ‘appfoach - appears to be to utilize the Al Ain Bridge

located approximately 1 km northeast of Section E.
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(d) Waterway W

It is recommended that a remote sensor be plaéed on'the bridge. adjacént
to the oit refinery although the results of oil slick trajectory
simulation described in 5.1.3 show the low p0351b111ty of oil drifting

into waterway LB
(¢) 0il1 Spilled from a Vessel

It is reported that an oil spill from a vessel moored at the pier near
the No.3 intake occurred as is described in 4.4.3. Consequently, this
would appear to be the area which presents the probable tocation of an’
0il spill. It would be possible to detect oil from a veqsel ‘using a
remote sensor installed on the pier. :

In addition to the above- ment ioned. mon;toning stat10ns, deployment of a
remote sensor at the inlet of lagoon may be useful to’ increase the. time
for emergency actlon,_although accuracy. and rellab111ty are - considered
lower than those of sensors installed in recesses of lagoon due to high

wave and fast current.
2) 0il in Watef

¥ith regard to monltoxlng 011 in wate1 it is fecomménded to install the
f0110W1ng equipment: S

% Strainer and piping system connecting to an oil conteft meter
# Acoustic sensor for detecting oil particles S .

These equipments ideally should be placed at ‘the same location ‘as the
sensor for oil on the sea surface. However, installation of the equlpment
at the same location would be impossible since the presence of - such
equipment interferes with the use of the watercourse for vessels. :

An available site avoiding damage to veséels is the area in front of sea
water intakes. Equipment placed here would detect oil in water before it
entered the plant. .

(2) Meteorological and Oceanographic Conditions
1) Wind Sensor

A wind monitoring station ideally should be situated on flat unobstructed
terrain. The standard placement of a wind sensor over level open . terrain
is 10 m above the ground. Where a standard height of exposure is not
available, the wind instruments are often mounted at a. height greater
than 10 m by an amount that depends on the extent, height and distance
from obstructions. There are many plants, tanks and buildings in Umm. Al
Nar which might present obstructions. Considering the following factors:
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* Mlnlmum perturbat10n& to the wind field introduced by the structures
% Access1b111ty for maintenance
* Need of a new towex 1nstd11at10n tor wind sensinq

It is lecommended that the top of the tutblne building is a suitable
place for wind measurement. If the wind speed at a arbitrary ‘height is
required, 1t can be calculated using the following logarithmic formula:

'UZZ / UZ, = In (22 / ZU) / in (Zl / Zﬂ)
wheré;

- Uzy wxnd,speed at ‘height of Z, -
Uz,: wind speed at the wind sensor he1ght of Z,
Zo: roughness length

2) Wave Helght

An 1deal locatlon for 1nstalllng a wave sensor shou]d satlsfy the follow-
1ng condxtlons : .

& Ac06881b111ty for malntenance

% Minimal lnfluence of topographlc cond1t10ns
% Relatively flat ‘bathymetric conditions

% Minimal effects of reflected waves

& Mlnlmal effects related to vessel navigation

it is appropriate to install a5wave sensor near the intake facility con-
sidering that -preventive action in the event if spilled oil will take
place 'in that waterway. An appropriate location for a wave sensor avoid-
ing the effects of the navigation route is in the area around No.?2
Intake. ' '

(3 Central Honitoring Station

A central monitoring station equipped with a processor, display and
recording devxce and alazm indicator is required. This station should be
located such that it is easxly access;ble to the person in charge of the
monitoring system and where it will attract immediate attention and faci-
litate a qulck response to’ the oil &Dlll when an alarm is activated.

from these perspectlves, the control room of the power plant is suitable
as the 10cat1on of the central mon1t011ng station.

In conc1u51on, it is recommended, based on the consideration described

above, that the various monitoring stations should be placed as shown in
P1g 5. 2,20,
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Fig. 5.2.20: Candidate Monitoring Station
Legend

(1) Section B (Active Infrared Qil Sensor)

(2) Section D (Active Infrared 0il Sensor)
(3) Al Ain Bridge (Active Infrared 011 Sensor)
(4) Waterway W (Active Infrared Oil bensor)
(5) Pier (Active Infrared 0il Sensor) :
(6) Intake No.1 (Acoustic Sensor, 0il Content Meter)
(7} Intake No.2 (Acoustic Sensor, 0il Content“ﬁeter)_
(8) Intake No.3 (Acoustic Sensor, 0il Content Meter)
(9) Turbine Building (W¥ind Sensor)

(10) Intake No.2 (Wave Sensor)

(11) Control Room (Central Mon1tor1ng Statlon)
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5.2.6: Transmission System

The communications from the remote monitoring stations require a trans-
mission. system in which data from the monitoring are carried to a central
gstation. for processing and display. The transmission system should be
planned so that both the alarm signal and measured data from the monitor-
ing statlons can be carrxed with a low probability of failure.

(1)_Tfansmissi0n Media

Transmissions. can be condutted by either radio or direct wire links,
Major factors to be considered in sélecting the transmission methods are
the conditions of monitoring station such as:

‘Distance from the central monitoring station

Existing transmission media available to pass the data
Location of sensors or monitors

Terrain

Installation cost

*****

The selected ' transmission media based on the above considerations are
shown in Table 5. 2. 3. :

Table 5.2.3: Selection of Transmission Media

Sensor / Monitor . Transmission Hedia
: . . T T
Sensors for oil on the sea : Radio
0il content meter Radio
Acoustic sehsor | Radio
Vind sensor ~ Cable
Wave sensor Radio

The dlstance of radlo 'signal propagat1on is mainly dependent on the radio
flequency . The VHF or UHF bands, which are utilized over a range from
short tfansm1s310n distances up to several tens of kilometers, are suit-
able for the. radio. transmission hetween monitoring stations and the cen-
tral . mon1t0r1ng station since the distances are relatively short. (less
than 5 km). Radio frequenC1es are allocated in accordance with rules and
regulations pertinent to radio communication. Therefore, a permit must be
obtained from the Radio Regulatory Bureau.
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(2) Transmission Method

Data tlansmszIOn procedules are c13331f1ed genexally 1nto three_ modes:
free link mode, basic link mode and IDLC - (H1gh Level Data Link  Control):
The HDCL procedure is most reliable in térms of data  error occurxences
and  has the fastest data transmission speed among these th'ec modes:’
However, the cost of HDLC hardware compared with the other two modes ‘is
expensive. The HDLC procedure is recommended from the point of view of
data transmission reliability and high data transmission speed ' R

The data acquisition system used to tlansmit data from remote stations
(sensor or monitors) to the master station (central mon;torlng ‘station)
can be divided into the thxee following methods. o :

% Polling Method

Master station calls each remote station aecordlng to.a predetermlned
sequence and receives data. : :

% Contention Method

Data from remote stations are sent to the master station ‘asynchoro-
nously whenever the conditions at a remote station changes.

* Cyclic Method

Data from remote stations are sent continuouély The polling method has
been used widely in environmental monitoring and it is easily capable
of handling an increase in the number of remote stations. Moreover, the
occurrence of problems in radio transmission and syqtem =operat1on is
low, therefore, the polling method is selected :

5.2.7 Conceptual Design of Monitoring System

The candidate sensors, monitors, monitoring stations and data: transmlsexon
systems required for protecting the power and desalination plants from
_011 spills were selected as described in the above sections. The monitor-
ing system to be developed for the plants should provide automatlc"and
unat tended detection and alarm response to an oil spill in real time.

To respond to an oil spill, it is also neceSsary that the  system : is
capable of providing information on: meteorologlcal Cand oceanoglaphlc
conditions, and the trajectory of the oil slick after ‘detection. In addi -
tion, it should be designed so that the monltorlng system is fully ‘ope-
rational in the expected deéployment environment. "The conceptual deSIgn of
the monitoring system to meet these requlrements IS descr1bed in the
following sections. : R R

(1) Total System Configuration

The components required for the monitoring system are shown in Table
5.2.4 and Fig., 5.2.21. '
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Component

Function

1 0il. Sensor

- Dil Content Meter

. Acoustic Sensor

'Wind Sensor

Vave Sensor
Telemeter

Data Processor

Data Display and
Recording Device

Trajectory Prediction
Progranm .

Data.Base of Current

" Speed and Direction
Tidal Level.Forecast .

data

Detect 0il on the sea surface
Measure oil concentration in water
Detect oil particles in water
Heasure wind speed and direction
Measure wave height

Transmit a signal

Process the transmitted data
Display and record the processed

Predict the movement of oil slick
after detection _

Storage of current speed and
direction

Forecast tidal level based on the

results of harmonic analysis

Acoustic
Sensor

‘| 0il Content

meter

.

Yave
ensor

011 Wind
Sensor Sensor
B |

L Notification and Alerting

L .

 Telemeter

!

Host Telemeter

T

..'Alarm .

'

L -

Trajég?gry
Prediction .

Program

]

Data Processor

L

—
Data Displiay
and Recorder

Alarm Criteria

-

Data Base of-j
Current Speed

and Direction

Tidal Level Forecast
hased on the
Harmonic Analysis-
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(2) Detection System for Oil on Sea Surface

1) Required Number of Sensors

The coverage area of an active infrared oil: sensor, selected -as the
remote sensor for oil on the sea, is relatively small, althpggh_ the
coverage area is dependent on the height .of the sensor above the water
surface. For adequate coverage at the monitoring statioms, at least the
number of sensors shown in Table 5. 2.5 should be deployed at ‘each " moni-

toring station.

Table 5.2.5: Number of Sensors

Honitoring Station No. of Sensors| Remarks -

Active infrared oil sensor

Section B yA

Section D 2 Active infrared oil sensor

Section E 2 " Active infrared oil sensor

Waterway W¥ 1 Active.infrared_611_sensoF

Pier 1 Active infrared oii sensof-
a : _ B

Total _Active.infrared 0il sensors : 8

2) System Configuration

The system configuration for detecting oil on the sea surface is shown in
Figs. 5.2.22, 5.2.23, 5.2,24 and 5.2.25 and Table 5. 2. 6. : : '

AC  ———— Power Supply Unit

l — ;ﬁntéﬁﬁa SN —

I

Active infrared oil sensor [—| Telemeter - |—| Radio Transmitter

Central Monitoring Station [

Fig. 5.2.22: System Coﬁfigurafion'




Table 5.2.6: Required Equipment

Monitoring Station' Equipment Quantity

Active infrared oil sensor
S -Telemeter '
Section B Radio transmitter

Antenna .

Power supply unit

W~

Active infrared oil sensor
: | Telemeter '
Section D Radio transmitter
' Antenna

Power supply unit

[

Active infrared oil sensor
_ Telemeter

Section B Radio transmitter

Antenna

Power supply unit:

[0 R R A A

Active infrared oil sensor
Telemeter

Watervay W Radio transmitter

Antenna

Power supply unit

T T )

Active infrared oil sensor
. Telemeter

Pier Radio tramsmitter

' Antenna

‘Power supply unit

Fod et meh s jeemd
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“Active infrared 0il Sensor|
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Fig. 5.2.23: Schematic Of Detection System for 011 on Sea Surface
(Sections B and D) S I
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'Fig.,5.2.24:_8chématic of Detection System for 0il on Sea Surface
' (Section E and Waterway )
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Fig.:SQZ,ZS: Schematic of Detection System for 0il on Sea Surface
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(3) Detection System for 0il in Water
1) Required Number of Monitors

{a) 0il Cbntént Meters

Because the coverage area of oil content meterS'_éan- be extended by
appropriate arrangement of the water sampling probes, = the following
number of 0il content meters would provide detection of an oil spill.

% Intake No.1 : 1 (ultraviolet fluqrgscénce aﬁéiyzer)

# Intake No.2 : 1 (ultraviolet fluorescence analyzer)

# Intake No.3 : 1 (ultravielet fluorescence analyzet)

(b) Acoustic Sensors

The following number of acoustic sensors are requiréd to cover the moni -

toring area considering the range of the sensor steering angle.

% Intake No.1l : 1
% Intake No.2 : 1
# Intake No.3 : 1

7) System Configuration for oil in water is shown in' Fig. 5.2.26, Table
5. 2.7 and Fig. 5.2.27. ' o

Antenna — @ — — = o e e e j

Radio Transajtter : I

[‘—_—j-——“- Teleneter i
@_' Punp}—— Dil Content Hjﬁj‘J——- L e ]._ -
- [W‘Centfai. 1
Honi#oriﬂg
' I . ! -.Staticn—_'ll
Acoustic Sensor - . Ve = -_
Antenpa — — — —_d - —-!_ :

Radio Transaitter Telemeter.

AC Power Supply Unit }'—‘ -

Fig. 5.2.26: System Cdnfiguration' '




Table 5.2.7: Required Eduipment

Monitoring Station

Equipment

Quantity

Tntake No.1-

‘01l content meter

Acoustic Sensor
Pum'p
Radio transmitter

Antenna

Telemeter

| Power SUpplyTUnit

T I R

Intake No.Z

0il content meter

“Acoustic Sensor

Pump

Radio transmitter

Antenna

Telemeter

 Pover Supply Unit

L - T

Intake No.3

0il content meter
Acoustic Sensor
Pump

Radio transmitter
Antenna

Teleneter

Power Supply Unit

e 2= DU SR - B o B e
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I_@/‘Acousﬁc Sensori

Fig. 5.2.27: Concept of Detection Sy"stem for 0il in Water
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3) Systems Operating Sequence

The detection system for oil in water, consisting of an acoustic sensor

and oil content meter, is operated in the sequence shown in Fig. 5. 2.28.

When ‘a

suspended solid is detected by the acoustic sensor, the

content meter is actuated to discriminate suspended solids from oil.

Acoustic Sensor

(Continuous Operation)

Detection of : NO
Suspended Solid 7

YES
JYater Sampling Pump : Water Sampling Pump
ON OFF
" Analysis by _ Analysis Stop

" (}i] Content Heter

Transmit the Analysis ' Transmission Stop

Result

Fig. 5.2.28: System Operating Sequence
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(4) Measurement System for Qceanographic and Meteorblogical Parameters

1) Required Number of Sensors

Representative data and information on environmental conditions can be
obtained by the following number of sensors.

% Wind sensor : 1
% Wave sensor : 1

2) System Configuration

The system configuration for oceanographic and metebrological: parameters
is shown in Figs. 5.2.29 and 5.2.30 and Table 5. 2.8. : '

Power Subply Unit

Wind Sensor Converter - Telemetér S T6'Centrél

Honitoring Station

Fig. 5.2.29: Wind Sensor

Antenna

Wave Sensor {——1 Power Supply Unit

Radio Trahsmitter'

Teleneter

Fig. 5.2.30: ¥ave Sensor
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‘Table 5.2.8: Reguired Equipment

”Honitofing Parameter o Equipment : Quantity
L — - -
1 W¥ind Sensor 1
¥ind Power Supply Unit 1
Telemeter i
— =1
Wave sensor 1
Power Supply Unit 1
Wave o Radio Transmitter 1
Antenna i
Telemeter 1

R L #

(5) Central Monitoring System
1) Data Processof

The pxocessor is required to receive signals from sensors and monitors at
regular time intervals, and process the data on-line and in real-time for
automatic and wnattended display and recording of the data. A computer is
suitable to carry out such data processing. A microcomputer is appropri-
ate for this application because the data processing rate is low.

'2)'Da£a:DiSp1ay and Recording

A CRT “display screen is suitable for data display. A digital printer,
floppy disk and hard disk are required for data recording. Both data
dlsplay and ‘data recording devices should be connected with the microcom-
puter for data processing. The basic data should be stored in a form
which allows easy retrieval. The data automatically displayed and record-
ed should include at least the following items:

Time and date

Alarm condltlons

Sensor or monitor condition (active, failure)
Oil concentration

Wind speed

¥ind direction

¥ave height ‘

Carrent speed and dlrection

Tidal level



The data should bhe displayed and recorded at the following frequencies.

% Alarm condition: when an alatm is devcloped

% Sensor or monitor condition: when a failure cond:tlon is developed
% 01l concentration: ~ hourly

% Wind speed and direction: hourly

% Wave height: hourly

% Current speed and direction: when an alarm is actxvated

* Tidal level: . hourly

3) System Configuration

The system configuration for the cent1a1 mon;torlng stat1on is shown in
Fig. 5.2.31 and Table 5.2.9. -

Antenna _ _ __  AC
| | - cRT display
Radio = Host : _ _Hicrol _, ——
Transmitter Telemeter Computer . =1 Floppy Bisk Unit
1

= .ﬂafd Diék;ﬂnit

-~ Printer

= :'Kéy Rééérdw‘

Fig, 5.2‘31::System Configuration



" Table 5.2.9: Required Equipmént

- Equipment Quantity

Host telemeter
Radio transmitter
Antenna

Micro Computer 1
CRT Display i
‘Floppy Disk unit 1
Hard Disk unit 1
Keyboard I
Printer 1
1
1
1

(6) TrajéctorymPredictiOn Program

A computer simulation mode! which is able of predicting the movement of
an ©il slick is a useful tool for sirategizing oil spill response. The
role of the simulation program is shown in Fig. 5. 2,32

Detection of Qil Spill
. Location
. Time

Prediction of Trajectory
by simulation Program

. Hovement of (il Slick

|

Response to Oil Spill

. —_ — —_— —_ — — —_— J—— v

. 0il boom deployment
. Operation of air bubbling system

—

Fig. 5.2.32: Role of Simulation Model
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A real-time system should be developed to use the simulation program in
emergency situvations., The ‘structure of the model to be developed is

assumed to be as follows:

(a) Drift Model

Assuming that the primary factors affecting the movement of .an oil slick
are winds and currents, a superposition theory of wind and current vector
may be applied as it is in most drift models. The wind-induced velocity
is found by multiplying the wind speed by a wind factor.

{b) Wind Data

Actual wind speed and direction data can be dlrectly obtalned from the
telemeter data transmltter from the w1nd Sensor.

{c) Current Data

The data file of current speed and direction information should be creat-
ed wusing a numerical hydrodynamic model. The data file should be stored
in a computer from which the current data can be derived since it Tre-
quires a great deal of time to prepare the temporal and spatxal descrip-

tions of current data.

{d) Input Data

The main heyboard inputs to the simulation program are:

% Location of oil slick
% Tidal phase

{e) Qutput Data

The main outputs from the simulation program are:

% Present time
# Predicted trajectory of oil slick as a functlon of time

* Wind vectors
# Current vectors

(f) Computer Systenm

The required size of the computer is a function of the size the  computer
program. The trajectory simulation program should be. developed to meet
the size requirements of the computér for monltorxng data process1ng
since it is expected that the run frequency of the model will be very
low. ' | o ' I
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(g) Operation .

The 51mu1at10n of an oil spill trajectory is initiated from the
1oad1ng the program and typing in the required input data.

data are entered from the telemetry system, and the current data are read
The simulation results are displayed on a CRT

by

from the current data f

ile.

display or on a digital printer.

The componcnts of the simulation are shown in Fig. 5. 2. 33.

Simulation Results
of hydrodynamic

quel'

]

keyboard
The wind

— T
Current Vind Data Telemeter
Data File - Wind Data
i
Computer Program Input Data
of Trajectory —— . lLocallon of
Model oil slick
. Tidal phase

Qutput Data

. Present Time
. Predicted,Trajectory
. ¥Wind Vector

. Current VYector

' Fig. 5.2.33: Components of the Simulation Model

(7) Spec1f1cat10ns of Equipment

The cowponents of the monltorlng system need to meet certain requirements

in ovdey

to operate under the expected deployment environment.

requirements are described in the following subsections.
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1) Sensors for 0il on Sea

* ¥*

* K ¥

* #

Sensing object:
Sensof typer

Operating distance:

0il film on the sea surface
- Active infrared oil sensor"

Greater than 10 m

{above water surface) -

Detectable Minimum oil film: 1 micron thickness

Ambient temperature:

Ambient humidity:
Environment:

Alarm:
Power:
Response time?

0 - 60 °C
- 20 - 100% :
Waterproof, dustproof, exp1051on proof,
corrosion resistant
0il alarm, equipment failure
AC _ :
within 20 sec.

2) Monitors for 0il in Water

{(a) 0il content meter

oA % W X W X ¥ X ¥ K

Measuring object:
Method:

Range:
Reproductivity:
Sample water:
Sample temperature:

Ambient temperature:

Amhient humidity:
Environment :
Marm:

Power:

Response time:

(b} Acoustic Sensor

* R K ¥ X % X ¥

Detecting object:
Method:

Frequency range:
Environment:

(il concentration in water column:
Ultraviolet-fluorescence method

0 - 160 ppm
Better than 5%
Sea water

10 - 40 °C

¢ -- 60 °C

20 - 100%

Dustproof, explosion proof
0il alarm, equipment failure
AC . - :
within 20 sec,

0il particle in water .

Acoustic method

100 - 3000 kHz oo :
Waterproof, corrosion resistant trcplc prooflng

Operating water depth: 0 - 20 m

Alarm:
Power:
Response time:

0il detection alarm, eqguipment failure
AC :
within 10 sec.

3) Meteorological and Oceanographic Sensors

(a) Wind Sensor

*
*
*

Measuring object:
Sensor type:
Range:

Wind Speed and dllectlon_i < -
Windmill or propeller anemeter thh w1nd vane
0 - 60 m/s, 0 - 360°
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% Accuracy: - cirea 0,4 m/s (wind speed < 10 m/s)
- - : _ circa 4 § (wind speed > 10 n/s)
% Ambient temperature: 0 - 60 °C
% Ambient humidity:' 20 - 100%
% Environment: - Waterproof, dustproof, tropic-proofing

() Wévé Sensor

* Measuring object: Wave height

% Sensor type: Pressure wave gage

# Range: . 0 - 10 m

% Accuracy: circa 1%

# Environment: Waterproof, corrosion resistant, tropic-proofing
* .

Operating water depth: ¢ - 30 m

4) Computer System

« CPU: -~ . -+ .. 32 bi't microprocessor

% Memory: Minimua 2 MB

* Display: _ _ 640 dot x 400 line (RGB)

% Peripheral memory: Floppy disk 1 MB x 2, hard disk 40 MB
% Printer: Digital printer, 136 character / line
# Keyboard: - - - with dust cover

* Power: o AC :

* Ambient temperature: ¢ - 50 °C

* Ambient humidity: 20 - 90%

S)ZTelemeter

(a),Staﬁion Telemefer S
Communication link: 1 : N

*

*.Data acquisition: Polling method
* Transmission rate: 200 BPS

* Transmission mede: - HDLC

% Power: AC

% Ambient temperature: ¢ - 60 °C

* Humidity: 20 - 90%

(b) Host Télemefer

* Communication link: 1 : N

* Data acquisition: Polling method
% Transmission rate: 200 BPS

* Transmission mode: . HDLC

* Power:’ S AC

* Ambient temperature: 0.- 50 °C.

* Bumidity: - 20 - 90%

6) Power:Supﬁly Unit

% Type: - - Uninterruptible power equipment

% Capacity: ' - More than 30 min

* Ambient temperature: 0 - 60 °C

* Humidity ' 20 - 90% _

* Environment: Waterproof, dustproof, tropic-proofing
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(8) Complete Conceptual Design

The complete conceptual desxgn is shown in F1g . 5.2.34. Because this
conceptual design is primarily based on the available data. and a -synoptic
field survey, basic and detailed designs are required to finalize: the

conceptual design.

(9) Installation Sequence

The total monitoring system can be divided into four subsystems:

% Detection system for. 011 on the sea surface

% Detection system for oil in water
% Measurement system for meteorological and oceanographlc parameters

% Trajectory prediction system

Two approaches to establishing the total monltorlng system were cons1der~
ed. :

(a) Simultaneous Installation

Installation of the four subsystems simultaneously. This approach re-
quires a high initial investment but results in a short establishment

period for the total system.

{b) Stepwise Installation

Because it has been generally observed that most spilled oil spreads and
drifts on the sea surface, the total system is established in four . steps
which are dependent on the priority related to detectxon of coil  spill,
The proposed steps are as follows: e

Step 1: Detection system of oil on the sea surface
Step 2: Detection system of oil in water . :
Step 3: Measurement system of meteorological and oceanograph1c parametexs

Step 4: Trajectory prediction system

The projected installation sequences for these 2 approaches are summarf
ized in Fig. 5.2.35 and Fig. 5. 2. 36. : '

(10) Cost Estimation
The current estimated costs for the establishment of & the moni toring

system are given in Table 5.2.10 to Table 5.2.13. However, these costs do
not include the cost of database preparation.

— 496 —



wajsAg [enideduo] (Bicl %% 7S Bij

' [P ;o i seiypesuesy SHYR19),
: poeds o | | Sy |

H oesgner| i H

3 SR e HE !

. o 1

! i jew (opry | | :

; S ARG DR { P :

‘ Axrontes | 1 L EPYPISTITR T Y
: N x50 Aoda) 3 wus 0] 4 orbRy

: — i .

" HU [
.” aa—an_m crmu m. m ..

H fe) 2073 vOBURIL

H ; £ o1pRy.

: : ey

| temcatmessesssdemserrerasnasanemcnes feema R RS R, H

MNOTLV.LS ONTHOLINOW TTvJIn3D

R LT T T PR PR

Elr N

ey

SRRRATEUR L

[ T

~d

#0099

S0y Ry
T oupey

.................................................

LS
LT e

IR
T oLpRY

Joyeed WAy 110

dLSAS NOITLS .r

IV ERR LY

opey |

MGM Emmm.\rm NG L.W L340

— 497 —



Testing

Commissioning &

Item & 12 18 Month
Designing .
N 8
Manufacturing &
Transportation
Installation R

P

Fig. 5.2.35: Simultauéous Installation

Ltem

12

24

- 36

48 Month

Step 1
Dasigning

Manufacturing &
Trapsportation

'Installation

Coﬁmissioning &
Testing

~

»N

Step 2
Designing

Mapnufacturing &
Transportation

Installation

Commissioning &
Testing

e

b

Step 3
Designing

Manufacturing &
Transportation

Installation

Commissioning &
Testing

IStep.4
Designing

Mapufacturing &
Transportation

Installation

Cormissioning &
Testing

Fig. 5.2.36: Stepwise Instéllatibn.
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Table 5.2.10: Estimated Costs (Detection System for 0il on Sea)

Table 5.

) Cost
Item QuantityfYen Portion{DH Portion
{%¥1,000) (TH 1,000}
1. Sepsor/Equipment
(1) Active Infrared 0il Sensor 8 24,000
{2} Telemeterx 8 8,000 -
L {3Y Radio Transmitter 3 8,000
-{4) Antenna . 8 100
{5) Power Supply Unit g 8,000
2, Sensor Mounting Framework ] :
(1) Offshore Platform 4 32,000
“{2) Mounting Framework for 4 2,000
Bridge and Pier
3. Packaging-and Freight lump 4,500
- : . . _
4, Installation lump 430
5.'Electrica1 & Instrumentation lump 5,800 280
6. Field Adjustment. and lump 3,000
Test Oparation
7. Other Experises lump 13,900 110
- Total 109, 300 820
2.11: Estimated Costs {Detection System for 0il in Water)
Cost,
o, Ttem Quantity |Yen Portion|DH Portion
! (¥1,000) {D" 1,000)
:i.:Sénsor/EQuipment
{1} 0il Content Meter 3 12,000
_(2)_Acoustic Sensor 3 6,000
2A3) Pump 3 6,000
{4} Talemeter & 6,000
. {3) Radio Transmitter 6 6,000
: (8) Antenna . 6 100
{7) Power Supply Unit 6 6,000
“(B) Piping Material 3 13,000
- {9) Housing for Monitor 3 80
2. Packaging gnd'F:eight lump 1,000
3. Tnstallation lump 2,850
'éﬂlﬁlectricél & Instrumentation lump 5,100 230
$._?ield Adjustment and lump 3,000
© Test Operation
E.Ommraqhmes lump 9,600 470
)
Total 73,800 3,630
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Table 5.2.12: Estimated Costs (Meteordlogiéal and
' Oceanographic Data Observation System)

Coat
Tiem Quantity!Yen Poftion DH Portion
' (¥1,000) :j(Dd 1,000)
r;: Sensor/Equipment
(1) Wind Seasor 1 2,000
(2) wave Sensor 1 3,000
{3) Telemeter 2 2,500
(4} radio Transmitter 1 1,000
(5) Antenna . 1 20 -
{6} Power Supply Uni 2 2,000
2. Packaginé and Freight ) lump 300
3. Installation : . . lump o -
4. Blectriéal & Instrumentation lump 900 ' 50
5, Field Adjustment and ©tump | © 3,000
Test Operation
6. Other Expenses 1ﬁmp 2,100 - 10
Total 16,320 70

Table 5.2.13: Estimated Costs (Central Monitoring Station)

“Cost
Item Quantity|Yen Portion|DH Portion
{¥1,000) '[(DH 1,000)
1. Equipment R
(1) Computer 1 1,000 )
{2) Peripheral Equipment 1 1,500 °|
{3) Host Telemeter 1 3,000}
{4) Radio Transmitter 1 1,500
(5} Antenna 1 50
2. Database, Software Iump 20,000
Application Program :
3. Packaging and Freight lump 200
4, Installation b lump : B
5. Electrical & Instrumentation|{ lomp S R
6. Field Adjustment and Lump 5,000
Test Operation :
7. Other Expenses Lump 1,800 2
Total ' | 34,050 S 12




L
o~

(a)

(h)

(c)

.8 Conclusions

Performance of remote 0il sensors are affected by weather and oceano-

- graphic conditions, therefore changing weather and oceanographic

conditions may alter the reliability of sensors.

There are very few actual applications of in-situ oil sensors to the
detection of 0il on the sea, since the sensors have been primarily
developed for use on land facilities such as holding ponds, drainage
pits and sewage lines. If in-situ oil sensors which are now commer-
cially available are applied at sea, the sensitivity is likely to be
degraded by waves,  fouling debris and corrosion. To use these sensors

‘and to ensure maintenance procedures.

Continuous 0il in water monitors have been'mainly used to measure the
oil content of effluents discharged from tankers and from manufactur-

ing o plaiits. Tt is believed that the main factor which adversely . af-

~fects the ' performance of the monitors installed at  sea is inter-

(d)

(e}

()

ference with the water sampling pipe caused by clogging of debris,

algae, jellyfish-  and corrosion. The pipe therefore should be well

maintained or designed to prevent such clogging and corrosion in ‘the
marine environment conditions.

It has been demonstrated that the acoustic method can be applied to
the detection of oil particles in water. However, the method should
be used in conjunction with oil content meters since this method is
not c¢apable of discriminating oil particles from other particles in
water.

Meteorological and oceandgraphic instruments have been widely used in
field observations. The reliability and stability of such instruments
are much higher than that of oil sensors and monitors.

Sensors exposed to the weather are subject to gradual depositionatl

fouling by salt and dirt. Eguipment in sea water is affected by clag-

ging, corrosion and biofouling. A scheduled maintenance program is

‘required to minimize these effects and to keep the system reliable in

the marine environment.
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5.3 Study on 0il Contamination Preventive Facilities

5.371 Existing_Oil ContaMination Preventive Facilities 5 .
(1) Prevention of 01l Dispersfoﬁ o |

1) 0il Fence |

(a) Standard of 0il Fence 1n Jdpan

In Japan, only two kxnds of oil fence,. A and B- type, are provided by an
ordinance 78) of the Ministry of Transport. But the effect of these” oil
fences has been doubtful in cases of strong wind and high wave and ~being
used in the open sea. Large scale 011 fences such as C and D- type have

been developed and used actually

standard and developing target of 0il fences in- Japan are  ‘indicated

The
Standard ‘design conditions for B-type fixed oil fence are

in Table 5. 3. 1.
as follows:

¥Wind velocity:
Wave height:
Tidal currents:

10 m/s
1m

0.5 knots (= 26 cm/s)

Table 5.3.1: Standard of Oil Fenéé in Japan5¥ '

e Type | A-Type | B-Type CType | D-Type
éﬁg¥§;;he Sea | 20cm or more 30cm or pére"aﬂpm §r ﬁoré'ﬂﬁﬁém:o? ﬁoré
Size gﬁi?gcghe Sea | 30cm or wore | 40cm or more Sﬂcm or mp??  &Qémlor;ﬁ¢re
Length 20m or more | 20m or more | 20m or more | 0m of more
g?nﬁéigtﬁtﬁﬁggzzion 6t or more | Bt or more | ot or more §§.qr m§re.

Materials vinylon, vinylon, synthetic | synthetic .
Note nylon, so on | nylon, so on | rubber,sc on | rubber,so on
Weight about 50kg | about - 70kg | about 150kg | about 200kg
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(b).Performances_and Properties Required for 0i} Fence 79)
* Not.to_be-turned up by tidal currents and ocean currents:
. If a skirt (thé part below watey

will flow inside at that part.
prevent turning up.

) of an ojl fence is turned up, oil
S0 a skirt has g reinforcing belt to

% To have superior flexibility against wave:

If flexibility'agaihst the wave is not so good, oil will flow . inside
from;upper.and lower side of an oil fence. Independent filoats installed
with short length will be used for oil fence to prevent oil invasion.

% To-haVe‘sUperiOr'stability against wave and wind:
If stability is not good ,an 0il fence will fall under strong wind and
wave, Suitable counterweights can be attached at the lower part of a
skirt to prevent it from falling down.
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# To be made of ‘weatherproof, oilproof and durable material:

If the material is not good, the oil fence will be damaged during tow-
ing and steeping in oily sea water. '

* To have good workability:

If workability is not good, a lot of time and manpower are neééSsary
for extension and re-winding of the oil fence. And also wide space  is
necessary for storage of the oil fence. ' T

(c) B_Type of 0il Fence‘

Typical types of oil fénCe are described_as follows:_

# Expansion float type | | “

'COmpressed air from an air caﬁpfessor'6r'carb0ﬁ.dio£idé.ffém:a-cyiihaer
is charged into floats fo expand. In: this type!,periodicalngas charging

18 necessary to make up for the gas leaking. But storage of the oil
fence is easy when not used. ' e

FREEBOARD

- vaRioyS -
SIZE5

BALLAST/TENSION
CHAIN SLEEVE
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+ Foam styrol float type

‘A floa{ is made oi'foam styrol. In this type, maintenance is easy but a
large storage space is necessary. So this is suitable for the fixed o0il
fence.

FOAM

Other Hixing details
o3 above

* Rise and sink type 81)
The 0il fence of this type can be deflated with valve operation when

ships are cruising. When an emergency arises, the oil fence can be set
up by inflating the floats of the o0il fence.

Therefore, it will be able to take measures quickly.

Posture of Floating - . Posture of Falling

Air Stream

__ _‘;

' Forced Fall Hose

T

Crushing by
Buoyancy Vater Pressure
—> e
- é‘f_ﬁ:liﬁe in Buoyancy
Forced Fall Sinker ~> 3

Gravity
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% Beach sealing type 80}

0il dispersion "cannot be sufficieﬁtly prevented by conventional oil
fonces at a seashore which turns dry and wet according to. the tide..

The oil fence of this type has a adjustable ballast water tank at its
skirt part. 0il dispersion at seashore can be éffectiyely prevented by
the oil fence of this type. -

ACFLECTOR STAWS SECTIONALISED
£ BOOM

HAND HOLDS
In splash iteps

TR

: EFsMﬂg WATER

Tide

BALLAST

{d) Examples of Actual Applicatibn of Oil:Fencg_SO)

# In the case of an oil effluent accident in open sea, it is necessary to
prevent oil effluence and dispersion by dispatching - quickly the main-
tenance personnel and extending many oil fences of the screen type
doubly or triply. This oil fence of expansion float type does not take
up much space and so more of them can be stored in limited space. (Fig.
5.3.1) g S o

Ex
Ry

Fig. 5.3.1 Example of Using'EnVelbped Tyﬁé diI”Féhte‘ét'éﬁen“Séa o
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% In the case of an oil effluent accident near the mouth of harbor, pre-
vention for oil invasion into the harbor and oil recovery are carried
.out by oil fences and oil skimmer (Fig. 5.3.2)

Fig. 5.3.2: Example of Using Semi-fixed Type
01l Fence at Mouth of Harbor

% 01} -{ence of the above mentioned beach sealing type can be used at
rivers where the depth of water changes due to the tides. (Fig. 5.3.3)
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" ¥ig.  '5.3.3: Example of Beach Sealing Type 0il Fence at River
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2) 0il Gelatinizer

In the case where oil flows out on the sea surface, the 0il fence w111 be
extended to prevent oil dispersion. Usually it takes more than 30 minutes
to extend a oil fence. And the extension work is only operated at a state
of omergencv So the work is not always carrled out completely

There 1s an oil gathexlng agent whlch has a main component of ethylene
glycol, additives of higher alcohol. This agent is not .so effective when
wave is high and v1scoo1ty of effiuent 011 is hlgh

1f oil can be SOIldlfled by some gell;ng agents, 0il ina damaged' tank
will be changed to solid state by these agents and oil effluence can be
prevented. Even if the solids flow out to the sea, its dlsper51on area is”
small and they can ea511y be recovered usxng mechanxcal method eg u31ng

net.

There are a few klnds of oil gelllng agents, namer,- amino.- 301d type.
gelling agent (main component is'a derivative of amino-acid) and" sorb1ta1_
type gelling agent (main component is dibenzylidene -sorbital). "~ These
agents need long time gelling and are rot effective for comparatively low
viscosity oxls such as A-heavy oil and Mahban crude 011 and so on.

According to Haglwara s report (1975) 82) many k1nds of oils can be
solidified in a short time by a certain sort of amino-acid type gelling
agent regardless of the existence of water. Special features of this

gelling agent are as follows:

# Many kinds of oils can be solidified in a short time.

% Gelling time is short for low viscosity oils such as Mahban crude il
and A-heavy oil, but long for high viscosity oils such as Iranlan heaVy

crude o1l and C-heavy oil.

* Gelling speed can be controlled by adding n- butanol as’ gelatxon delay-
ing agent. _

* Strength of gel made Wlth 1% (W/V) of the geIILng agent is comparatlve—
ly large with figure of 25 to 100 g/co’

% Solid gel returns to liquid state at 60 tolloOiﬂjc

(2) 0il1 Recovery Ship 83) | . o

Several oil recovery ships héve been de;eiooed es_follows:'

(a) "Futaba Maru” |

This ship is the flrst oil recovecy ship cooatructed in Japen io-.1968.

The outline of the structure of the ship is shown in Fig. 5. 3. 4,
This ship has a twin-hull structure , catamaran type and equxpped with =
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parallel multi-disc and a rotor at the bow. 0il film on sea surface is
collected by the rotor and then supplied to the oil-water separator
through intermediate channel between the hulls..

L TION
b i li’r#f

Secondary

Ll

-~ 1P ﬂotur?“
Separation Tank JPrimary __Prinary by i
‘ = - }Separation Tank Separatlon ¥all (':\“"‘j’ “Stream of Vater
B R Water Tank (%=
. i@ L

s .
,S( R Wi
Hain Spemflcatmn

Shlp Length 8.5

.. VWidth 4.0m

Depth 1.4m

"1 Displacement =401

| Main Engine aspsx?

Rotor 15P5x1
Speed 4., 58knot

Fig. 5.3.4: Sketch of 0il Recovery Ship "Futaba Maru”

(b) ”K1yozum1

ThlS Shlp was canstructed in Iapan and has a special oil recovery appara-
tus ‘patented by ' Standard 0il Corp., U.S.A. The apparatus has a drum
coated with foam polyurethane (foam diameter of 3 to 5 mm). The diameter
of the drum. is 90 cm and length 200 cm. 0il is recovered by squeezing the
absorbed o0il in the foam on the drum which rotates at 0 to 30 rpm. (Fig.

5.3.5)

Fig. 5.3. 5: Sketch of Twice Squeezing 0il Recovery Drum
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(c) DIP (Dynamic Inclined Plane Skimmer}) |
This ship has been develbped by JBF-Sc'ien_t'ific Corporation. A sloping
belt is installed at the intermediate channel of a twin-hull ship (Fig.
5.3.6). : : ‘ '

The belt is driven at about the Séme speed as the"inflo_wing oil. Then oil
film is collected and supplied to the oil-water separating tank on the

ship. | .

Advance Diréction

Engine Hoo;l st .
Control Plate N -1 0il Fila
£ Streanfh, /I N s .
[RETL st A N, L RS
= [Vater Stream  -Qlan Plate - .

Fig. 5.3.6: Schematic Drawings of DIP Type 0il Recovery Ship

{d}) Bridge-Stone 0il Skimmer

This ship has a floating belt having a sag like DIP type belt. 0il film
is taken into the upper side of a oil-water separating tank on the ship.

The shape of the tank is cylindrical and oil-water is separated by eddy
current. (Fig. 5.3.7) . :

L  Plate to Prevent Reversion

Vacuum Pusp SRR NEE

erser, lalye /" Floating 01l Belt /", /:ﬁhw;ﬁm. Dust

Gi) Detecter _ I S /", heshes Excluding S

SRy -Filter/- C Advancé;l)irectioa e :
Closed Eddy streas Tank. . - K] B C ol Al R '/@lide Fence -

0i] Storage Tank

AT ~ ~ D 2 i
& (0L BN ¢ ContriFugal
Detection / NSeparation!
EEEE asimegs

+

Fig. 5.3.7: Schematic Drawings of'BS"Oil' Skimmef‘ :
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© m1?ost<1n51iﬁaticn Plate Type 0il Recovery Ship)

011 film on sea suzfaCG is recovexed by a Shlp which sails at a speed of
about 3 knots ‘

0il recovery mechanism is shown in Fig. 5.2.8 Fixed inclined plate is
instalted at the front of the intermediate channel of the twin-hull ship.
0il is at first intercepted at the entrance of the fixed inclined plate

forming oil drops together with sailing of the ship. At least oil is
supplied into a oil storage tank at the stern of the ship.

0il Storage Tank Oil Film
ﬁM 11.77;;}:&; " -

Fig. 5.3.8: Inclination Plate Type Qil Recovery Ship

(f) Clean-Sweep

This ship developed by Lockheed Corp., U. S A, has a rotating cylinder at
the tw1n hull to wh1ch 011 can adhere. '

As 'shown in Fig 5 3.9, ‘many plates are arranged with one inch pitch.
This - equlpment i¢ rotated on the effluent oil film. 0Qil stuck on the
plates . goes upwards and is wiped by the wiper and into a oil transfer
pipe which 'is coaxial with the rotating shaft,

Vanes =y Wipers on Both Surfaces of Disc

0il on Surfdce
Trough

Conveyor Screw
~ (11

Pump

~_Trapped 0il Sump

1Fig?“5;3f9:'éi1 Recovery Equipment of Clean Sweep

— 511 —



Kondo’ s evaluation for the above- mentloned oil recovery ships (1976) 83)
iz as follows: o

% Cost of the shxp be1ng SUDplemental equlpment is unleaspnably expensave
as compared to that of the recovery sybtem of the main equipment.

% Crew members and a wharf;for the.oil recovery ship are'_necessary.. S0
maintenance and operation fee are expensive. ,

* 011 leaked from. xecove:y process must not be dlspersed by Saiiihg‘ of
the oil recovery ship. So propeller as p;opuls;on is c0n31dered o be
better than screw. :

% When oil surrounded by oil fence is recovered: by the ‘oil recovery ship,
there is a some possibility that the oil fence is b:oken down by the

ship.

2) 0il Fence and 0il Recovery Apparatus
(a) 0i} Enveloping Method

An oil fence is extended at down stream side of effluent oil, and the
floating speed of the oil fence is adjusted by using sea anchors ete., S0
that the oil is enveloped finally by the 011 fence

VICOMA system deVeloped by England Petroieum Co is one of those “typical
systems using this method. (Fig. 5.3.10) Generally, floating oil film on
sea surface i1s mere influenced by tidal force as compared to wind ® force,
but the oil fence exposed on sea surface is more ~influenced by wind
force.  In sea area in which directions of tides and wind ~are not the
same, considerable training and experience of the operatlon are necessary
to envelop effluent oil skillfully. : :

Tanker or Container ' Vind Direction -
wil il e _ S 3

P B capable to Bvelop sore 041 than 1,000

Vorking Ship Sea Skimser

Fig. 5.3.10: 0il Envelopment byZVICOMA_SyStem
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VICOMA  skimmer shown in Fig. 5.3.11 is an effective oil recovery equip-
ment using this method.

Rotor .
Detec
Hotor~ _ tion Hule

Floating Buoyance Tarik \ 1

Rope

! el < PanSion Fender

:‘t;jgkjggggp Steel Fender

- u__ﬂ~;x"

AR ?'} 0il Recovery Disc
y f//? 0il Pipe with Scraper
TR

Recovery 01 Translation Hose  |ey=e? 0il Pus

‘Fig. 5.3.11: Sketch of VICOMA Skimmer

() 0il Interception Method -

In this method, effluent oil is intercepted by an oil fence extended and
moored with circular or parabolic shape at the down stream side of the
floating oil. The workability of the oil fence is good and easy. If o1l
mop method developed by OMI, U.S.A. is used with this method to recover
oil film, - the combined method seems to be a reasonable and effective
method for effluent oil recovery.

3) 0il Mop and Oil Fence

0il mop machine consists of a oil mop, a mop pressing machine and guide
pulleys. * As’ shown in Fig. 5.3.12, shape of the oil mop is just like a
rope  weaved with polyethylene or polypropylene tapes of 1 mm width or
less. The ‘rope has-a length of several ten meters forms a large ring. The
guide - reel has the pulleys floating horizontally. The mop pressing ma-
chine presses the mop and at the same time drives the pulleys. Procedure
of 0il recovery by oil mop method is shown in Fig. 5.3.13.

* Rope core ' Nap(fibors)

Fig. 5.3.12: Structure of 0il Mop

— 513~
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0il Mop

Pully"

l"ank[ I ully
' ™

N T Polluted Sea SurfaceL~J:FI
Sea Surface él‘ﬂﬂ‘ﬁ“ﬂmvﬂiﬂwrﬂm’ﬂm SrafTe Il

: Saall boat
Tally
f pully

Reclam i
Barge 1scharge £ é
oty :
THG /
/ Mop e_nglne _ .
/ / Ladened mop-

Cleansed mop

Fig. 5.3.13: Sketch of 0il Recovery by oii-mop__.

The oil mop method is very effective for calm sea. conditlon but not for
high wave sea condition. In the case of hlgh wave seag-condztlon Coil
often gets over the oil mop. According to Kondo’s suggestion. (19?9) 83)
the combined system of the cil mop and the oil fences is the most reason-.
able. :

If the oil mop is guided to the thick oil film grown by interception = of
the oil fence, o1l does not get over the oil fence and the length of " the
0il mop can be shortened.. (Fxg 5 3. 14)

The oil recovery system is effective ‘50 as to utilize many  oil fences
which have been stored at present. This system does not require any - ex-
ctusive ship. The workability is comparatively easy and cost of the oil
recovery system is about 1/50 to 1/100 times as compared w1th that of the
oil recovery ship. : : :
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Figi.5‘3;14: Qi}'ﬁec0yery by Combined System of 0il Mop and 0il Fence
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(3) 0ily Water Treatment

Typical oily water treatment processes are shown in Fig. 5.3.15.

_ “ S — API
_ Natural Flotation ~— PPL
~— Floating Separation '.H:.: — CPT
- 011~ - Forced Flotation  —7— IAF
Water  —f | | _ . = DAF
Separator |— Filtration Separatioh' — Hay Fiiter"
]:: Coaiescer'
" Coagulation Separation — - Sedimentation
_ | n[: Flotation
- Physical-Chemical e Adsbrbtioﬁ Treatment - SediﬁentatiOn
Treatment SR S - “i—]:: Flotation
- Bielegical T}eatment - Activated Sludge |
Dt

Fig. 5.3.15: Typical Oily'Water Treatment Process

1) API (American Petroleum Institute)'

APT method (Fig. 5.3.16), typical example of oil-water separator method
has a simple water basin. Normally oil drops having diameters of 0.15 mm
or more are separated from water by this equipment. Emulsion 0il and  oil
adhered to suspended solid cannot be separated by this. equipment. Hay-
Filter made of hay and/or straw is prepared at the outlet of the equip-
ment to adhere and recover residual very small amount of oil.

Plate for Vatering (i} Recovery Uil Recovery ..
0il Recovery Pipe Controling Stream  Pipe Pipe . . Pipe o
' ] . ) S A Treatwment
a I T Nater

4 A
A oo YA WY SRROE WY Y SN SO PRSP S
Oilyi’atergc:-:(:“ e ‘KL"’"—M"“E:M“ “""—”E—_Jfﬂ:—é_:b 5
X —

P -

N ) : )
Screen | G2t TN Sludge Pit o Hay-Filter

Fig. 5.3.16: API Qil-Water Separator
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2)-pPI_(Para11ei Plate Interceptor) 87)

PPI method "has been developed as as an. improved version of API
(Fig. 5.3.17). Normally oil drops having diameter above 0.06 mm
separated from ‘water by this equipment. In the case of oil content of

1,000 ppr at the inlet of -this equipment, oil content of about 10 ppm can
be got at the outlet of this equlpment

me thod
can be

The . main part of thlS equ1pment is Just the same as inclined plates.

Parallel plates having each 10 ¢m pitch are prepared and increase effec-

tive - area and prevent turbulent flow and channeling in the water basin.

Separation eff1c1ency of this equipment is about 45% up as compared with
that of API. Open area for. atmosphere is comparatively small and required
installation area is about 1/4 times as compared with API.

~ Over Flowmg Pipe

‘ Scan Plate
Seal Vater iip Dralan; Cover Plate /47///¢
—_ +  W— /74
==t “h?” I ':C) th&elﬁsdgwfay//{

o e = Inlet .

%E = (R

== Fi Plate

a W,
- —mﬁ_j\ F
Pargllel Plate Suction Hose

o =z | Seal Vater
C]%,w v

\\\\. % -t Paralel Plate
]!1. _“_' Steel Frapper
1 i I

" Synthetic Rubber Frapper

Fig. 5.3.17: PPI Oil-Water Separator

3) Cpl (Corrugated Plate Interceptor)

CP1 method -has again been developed as an improved version of ‘the PPI
method,  (Fig, + 5..3.18) Special feature of this method is the shape of the
plate. " ‘Parallel corrugated plastic plates having pitches between 2 to 4
cm are: dipped -in the oily water at:an inclination of 45 degrees. Normally
oil drops - hav;ng diameters above 0,06 mm can be separated from water
using this equipment just like the PPI method. The required installation
area for CPI is about 2/3 times as compared with PPL.

] i



Gutfall_ ﬂtethaﬂe Foam. Plate

ST T o6,k
["‘“ i i
@ Cutlet Dam
@ Skiming Pipe
@ Guide
@Inlet Dam

Fig. 5.3.18: CPI 0il-Water Separator

4) Farced Floating Separation

Generally, there is a forced floating separation method known as o0il-
water separation method using air bubbling The forced floating sépara-
tion wmethod can be classified into air flotation method (IAF) and dis-
solved air flotatlon (DAF) . : ' :

Air bubble diameter gained by IAF is from 0.5 to 1.0 mm, but that of DAF
is 0.05 to 0.1 mm, 10 times smaller than IAF. In the hbrLZOntaI stream
pressurized {loating method shown in Fig. 5. 3. 19, oily water is pressur-
ized up to 3 to 5 kg/ew* and atmosphere air is’ introduced at the suction
side of the pump. '

Introduced air is compressed by pump into a dissolving tank and in about
1 min it dissolved almost perfectly into water. Accoxdlng to Henry' s law,
solubility of air into water is propotrtional to pressure and inversely
proportional to absolute temperature. : : o

¥hen pressUrized oily water is introduced into the floatlng separat1ng
tank through the reducing valve, excess undissolved: air 1s generated

the form of fine bubbles under the atmospheric pressure, Generally,f air
bubbles are liable to be generated at the interface of solxd and - liquid.
So this method has a merit that air bubbles adhere to 011 drops from the
outset. . o -
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Yaste water

/

R Reducing Valve
: Yhole Pressurized Type

Floating Room .reatment Water

‘g‘aste Water '

Treatwent Yater

Pump Treatwent ¥ater Pit

Air Dissolved Tank
Partial Pressurized Type

: Fig;-S;S.lgz'Horizontal Stream Pressurized Floating Separator

On the other hand, there are no need of pressurizing equipment, air dis-
solving tank and so on for IAF method. So the equipment of this method is
simple as 'compared with that of DAF method and applicable to the sea
water: tntake sybtem Regardxng IAF method, priority must be given to the
selection of ‘air bubble generating equipment. Main air bubble generating
equipment for oil-water separation are as shown in Fig. 5.3.20.

Studies and actuélly abplied_exampies'of forced flotation method are as
f0110w5' : . L ,

* Kondo has developed a so- caIled ”Alr bubble meetlng method” (1971) 89).
Fh;s method is’a kind of IAF method. Oily water is treated by blowing
air’ bubbles Ainto-a bottle. In Kondo’ s experlment oily water flowing 1n
‘the ‘water .was: ‘continuously treated by air bubbles generated from sub-
merged air jetting porous media having a diameter of 0.5 mm each. This
method was called “Horizontal stream air bubble meeting method”. Accor-
dlng to the result of this experiment, oil elimination of 99% or more
was obtained for oil content of 5,700 to 5,800 mg/1 after 1 to 3 hours
of aeration.
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Fig. 5.3,20: Main Air Bubble Gen’eratiﬁg Equipment
for 0il-Water Separation
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% Steiner reported (1978) 90) about the oil elimination efficiency by IAF
and DAF methods after API oil separating treatment. According to the
report, oil elimination efficiency of about 80% was obtained with
retention time of 1.4 to 1.8 min under co-existence of a cation elec-
trolyte.. o : : . _

*'Bfadléy'feportedf(1985) 91) about some examples of IAF equipment using
rotors at nozzle parts. According to the report, oil elimination of a0y
was obtained with retention time of 4 min.

% Burkhard reported (1978) 92) about influential factors for oil elimina-
tion effect of IAF method. He suggested that co-existence of high mole-
cular electrolyte and metallic salt gives a great influence for oil
elimination effect. '

% Tomita reported (1966) 93) that fine oil drops are better eliminated by
IAF and DAF method as compared with API, CPI and PPI method.

5) Filtration Separation

The principle of this method is utilization of the difference between
wetness. In this method, oily water including fine oil drops is flowed
through .filtration media such as hay, straw, shavings, synthetic fiber,
glass. wool - and adsorption filtration media such as clay, diatomaceous
earth, silic:racid.and special woven metal net. Fine oil drops are combin-
ed with each other when these fine oil drops pass through narrow space.
This phenomenon is called "Coalescene”. '

0il level .
controller Solenoid

To over board ’

. o1
Agiand L.,

=
[ 1

s T

Irom bilge pusp

S

‘Coalescer " Gravity separator

Fig. 5.3.21: Coalescer Combined with Gravity
R Separator for Qil-Water Separation
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The simplest method of this filtration separation is the Hay-Filtration
method applied for API which uses hay as filtration media: But this wmeth-
od is not so effective for emulsion oil and fine oil drops. c

Plate, glass wool, metal net, synthetic fiber etc. have been used - as
coalesciment which is the most important part of the oil-water separator.
But when plate is mainly used as oil-water separator, it is not effective
for emulsion 0il elimination. ¥hen synthetic fiber is.mainly used as oil-
water separator shown in figure 5.3.21, ‘it is effective for ‘emulsion - oil

elimination.

Since agglomeration of fine oil drops of 0.01 mm diameter . or less -is
difficult, quantity of synthetic fiber and packing density must. be = in-
creased to get high elimination efficiency. But at that time, oily water
flow is decreased by friction loss and treatment capacity is  also de-
creased. This oil-water separator shown in Fig. 5.3.21 is . not suitable
for large capacity oil-water separation but suitable for  concentrated
emulsion oil treatment. ' PR SR

6) Coagulation and Floating Separation

Pressurized floating treatment equipment with coagulant addition is shown
in Fig. 5.3.22. 0ily water is separated: to three parts, namely oil, water
and . agglomerated oil, so-called flock, by adding ‘sulfic:acid - aluminum,
iron salt and high molecular coagulant into oily water to adjust its pH
value. This flock is liablé to sink.

So o0il recovery is carried out by floatation of oil flﬁék,aﬂd surface oil
adhered to air bubbles. Special feature of this method is to make 0il
flock and float it by air bubbles. a

Vater Level Control Dam | o < R

Vater Level Controller Control N
Lgmemm] R Reredi sk
A * Yalve ~ it .
r——“——‘—-«—-——« . X ) v o
: Float
Butflow
‘ iealp S M ING | Shudee pake

Pressure Control Yalve Lfslééée Exﬂadst- '

Raw Water Tank ’ Pump

Fig., 5.3.22 Coagulation and Pressurized Floating Separatoff 
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In thlS equipmenti, coagulant is added into oily water to adjust pH value
in the coaguldtlon tank first, then oily water is saturated with dissoly-
ed air in the presaurlzed tank. The dissolved air becomes fine air bub-
ples and catches oil flocks at the surface, and escapes from the surface
later, . when preSsuxxzed 011y water is decompressed up to atmospheric
prossure Then oily scum is formed from the oil flock and recovered in
the float1ng separatlon tank

Metallic'salts;qsed as coagulants are iron salt, zinc salt, aluminum salt
and etc, The Wostlsuitable range of pH value is différent for each metal-
lic salt and influence of co-existence ion is different too.

7),Ad§0rpfioh'Tfeafmeﬁt

In this treatment, 0il in oily-water is eliminated by solid adsorption
agent. ' : '

Powder or pellet of actlvated carbon, synthetic adsorption agent, natural
adsorpt;on agent There are two kinds of method for adsorption treatment.
One” 15 the dispersion contact method which adsorption agent and oily
water are mixed and sedimented or separated by filtration. Another is the
fixed bed methad in which oily water is passed through fixed laver of
adsorptlon agent

Act;vated carbon_ is the most popular adsorption agent for waste water
treatment ‘Activated «carbon is mainly used in tertiary treatment and
waste water, recycling treatmnent. [t has large surface area of 800 to
2,000 m2/g -and has a lot of small pores. Solute in waste water is  con-
centzated at the surface of the pores, that is called adsorption. When
there is only'a small amount of 0il in water, and the smell is bad, acti-
vated carbon may be used, effectively though in most case uneconcmical,

8) Blologlcal Txeatment

When'-ample- oxygen is supplled,and agitated in sewage, blown lump like
water-moss, or so-called sludge is generated. This sludge 1is different
from raw sewage original sludge in color and smell. Being capable to
purify seWage , it'is called "activation sludge”.

A lot of aeroblc micro-organisms such as bacterium, bacilli, ferments,
mOldS, protozoa and vermin live in activated sliudge. When oil component
in oily water adheéres on the activated sludge, oil is oxidized by aerobic
bacteria. A part of oil is decomposed to carbon dioxide and water and
another 'part of oil is synthesized to cell substance of new activated
sludge.. Activated sludge treatment is a kind of oily water purification
treatment ut11121ng decomposition ability of organic matter by activated
“1ﬁdg€ and good sed1mented rate of activated sludge.

Regardlng act1vated sludge treatment, there are some demerits that .aero-

bic 'bacterium are always cultured and this treatment, has not enough
flexibility for sudden load change and it needs wide construction arca.
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9) QOther Treatments
{a) Centrifugal Separation Treatment

This treatment has been used for oil recovery from W/0-type oil emulsion
and grease recovery from wool washing waste water. Qil elimination effi-
ciency of this treatment is not so good, such as 30% or less. So this
treatment is not effective for diluted emulsion oily water.

(by Eleciric Treatment

This treatment is based on the idea that oily water including emulsion
0il is exposed to high voltage such as 10,000 volt or more between narrow
electrodes so that -dispersed emulsion oil is agglomerated - under the
strong electric field. But this treatment is under study and has. actually

not been used yet.
{c) Supersonic Waves Irradiation Treatment

This treatment utilizes the effect of supersonic waves 1rrad1at10n ‘to
increase ‘and to change interface characteristics of oil emulsion. How-
ever,  supersonic wave energy is effective both for dispersion and agglo-
meration of oil particles. Emuls10n 0il is agglomerated under the spe-
cific frequency of supersonic waves, but is dispersed at the same time.
S0 this treatment has actually not been used yet. B :

(d) Thermal Treatment

-Thermal treatment seems to be the most effective treatment among agglome-
ration treatment. It is said that oil emulsion is destroyed by thermal
energy., On the contrary, very stable oil ‘emulsion can be destroyed by
freezing at a low temperature. But these treatments are very much expen-
sive and difficult to put into practice.
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(4) Sea Water Intake Pac111t1es

The most: effectlve and 1mp0rtant 0il pollution preventive measures for a
sea water desalination plant is to avoid pumping wp 0ily sea water,

Horizontal and vertical distribution tendency of oil dlSChdrqed to sea
shows various forms depending on effluent scale, elapsed time after ef-
fluence, climatic and marine conditions at the o0il effluent area.

Generally,_'spilled_oil mainly spreads on the surface of the sea due to
the difference between density of oil and water. Therefore, measures
taken so0 as not to introduce oil from the sea water intake facilities are
as. follows_

# To pump up.sea water with comparatively low speed from the middle 1aye1
of the sed and not from the surface where the oil film is nor from the
bottom: layer where oil balls are.

£ To 1nstall sea water 1ntake facilities specially structured so that
effluent . 6il may not stay near these facilities due to the action of
~wind .and current,

. From: the above mentioned view points, typical sea water intake facilities
which -are actually operating now for the sea water desalination plants
are 'studied concerning their prevention of oil poliution. The comparison
tables are indicated in Tables 5.3.2{(1) to 5.3.2(4). Effective sea water
intake facilities for prevention of oil pollution are as follows:

* Submerged_ﬁiping system
¥ Curtaln wall system-
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Table 5.3.2(1): Comparison Table of Sea Water Intake Facilities.
Regarding Prevention of Qil Contam1nat10n
(Submerged Piping System)- 94} ‘

Intake Head

[‘—" Intake Pipe

1. Qutline

Intake head is located offing place to be able to keep
required sea water depth. Selective sea water intake is
carried out. Sea water is introduced to the pumping . . |
station on land through the intake pipe constructed at the-
sea bottom.

* Selective sea water intake can be carried out for
dispersion oil being made up of some layer.

» There is no trouble of staying of oil around the 1ntake
2. Merits head because of submerged structure.

* This system is suitable for the place of sever wind and
wave conditions.

« It will be liable to be late when new oil pollution
preventive measures is carried out, because all structures
are constructed.

* The oil pollution preventlve effect by thls system is

3. Demerits almost same with the other systems, when oil contamination
expands all layer from the sea surface to the sea bottom.
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Table 5.3.2(2): Conparison Table of Sea Water Intake Facilities

Regarding Prevention of 0il Contamination
(Pier System) 94)

| 1. Outline

Pumping station is located offing place to he able to keep

‘| carried out. The sea water is intreduced on land through

_'Intake Head Supplies Pipe
- \,... Puwping Station IT Pier
ST e

[ A e ]

Pumping Statien ppeane Pump Pipe

required sea water depth. Direct sea water intake is

piping on the pier.

1+ Seconidary pollution is very little, because a small part

of the structure stands out on the sea surface and oil
staying is limitted around the pumping station.

« 011 pollution preventive measures can be newly carried out
quickly, because some structure such as the pier and the
pumping station stand out on the sea surface.

" ]'= At the view point of the structure, selective sea water
1 intake is difficult.

S e Te Sacondary contamination is liable to occur, because some

3. Demerits

part of the structure stands out on the sea surface and
stream is disturbed. '
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Table 5.3.2(3): Comparison Table of Sea Water Intake Facilities
Regarding Prevention of 0il Contamination
{Curtain Wall System) 94) '

g
T‘\.-Jex’:ty
: Intake Pusp
_ Curtain W¥all R
1. Qutline . _ o N
obas " ) - * m . -l

- o
BT L .o.,..".-.. e i .
PR L R A

Curtain wall is located the place to be able to keep
required sea water depth and is surrounded by ripraps and -
sheet piles. . Selective sea water intake is carried ocut.
The sea water is introduced to the pumping station on land:.

» Selective sea water intake can be carried out for

dispersion oil being made up of some layer.

» New oil pollution preventive measures can be carried out

2. Herits quickly, because a part of the structure stands out on . the
sea surface. :

+ This systenm is sultable for comparatwely large scale sea

water intake systen.

+ Stream of the sea is liable to be disturbed, because a

part of the structure stands out on the sea surface. . There

is some trouble of oil staying around the sea water mtake,

3. Demerits This causes secondary oil contamination. - : : "
» This system is not smtable at strong wave place
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Table §.3.2(4): Comparison Table of Sea Water Intake Facilities

Regarding Prevention of 0il Contami :
(Beach Well System) 94) amination

1. Qutline -

e

A well is made near sea shore and the sea water is
Jntrqduced from the well to the plant by submerged sea water
intake pumps.

2. Merits

 The clean sea water.can be taken through natural
filtration such as coral and/or sand.

=_3. Bemérits

* ¥hen the sea bottom around the well is contaminated by
oil, there are some troubles of decrease of intake water

quality and oil invasion.
« This system is not suitahle for large scale sea water

intake system.
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{5) Summary

At

the viewpoint of actual use, evaluation on the above mentioned oil

contamination preventive mcthods are as follows:

*

0il enveloping method by oil fence is the most effectlve me thod f01 011_
recovery in open sea, bui is not so sui table fox small 011 effluence

0i1 fence is the most fundamental me thod which is appllcable 'to many'
kinds of cases, if application of 011 fence is changed depending on: the

conditions of oil contamxnatxon

Combined system of 0il mop and oil fence is the most effective method
in such a case when oil contamination occurs at the sea area of . low
tidal current and of short distance from seashore, because prevention
of oil dispersion and oil recovery can be’ carried out at the same time
and also mop narrowing machine can be installed easily on land nearby.

Suitable selection of sea water intake facilities is the most fundamen-
tal matter regarding measures to prevent oil contamlnatlon for sea
water utilization system, Lo -

Application of oil gelilng agent must be qtudled ca:efu]ly dependzng on
the circumstances of the place where oil contamination occurred.

Application of 0il recovery ships must be calefully conbldered because
of high expense of the constructlon dnd malntenance

Adsorption agents can be applicable as supplemental method of oil dis-
persion prevention. : . o

The effect of the combination of air curtain and o0il fence is eXpeﬁted
to be ftavorable: . :
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5.3. 2. Lxlstlng 0il Contamlnatlon Preventive System of Umm Al Nar Station
(I) Geog:aphlcal Condltzonq

'!he posatlon of Umm Al Nar Statlon was decided to be the innermost part
of “the - lagoon: 0 as to'protect the seéa water intake  facilities f{rom
- storms in the open sea as shown in-Fig. 3..1.1. The station has been com-
mer01ally opetated s1nce 1979 :

As the statlon-ls located at the innermost part of the lagoon, replace-
ment of sea water between the sea area around Umm Al Nar and the Gulf is
not  'so good, and distributions of high temperature and high salinity of
sea ~water around Umm. Al Nar are obsérved. ‘So, once an oil poltlution ac-
‘cident occurs around the Abu Dhabi Island, a long lasting influence and
difficulty of countermeasures of oil contamination, can be expected.

The wide tidal zone is_cohtaminated.during ebb tide period with oil which
invédé““the'inner'part of the lagoon. Such a process is repeated and the
011 1eaches the sea water intake of Umm Al Nar Statlon

As -the depth of water of the surroundlng area of tidal zone is shallow,
large ships cannot be used to eliminate oil and manpower only seems to he
used to effect the el1m1nat10n

Therefore, regard1ngf011 contamlnatidn preventive measures of Umm Al Nar
Station, deteriorated 0il, suspended oil in the middle layer and at bot-
tom of sea, and long lasting oil contamination must be considered, in
‘addition to invasion of dispersed 011 on the sea surface.

(2)'C11mat1c-Cond1txons

Most of .the time throughout the year,- the wind direction in Abu Dhabi . is
NWwW . Especially in February and March strong NW wind, called
“Shamal” blows. ‘The Gulf -and Umm Al Nar are connected with Baghal Channel
which lies at full length of the N¥ direction. So oil dispersion is ex-
pected to be 1nf1uenced very much by NW w1nd

Contamlnated 011 wzll be phyS1ca11y, chem1cally and biologically changed
and’ wlll -deterioraté in comparatively shorter time because of high atmos-
pher1c tempe:ature of 10 to- 45 °C in Abu Dhabi C:ty

(3) Mar;ne Cond1t1ons
1) Channel Area

The 'highest current’ speeds at-most of the: 31tes in- the channels around
‘the “Abu- Dhabi Island are 40 cm/s or more, Speed more: than 90 cm/s or was
recorded ate certa1n sites, As. the. geographlcal feature is very complicat-

ed,” d:spersed oil on the sea surface is considered to be mixed into the
Sea water at the cornmers of the channels and near the sea water mass
front. Therefore, it seems that oil fence can be used effectively only at
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limited places and oil dispersion cannot he pe:fectly prevented by 011
fence only. .

According to the results of consecutive ancho:ed observatxon of sea watet
temperature and salinity, the open sea water reached the middle part of
Baghal Chamnel during the lattier flood tide period. Therefore, effluence
oil near Mina Zayved will be dispersed to the middle part of Baghal “Chan-

nel during one flood tide period.

2) Neighbarhood of Umm Al Nar Intakes

According to the marine obser#atioﬁs, outlines of the mal1ne conditions
around Umm AI Nar intakes are as follows o

% The recorded maximum range of tldal levei was about 2 m dnd thls value
is comparatively large. : . . o

# There was no dominant cuxrent dlrectlon but to some extent the eastwald
" streams were recorded.

% The main current direction was 74 deg. and the average = current speed
over the observation period was 1.9 cm/s. : . '

% The sea water temperature was comparatlvely h;gh and the dally range of
the temperature was small, but sudden temperature rise. was. often
recorded.

% The salinity was comparatively high and the daily range of the salinity
was small.

* D1spezsed 0il in the neighborhood of the sea water 1ntakes is llable to
be gathered around the sea water intake No. 3.

The followings are presumed from the above mentloned records

# The sea water temperature and salxnity around the 1ntakes seen 10 1nd1-
cate high distribution, because of the influence of waste water from
Umm Al Nar Station (washing water of screens and 'sand filters)  and
recirculation of thermal dxscharge Once oil is 1ntroduced 4o the sta-
tion from the intakes, it is considered ‘that the oil. w111 movef=just
same as sea water around it. '

Therefore, period influenced by o0il poilut1on is expECted to be iong
(4) 011 Invasion Preventive Facilities : . ER

0il invasion preventive facilities have been installed at the sea = water
intake facilities No.1l as shown in Fig. 2.2.3. These facilities adopted
air curtain as the first barrier. Fine air bubbles are-genetated'at’ the
bottom of the sea. c e o
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0il invasion to the inside’can be prevented with up-lift air bubbles from
the bottom. of the sea and also can prevent approach of oil film with
horizontal stréam. generated by air bubbles nearby ‘the sea surface. As an
air bubble generating equipment, ”Superja” type generates large air
bubbles, and it seems to be difficult to prevent effectively the 1nva310n
of fine oil .drops floating in the sea. :

As - the secoudary_barrler, oil fence has been ddd1t10nally installed in-
side: rthe air c¢urtain. This oi}l fence has  dimensions of about 1 m sub-
merged from the sea surface and about 10 c¢m height on the sea  surface.
Invasion of dispersed oil on the sea surface can be prevented by this oil
fence, - ‘but - cannot be prevented for suspended 011 from the wmiddle and
bottom layers of . the ‘sea: : o

5) Sea Water Intake Fac111ties

Sea, water 1ntake faC111txes No.1 are made of reinforced .concrete -and
submerged  intake type. It has five intake gates, bar screens, traveling
screens and sedimentation ponds. A common channel is installed after  the
above mentioned equipment. The sea water from each gate is gathered at
the’ channel and Qupplled for each plant through band screens by vertical
pumps ‘ ‘ _

The- xnlet dlmen31on of the 1ntake is 4,50 m (W) x EL-4.30-tc -2.00 m (H).
On the:other hand, according to the observations of the tidal level in
1987 by Hydraulic Laboratory, the minimum tidal level in 1987 was record-
ed as ACD+32 cm in December. At this time, therefore, the top of the
inlet .. is’ submerged about 40 cm from the sea surface. According to the
observations. of tidal currents near the intake in QOctober, 1988, intake
speed ~ was about 40 cm/s. If this speed and the minimum tidal level are
combined: at the same time, there is some DOSSlbllltY that dispersed oil
near: the 1ntake 13 introdaced into the intake.

¥hen the acid.was put on board a tanker from the electrolysis factory
adjacent to Umm Al Nar Station on February 22, 1988, light oil effluent
accident occurred, ‘At this time, spilled light oil fiowed into  the sea
water intake facilities No. 3, the nearest intake facility from the place
where the oil splll happened.

Current velocxty dxstrlbutlon and grain size distribution of sediment in
the . sedimentation pond-of sea water intake facilities No.1 were studied
“in QOctober 1988. According to these results, speed in the pond was about
10 cm/s at 2 m layer below the sea surface and about 30 cm/s at 3 m layer
below the sea surface or more.

The range of grain’sjze-of sediments in the pond was 0.1 to 5.0 wmm in
diameter. The grain size of half of them was about 1.2 mm in diameter. As
aboye mentioned, = the flow speed in the pond is so high that not much
effective separation can be expected between water and oil.
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{(8) Effective Measures to Prevent 0il Contamlnatlon :

¥hen measures to prevent oil contam1nat10n ate applled at Umm Al ‘Nar
Station, the following items must be considered: : .

% There is some pObSIblllty of oil invasion- to Umm Al Nar Stqtlon Lhrough
Baghal Channel. (by numerical calcu}atlon) -

* There is rare possibility of d:zect 011 invasion to U Bl Nal Station;
through Bateen Chamnel. (by numer1¢al calculatlon) : . -

% As current speed is high in Baghal Channel affectlve measures: to pre~”
vent oil contamination cannot be expected in Baghal Channel {by numer-

ical calculation)

% Taking into consideration of the current speed dur1ng flood tlde pe11~.
od, semi-fixed oil fence installed at the open sea near the entrance of
Baghal Channel must be located in the offing of 5 km. (by numerxcai
calculation) - o - . 20 ! .

% There is some possibility of ¢hronic occurrence of “oil’ contamination
near Umm Al Nar Station. (by numerical calculation) :

‘Taking into consideration of the above mentioned matters, effective
measures to prevent oil contamlnatlon at Umm. Al Nal Stat1on seem to be as
follows: : - S

* To prevent oil invasion from the open sea to Baghal . Channe!l: and.’
recover effluent oil, an enveloped 011 fence is used 1n the open sea

% To prevent oil invasion in the nelghborhood of Umm Al Nar 1ntake9,
semi-fixed oil fence is installed near the entrance of South’ Ba51n of
Umm Al Nar.

% To prevent unexpected and chronic o0il invasion into  the  sea: . water

intakes of VUmm Al Nar Station, the presently used .intake facilities
should be changed to submerged piping system or curtain-wall system.



5.4 Conceptuﬂl Da51gn of 0il Contamination Preventive Systen

5. 4 1 0ut11ne of Oxl Cnntam1nat1on Preventive System

Subgect marine alea of conceptual deelgn is shown in Fig. 5.4. 1.

Hina Zayeq

A1-Jubail

' Hussafah

Fig. 5.4.1: Subject Marine Area
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As described in 5.3.2, the following countermeasures agaiSt'oil contami -
nation at Umm Al Nar Station are considered to be-effectlve in'

% Prevention of oil effluent from Alabxan Gulf to Baghal Channel_

# Prevention of oil effliuent from the entrance part of South Bas1n at - Umm
Al Nar to the sea water intake :

% Reconstruction of the plcsently used sea water intake. fa0111t1es at Umm
Al Nar Station

In this section, conceptual designs”£0r=the above mentioned counter-
measures against oil contamination will be described.

Fundamental design conditions are as follows:

(1} Marine Conditions and Climatic Conditions

1) Tide
HHYL: ACD + 2.37T m
H. ¥. L. cACD + 190 m
MS L : ACD + 1.29
LWL :AD+070m
LLW.L : 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

Negligible near Umm ‘Al Nar.Station
4) Wind

Velocity is 15m/s for oil fencg design
(e) Sea Water Temperature and Sélinity

According to the observation results in Qctober, 1988, 564 watér tempera-
ture and salinity at the front of Umm Al Nar Station are as follows:

Sea water temperature: 31 °C
Salinity: 46

therefore,

Density p, = 1.0297 g/cod
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(2) Den31ty of Effluent 011

Regardlng- the de051ty of the effluent oil, it depends on the place of
production, : effluent scale and marine conditions. So the density of ef-
fluent oil is only assumed as follows:

Oo - 1. 00 g/cm_“ | (i:.vat_er '{.:_o'ntent: 80%)

(3)_Inteke Sea Water Quantity‘at Umm Al Nar Station

% Sea water intake No.1

Q= 44, 000 we/h x 5= 220, 000 wwi/h = 61 ni/s
% Sea water 1ntake No 2
=- 50 nf/s

Q = 45,000 nf/h x 4 = 180 000 n)/h
* Sea ‘water 1ntake No 3
- Qy =55, 000 rrf/h X 1= 15 3 wf/s

5. 4. 2 Countermeasures agalnst 0il Bffluent from Gpen Sea to Baghal
Channel

ACCOldlﬁg te "the numerical calculation results carried out recently,
effluent oil near the seashore which is originated from an oil contamina-
tion accident in Arvabian Gulf, will invade Baghal Channel during the
flood tide period. Then, the wide area of the lagoon in . Baghal - Channe]
will - be contaminated by the effluent oil, once it has gotten into the
channei .. And -gradually the oil diffuses to the innermost part of the
channel_andlatzlast.arrives nearby Umm Al Nar Station. o

Therefore, 1t 13 necessary A0 execute countermeasures against 011 conta-
mination not only ai Umm Al Nar Station, but also at all fac111t1es and
in the env110nment of the charmel.

Lountermeasures aga1nst 011 eff]uent from the open sea to Baghal Channel
are as follows:

® Exten51on of 011 fence at’ the centrance part of Baghal Channel

¥ 011 recovery in the open sea by il envelop1ng me thod

(0 Exten31on Method of 0il Fence at the Entrance Palt of Baghal Channel

Based on the results of the site investigation and numerical calculation,
an extension method of oil fences at Mina Zayed, where the amount of sea
water 1nlets is at a maximum compared to other places, will be studied.

The extensxon method of 011 fences at Mina Zayed to prevent oil invasion
into the channel is shown in Fig. 5.4.2.
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% Case-1 Perfect blockade at entrance of channel.

% Case-2 Dixtension of oil fence in offing

But

The Gulf

CASE-2

01l FENGE

Fig. 5.4.2: Countermeasures against'OEI'Effiﬁent'to'Baghal?Chanﬁel Lo

these countermeasures are not practical from ‘the view point of prez

ventive efficiency and economy The reasons for this ale as fol]ows

1y

2)

3)

The said area is the most 1mportant sea route Therefore, 1f the peri-
od of oil contamination becomes lengthy, a sea route blockade of the
0il like in Case-1 is actually difficult to accomplish,

According to the site investigation results, flow velocity at the said
area is fast at about 40 to 90 cm/s. But the maximum endurance  speed
of an oil fence, even of the D-type, is said to be about 50 cm/s.

Therefore, not much can be expected from the preventive eff1c1ency of
oil fences in this area. : :

According to the numerical calculation, markers flowing near seashore
almost flowed into the chamnel from 5 km offshore from the embankment:

In Case-2, therefore, an oil fence wouid have to be exteﬁded'_up to

more than 5 km. So, the extension of oil fences is not .practical at
the said area. : . -
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(2) Qi} EnVeioping'Method in Offshore of Abu Dhabi Island

As mentioned above, utilization of semi-fixed oil fence at the said avea
is not practical from the viewpoint of preventive efficiency and economy.

Therefore, to minimize the invasion of oil into the said channel from an
0il! contamination accident in the Gulf, the best way is if an oil {fence
extension ~ship and an oil recovery ship are always prepared and ready
‘nearby the said place, and prevéention of oil dispersion and 0il recovery
in the Gulf qhould be carrled out by these ships.

Accordlng to - numerical calculat1on, an 011 nass Iocated 5 km offshore
will - arrive-at. the inlet mouth of Mina Zayed w1th1n 3 toe 5 hours in the
max i mum sp11ng tide- peraod

: herefore, the 011 fence extension Shlp and the 011 recovery ship should
arrive at the said place within 2 hours.

1) OiI:Fence:EXteﬁsion‘Ship

Generally, an oil fence ship drags an already extended oil feuce to the
site to prevent 0il’disper$1on But. this time,” as prompt action is neces-
sary, -an o0il fence on-board ship which is able to carry, extend and re-
wind an 0il fence is prefelable Such an.oil fence on-board ship is shown
in F1g 5.4.3. : '

2) 0il RécoVéry Ship

Generally, oil enveloped by an oil fence is recovered by an oil recovery
ship. The oil fénce on-board shxp méntioned above has some kinds of oil
FeCovery _equxpment on-board, But fyom the viewpoint of the mobility of
oil recovery, the- prepalatlon of a professional o1l recovery ship is
preferable Such an 011 xecovery shlp is shown in Plg 5.4, 4,

:Maln Spec1flcat10ﬁs

Léngth of;ship:_ : 22.3 m
- Width of ship: - : 9.3 m
- Width of . single hull: 2.9 m
- Depth. of hall: 32w
'Drought R ' 2.0 m
Total displacement 100 GY
Speed: 10 knot
Main englne S “Diesel 350 ps x 2 sets

0il recovery equipment: " Dram fin type 1 set
0il recovery capacity: 30 nv/h
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Ship body
Length 24.70 m
Width 7.00 a
Depth - . : 3.05m -
Draught (plan) 2.20 m
Navigation area coastal area
Total displacement 128.87GT
Real displacement 51.47T
Maximum speed 11.26 knot

2 sets

- Hain engine e
Water ccohng, 4 cﬁcle, h.lgh speed
diesel engine .
Power#rotation . 85095*8601';@

il recovery equlpnent - 2 sets

Inclinated plate type
0il reccvery

50 311?/}1

Fig. 5.4.3: Example of 0il Fence Extension Ship



Main specification |

of ship . 223 m
Vidth of ship 93n
Width of single hull 29m
Depth of ship 32w
- Draught 2.0m
Total displacement - 100 6T
: : : 10 knot
Main engine ] diesel 350psX 2 sets
0il recovery equipment dram fin type 1 se
0il recovery capacity 30ni/m

Fig. 5.4.4: Exanple of 0il Recovery Ship
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5.4.3 Prevention of 0il Inflow at Entrance Part of Umm Al Nar South Basin

According to the results of numerical calculation, inflowing oil to ‘the
channel will probably arrive at the sea water intake facilities of Umm Al
Nar Station through the canal between Essall and Assamaliyah as shown 'in
Fig. 5.4.1. Also, oil which disperses near Umm Al Nar has higher possibi-
lity to inflow into the sea water intake facilities of Umm- Al Nar

Station.

Considering marine and geoegraphical conditions at'the sea water intake of
Unm Al Nar Station, conditions of oil contamination are -as follows:

* Inflow oil near the sea water;intake of‘the station hés_some”.tendenCy
to gather near the intake of the station'No;3.- L

% 0il, once it passes into sea water intaketseems'tb"be*fecircuiated in

the station due to the influence of waste water discharged near the sea
water intake and/or thermal discharge from Umm Al Nar Station. So the
influence of the oil contamination in the station will continue for a
long time. R '

As the surface sea water is supplied into the station by the presently
used sea water intake facilities at the time of L.L.W.L of tidal level,
oily-water near the sea water intake system will be introduced into the
station together with the surface sea water. o

Therefore, regarding protection of the station from oil contamination, it
would be most effective to prepare an oil inflow_prevehtiOnVSystem at the
entrance of South Basin of Umm Al Nar. The location of the oil fence
extension in this sea area is shown in Fig. 5.4.5. = .

An oil fence is usually wound on a winder located at Umm Al Nar Station
side so as not to obstruct sea routes. ‘The oil fence will be extended
from Unm Al Nar Station side to the opposite side only when thete is some
fear of oil invasion. 0il fence and accessories are described hereafter.

(1) 0il Fence (length of 1,300 m)
Marine conditions at this sea area are as fdlléws:_”

Tidal currents: 20 cm/s
Wave: negligible
Wind Velocity: 15 m/s

According to the above mentioned marine conditions, a normal oil fence
would be sufficient. But this time, a B-type oil fence having a long
skirt will be adopted. There are many kinds of B-type oil fences approved
by 'the Ministry of Transport, Japan. One example of B-type oil  fence
having a comparatively long skirt is shown in Fig. 5.4.86. |



0i1 Fence housing:
Windor 126t Iutakg

. 'Oil fence
L TERLIg .

\\\ : Soulh Basin

'Ektcndiug direction of oil fence

Fig. 5.4.5: Extension Location of 0il Fence
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'-.F;ig. 5 4, 6 jEkampie' of B- type 0il Fence
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(2) 0il Fence Winder

Installation of an oil fence w:ndex at the embankmcnt of Umm Al Nar Sta-
tion is necessary for the extension and rewinding of the oil fence speed |
ily in case of ewmergency.- An example of the oil fence winder 1is shown in

Fig. 5.4.7.

Standard Specification

l w |
| j
Y Maving Part
Bﬁ&eﬂﬁm~ g
e ¥
 Broke Podal JIT - :i,-w: &
& _ : {}ihu;‘
B-type 0il Fence . _ 'Size of Reﬁindef ()
Type | Length of Rewind (m) | VWidth of Dram (ﬁ) Dlameter of Dram (L)
TE-1- 160 1.8 - 3.8
TK4% 200 2.5 3.8
-3 300 3.2 4.0
TR-4 400 3.78 4.5
TH-5 500 3.7 4.5
%6 800 4.15 4.5

Fig. 5.4.7: Example of Oil_Fencé Winder

(3) 0il Fence Extension'Ship

An oil fence extension ship is required to use an 011 fence wxnder effec-
tively and also must always be prepared nearby ‘the w1nder,'ready for an
emergency situation. An oil fence extension ship is shown in Fig. 5.4.8.
And also the oil fence winder and extension work are shown in Fig. 5.4.9,



In the case of these facilities, about 3 to. 4 hours is necessary to fully
extend the oil fence of 1,300 m in length., Therefore, an o0il monitor
system must be located to be able to alarm the oil fence winder in advan-
ce, ‘aay 5 hours before the oil reaches the station.

“Fig. 5.4.9: Extehsion Work by 0i1 Fence Winder
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5. 4. 4 Reconstruction of Existing Sea Water Intake Fac:l ties in Umm Al
Nar Statiomn : o = o SN

Asg mentloned above, the su1face sea water is. 1ntr0duced 1nto the station
by presently used No.1 to 3 sea water intakes under certaln tidal condi-

tions.

Therefore, it is almost impossible to prevent o0il 1nva31on into the sta-
tion through the presently used sea water intake system. if 'an unexpected
il effluent accident were to occur. So the reconstruction of the pre-
sently used sea water. intake system to be able to avoid invasion of sur-
face oil into the Umm Al Nar Station, would be an effect1ve - measure o

prevent oil pollutxon

Using the sea water 1ntake head as shown in Flg 5. 4. 10 -not only the
inflow of surface sea water, but also that of contaminated sedinents at
the sea bottom would be avoided: ‘Abrasion of plant materials caused by
sand inflow will also be reduced by the reconstruction. ' :

Dui U-Deck Diapeter

- Dy .
he ;Inumeﬁaﬁlhnmt
U-Dock | 7.
o stght ahove Sea Bot kom
= N A{
_g - ﬁﬂ _ L
WFL‘MK k B
1 - tn G
s " ! : _U'o :Intake Sm
- N-.-----_‘.'.-u 4 .
T CE B AT L ' ~-3 oSuspaxkﬁ Layer.'Ji
e —1. e -
g & -TQ'Pumping Station
S - - :'5 —dn AR

¥

Fig. 5.4.10: Sketch of Selection Intake Intfbduced_from Middle Layer

The above mentloned measures to prevent oil contamlnatlon for the pre-
sently used intakes 1nclud1ng intake head shown in Fig.: ‘5. 4. 10 are only
effective for invasion of surface oil, but are not entlrely effectlve for
emulsion oil suspended in the sea water. One method to: prevent ‘emulsion
oil is an aeration system. Generally, to increase preventlve effjc1ency
for emulsion 0il, the aeration system becomes very. large and uneconomlcal
especially if it were applied to the existing intake system, =
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But on the'contréry, when the aeration system is applied nearby the above
mentioned improved intake head, a fairly good preventive effect can be
expected ' S

fhe conceptuﬁl desxgn of thls improvement plan, including acration systen
are described hereinafter.

(1) Study on Shape of Intake Head

1} Conditions

(a).ﬂatér Depth

The sea water intake head will be located at the middle point between the
eitbankment of Umm Al Nar Station and offshore sea route. According to the
results of the field investigation, the depth in this area is assumed to
be about ACD -6.00-'m, and then the water depth by L.LY.L is h = 6.3 m
(b) Thickness of 0il Film

Generally, fthe'oil'film thickness floating on the sea is. about several
micrometers to several centimeters. As the aeration systenm will be con-
structed around the intake heads to prevent inflowing oil in the sea.

The. - intake head is desxgned 80 as to-avoid inflow of the seca water from
the thickness of horizontal surface flow which is caused by aeration. And
the - above mentioned thickness which is called the “friction depth”, is

assumed to be same with oil fllm thickness,

Accordxng to Nakamuxa s report 95) friction depth also depends on air
quantity. The following formula 96) is applied, when the air gquantity is

not $o0 great.
g S
///’fﬂﬂr:
r:::_:iw___._,] ‘g{‘%
<
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i

hd = 0.3.h
where,

hq: fr1ct1on depth
h: water depth

Fr1ct10n depth 13 assumed to be same with oil film thickness.

ha = 0. 3 x 5 3 1 B9 = 2.0 m
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2) Study on Critical Intake He1qht

Accord;ng

to be

formula:

contaminated

%‘1—20 279 Fih7

O

¥here,

Ahe

to the 1&001t by WRPC (1985) 98),
by sutface oil film, are given by

Critical intake height

ho: Height of inlet

Fi: Internal Froude number :
Fi = Uo./ {g (pz-p1)/pz-ho}

o1 Water density of surface layer

~z

Uo: Intake velocity

g. Gravitational acceleration

3) Shape of Intake Head

to the above mentioned formula,
so contamination by surface 011 fxlm would not occur,

intake conditions so as
the

each dimension of

Table 5.4.1: Shape of Intake Head

the
-are shown in

nbt,
following

(0il layer), about 1.0 g/en?
Water density of bottom layer, about 1.0297 g/cm’

intake

According
heads,
Table 5.4.1,
Seca Water Intake
ltems

No. of

Intake
Height

Height
U-deck

Intake

i
|
|
|
|
L Critic

No. 1

Intake Heads

QQuantity per Head
above Seabed

of Inlet
Diameter

Veiécity
al Intake Height

Total Sea Water Intake Quantity

Za

ho
Du

61.0 m¥*/s
2 sets

30.5 m3/s
i.h m

N.
oo

mw
m

.36 /s
.20 W

1

No. 2

50. 0 ‘m*/s

2 sets
25.0'm3/s
1.om

2.0 m
2.0 m

0. 37 m/s

0.20 m

15.3 m®/s
1 set

15,3 m®/s
Lom
2.0m .
3.0 m .
_0.34;@5/5

0,17 m

ek



(2) Diameter of Sea Water Intake Pipe

Sea water is introduced from the new installed intake head to the exist-
“ing - intake -through a pipe. The most suitable pipe diameter 1is decided
upon in order to minimize anmual costs, including construction cost and -
running costs, pump electric power costs etc. The procedure to decide the
most suitable. pipe diameter is carried out by calculation for several
kinds of p1pe diameters. The calculation results are described in' Table
5.4.2. ' '

Table 5.4.2: Most Suitable Pipe Diameter

Sea Water Intake | No. 1 No. 2 Bo. 3 N
Ifems._ - . .

No of plpe 12 sets 2 sets 1 set

Most Su1tab1e Dlametei 34,800_mm 34, 400 mm _ 33, 400 mm

| Loss mead 38 cm 41 em 41 cm

(3) Study of Aeration System
1) Location of Aeration System

If the aeration system is installed too close to the intake head, bubbl-
ing air  is introduced into the intake facilities. Also, if the intake
area- ‘is under the influence of rising oil with unstable conditions, the
above ment1oned assumptxen of cr1t1ca1 intake height does not come into
belng

Therefore, it is necessary that the aeration system is installed a little
away from-the intake head. But theoretical calculation formula to decide
the distance between the aeratlen system and the intake head has not been
establlshed yet

Then, thc above'mentiohed distance, in which the surface stream generated
by the aeration system would be sufficiently low, is adopted. According
to Nakamura' s report 95), the distance, with which the velocity of the
rising " air bubbles and accompanying surface stream decrease up to from
1/50 to 1/100 of their initial velocity, is said to be about 3.5 to 5.5
times that of the water depth.

Therefore, ‘the aeration system is installed 4.5 times the water depth
away from the intake head (at radius). Water depth at the site is 7.2 m
from M. W. L. (ACD + 1.29 m), so the aeration system is installed 33 m
(about 7.3 x 4.5) on the radius away from the intake head.
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2} Air Quantity

The purpose of the aeration system installation is not to eliminate  o0il
by adsorption into the air bubbles, but - to repress invasion of oil - into.
the intake head by the rising action of the stream of water generated by
the aeration system : o : : C i

Therefore, an air quantity enabling the effective amount of- upgliff-lin
the stream is necessary. According to Ueda’s report regarding the preven-
tion of effluent oil dispersion, it is reported that an air quantity of
0.01 m*/s*mwith stream velocity of about 0.3 m/s in the area. is effec:
tive for prevention of effluent oil dispersion. Therefore, in this system
the total air quantity for the intake each head is;

2.07 mi/s (@ = 0,01 x 2 x p x 33 = 2.07),
‘assuming a unit air quantity of-0.0l ne/ s,
5 sets of the above mentioned aeration sysféms'afe neCeésafy fdr'No,l. to

No.3 sea water intake systems. General arrangemeni is shown ip Fig.
5.4.11. s
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5.5 Rough Bstimation of Construction Cost
Rough construction costs of oil pollution preventive systems described in
5.4 at the present moment are as follows. This costs are based on unit

cost in Japan.

Table 5.5.1: Rough ConstructionLCost

Tten ' - : Qﬁéntity;'Costﬁ¥101000

1. Preventive measures against oil
pollution in the Arabian Gulf o .l S
(1) oil fence extension ship 11 set | 50,000-

(2) oil recovery ship L 1 set 10,000~
Total :

2. Preventive measures against oil
pollution at the entrance part of the
of South Basin of UAN ' .
(1) oil fence - 0.9 % 1,400m 1,400m - 1,260~

(2) o0il fence winder 600 * 3sets 3 sets 1,800~
(3) oil fence extension ship . 1'set | = 1,000-
(4) embankment construction work 1 set | 13,000-
(5) transportation and others 1 set L 940-

Total 18,000~
3. Preventive measures against oil : : S
pollution by rectification of the
existing intake system :

set | 128,200-

(1) manufacturing of intake pipe and head | 1

(2) construction and civil work 11 oset | 272;100-

(3) aeration system 1 set - 89,000~

(4) transportation and navigation 1 set - | 69,600~

(5) others : 11 set - 151,130f
Total _ | 680,000-

- ._3 : : : : A_J
Notes : Ex-shipyard ' ' '
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5.6 'Conetruotion-;’l‘ime Schedule

_Construptlon time schedules of three methods mentioned in 5.5 are as

‘ follows

1) Pre’é_e:ntive '_aiéésurés of 0il pollution in the Arbian Gulf

: 1st Year Ind Year
Ttem - B g 1 3 ]

) PIannmg and de31gn S

2) Hanufacturmg of 011
fence extension ship
3) Manufacturing of oil _
recovery ship _ _

%) Preventive measures of oil pollution at the entrance part
of South Basin of Umm Al Nar

R ‘1st Year 2nd Year
Item 5 g 6 9
i} I’lannmg and design .

el B r ] [

VA Hanufacturmg and
transportation
3) Construction at site | _ 1

4) Test _ _ | 2l {

3) Preventive measures of oil pollution by rectification
of the existing intake system

T Ist Year nd Year
Item - 6 9 3 B8 8§
1) Plazmmg and deSJgn

2) Hanufacturmg and _
transportation

'5) Construction at site
“and ¢ivil work o

1 4) Test S : Bk e

| 1




5.7 Emergency Plant Shutdown and Ways to Ensure Water Supply_--

5.7.1 Rise of 0il Conternt Concentration dullng Sea Water Intake and. -
Emergency Plant Shutdown ' : : L e

As product water from desalination plants is indispensable to human life
in this area, especially in the Abu Dhabi Island : ‘and  its  surrounding
areas where the only source of drinking water is this product water, - it
is necessary that the plants be kept running even though the sea watel-
may he contaminated w1th oil. . :

Howevei a system capable of ensuring complete pre»entlon of 011 Lontaml-
nation is not available at present. The plants might have. to stop ope:a-
tion due to high oil concentrations not -only when 011 leaks .. occur. ‘near
the plant but also when large quantities of oil are found far- from the
plant, and when conditions are worsened when strong winds form’ hlgh waves
causing the oil to mix with sea water in the middle or - lower layers.

Here, the conditions g1v1ng rise to emergency shutdown, the actlons to be
taken during such emergency shutdown, etc, will be 1nvest1gated Measures
for the storage of product water shall also be studled

5.7.2 Conditions of Emergency Shutdown
Investigation reveals the followings:

% Actual cases in which existing deéalinatidn“plants'ﬁere afféctédrby'oii
pollution and caused to be shutdown were not- found in any reports

# There are almost no examples of oil contam1nat1on affectlng plant ope-
ration and the product water, except in the case of desallnat1on plants
which use sea water.

* Therefore, it seems difficult to settle standards'of'emergehby shﬂtdOWﬁ
based on data obtained from past operation records.

As described in Chapter 4, oil concentrat10n level mlght be less than
1,000 mg/l because oil in solid form can be e11m1nated at the entrance -of
the sea water intake. Therefore 0il contamination of feed sea . water
does - not affect greatly to the short-term operation of desalination
plant. ' : SRR i

However, continued use of such raw sea water w111 in’ the 1ong ruin, ‘cause
accumulation of oil inside plant machinery, giving rise to a- need  for
cleaning work would be much longer than the period requ1red dur:ng “an
emergency shutdown caused by a sudden oil inflow. 0il separators de51gﬂed
for marine use, are generally able to cope’ thh a maximum oil concentra-
tion of 1,000 mg/!. This means, the treatment of raw sea water when oil
concentrations exceed 1, 000 mg/l may be detrimentally affected. :

Therefore, based on levels of oil concentration, one method for piant
protection may be to set a standard for emergency shutdown when the oil .
concentration in the intake sea water exceeds 1, 000 mg/l.



Inuany,case,;xt is st111 necessary to conduct tetal and integrated inves-
tigations,-_concarnlng the treatment methods of oil contaminated product
water, the possibility of water quantity improvement and procurement of
emergency supplies of water, the affects of a reduction or stoppage in
water supply, etc.

'6 7 3 Attentlon and Measuies Neceqsary for Emergency Shutdown

When__oil spllls'dccur-ln the sea surrounding the desalination plant,
careful attention to the spread and the direction of oil flow is requir-
ed. . In the event that the o0il spill has the potential to damage the plant
1ntake fac111ty, the f0110w1ng actions should be taken:

(1) The desallnatlon plant at Umm al Nar. has 3 intake fac111t1es in its

east and west sides. It is c0n31dered that these 3 facilities do not

-;necessarily have the same oil contamination potential since they are
31tuated in dlfferent sea Water areas. : o

-Thelefore. 1t may be necessary to adJust the quantity - of raw sea
water taken from each of the 1ntakes by changing the number of opera-
- ting “units and/or the operation load taking into account the condi-
tion . of each facility. Further, to avoid the concentration of loads
on certain intakes, if there are other intake facilities not in ope-
rat1on it w111 be necessary to prepare them for start-up oper&tlon

(2) The product wate: storage tank at the plant should be filled by re-
ducing the water supply. The boiler. water supply tank should also be
.fllled after conflrmlng that no oil is present.

(3) Ifw_all‘qunltS}are Contamlnated_by 0oil, and it takes a long time to
- repair them, new problems may be expected to arise. Therefore, in
preparation . for = the re-start of operation after completion of oil
elimination work, the necessary number of units to secure water for
living should be.shutdown at an earlier time before the oil contami-
nation becomes serious..

(4). . ¥hen . 011 MiXes. 1nto sea water, the more volatile components are va-
porLQed in the deaerator or high temperature evaporation chamber. It
is quite possible that some or all of these components are contained
in the venting steam in which they are cooled down and condensed by a
Tower temperature ‘cooling water in the vent condenser and ejector
condenser '

_Therefore, it is nécessafy to take whatever action to prevent the
drain water from the vent condenser and ejector condenser being dra-
ined outside and recovered as product water.

(5} To set the minimum operation load of the desalination plant at 50 to

- ‘60%, where plant shutdown due to oil contamination becomes likely,
the operation load could be reduced in advance. This would help to
reduce the shutdown period.

_.p.l‘ﬁﬁ__.



In addition, during low load operations the amount of sea water —in-
take 1is similarly reduced. Consequently, the amount of  oil mlxture
entering the intake facilities will aiso be reduced o

{(6) It will be necessary to organize and prepare detelgents jet washing
devices, etc. necessary for the e11m1nat1on of 011 durlng plant shut-

down.
5. 7.4 Plant Shutdown and Measures durlng Plant Shutdown

As for measures to be . taken dur1ng plant qhutdown and maintenance, there

is no special difference between ordinary shutdowns and emergency shut-
downs. Measures to be taken during ordinary shutdown - and maintenance

periods may be applied in the case of emergency shutdowns. However, since
start-up after a period {eg. 1 week to 1 month) of shutdown is expected

to be difficult, it is recommended that plant equ1pment be washed well

with pure water to prevent corrosion.

Some of the water stored in the product water stcrage tank may be used
for thls washing.

As a summary, the major points concerning the moth ball procedures are as
follows: o S S L . S

(a) Intake head, intake pipe and storage facilities-sterilizer to be
injected as required. SR o

(b) Intake pump
(b.1) In the event that the shutdown period is expected to be long and
the equipment 1is not resistant to corrosion, the pump should be

removed from the Intake pit and then washed with fresh water . and
dried. .

(b. 2) Routine manual rotation is required after greaéing.

(h. 3) Any openings around the rotating parts should be sealed by greas-
ing. :

{b. 4) Machine parts, such as the shaft holder should be well greased to
protect against rust.

{¢) Piping
Drain out and then wash with fresh water and'dry.
{d) Deaerator

Drain out and then wash with fresh water andi&ry. :



(e) Evaporator-
(e. 1) Dfain out.

(e 2) Rxnse with fresh watet using bllne teCIxCulatlon _pump.
(e. 3) Dry . .

(e.4) Keep dry. |
(f);Bfiné heatéf-
| In';ﬁbé‘SEﬁé, dféin out, ﬁash with frésh waier and then dry.
In shell side, drain out and dry.
(g) Vent condensef and ejéctor condenser

The ‘same procedure as that recommended for br1ne heater should be
carrled out.

(ﬁ) Post_treatmenf:s§sté@
;Df;&ﬁioﬁf.aﬁd'ﬂry.ﬁ

(1) Others o

a) Pumps (other than 1ntake pump)

a- 1) Pumps 1nstalled in the sea water line, brine line and chemical
injection - lines.

_Drain out, wash with fresh water and dry. b. 2, 3 and 4 above are
also carried out.

a;zjzPéaﬁgziﬁ pf6éch 1ine'
_aﬁraiﬁ out-and dry.
b Rotating ?gfts
Rdﬂtinéiﬁaﬁua}_rotatipﬁ is required éftef greasing.
iﬁ;ffgﬁéﬁihgs-érdﬁﬁd tﬁe'rotating pérts must be sealed by greasing.
C)-Inlet and outlet of equxpment (opening ot equipment)
 01ose Wlth cloth/V1ny1 sheet
d)y Instrument

d-1) Sensors should be removed and stored after cleaning.
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d-2) Air piping
Orain out and dry.
d-3) Lbcal instrumernt equipﬁent
Sealed with vinyl sheet 
e) Central control room

HVAC system should continue to be operated with an emergency power .
supply. ' ' . . : A

5.7.5 Measures to Ensure a'ﬁomestic'Water'Wupply’dufihg Prant.ShudeWn

Considering the serious consequences of a shutdown of the sea water desa-
lination plant which is the sole water supply source in this area, it. is
very important to-take measures in -advance to ensure ‘the ava;labxllty of
the minimum required quantity of water for domestic use. To this' end,

measures such as (1) storage of product water, (2) saving on water c0n;
sumption in an emergency, {3) coordination with’ desalznat1on plants’ in
other areas, (4) conversion of ground water, and (5) emelgency transport
of water from other areas, could be considered. R

(1) Storage of Product Water

The capacity of the existing storage tanks for product ‘water: dt the " sea
water desalination plants in Umm Al Nar is about 180,000 m* which ‘is
equivalent to approximately 70% of the average daily water supply . (or

nearly 17 h worth of water supply) to the Abu Dhabi City area. .o '

In case of an emergency, in order'to avoxd the . complete suspension  of
water supplies, even if this entails drastically reducing the quantity of
water supplied, an increase in the water storage capacity is. highly de-
sirable. As possible measures to increase the water storage capacity, the
construction of large scale reservoirs, underground dams, as well as the
additional installation of storage tanks in Umm Al Nar, and storage. in
water tanks could be considered. ' '

Also a study is necessary to plan for an increase in . the capacity of
existing water tanks installed to control the water pressure in the "dis-
tricts supplied, which at present have a capacity of ‘several hundred
cubic meters, and for their use as water supply qtat1on% in case of “ an
emergency.

Furthermore, the installation of emergency water tankq and the qtock p11—

ing of canned or hottled mineral water in private houses and bu1ld1ng9
should always be encouraged.



(2) Saving on Water Consumption in Emergency

At present about 300, 000 m' of fresh water is produced daily in the Abu
Dhabi - City:area (Umm Al Nar), of which 50, 000 m* is supplied to A} Ain,
and the remaining 250, 000 m is supplied to Abu Dhabi. Furthermore, about
50, OOO ny of water frem waste effluent is re- used for irrigation.

It. 15 assumed that approximately 50% of the total service water in the
city is used for irrigation and sprinkling etc., which in the case of an
emergency should be restricted to the minimum, and top priority should be
given to its use as water for domestic use only.

In - order to restrict non- urgent demands like irrigation and sprinkling
ete.,.” the supply lines for water for domestic use should be separated
from those for -non- urgent use if p0331b1e and valves should be attached
to the ‘latter lines so they can be operated to restrict non- urgcnt water
supply in case of an emergency

When the plants shut down, nater will be supplied from the storage source
and/or emergency SOurce,. but sav1ng cn water consumption is indispensable
because the quantity of water able to be supplied is limited. Measures
- should - be taken 'to save: on water consumption not only through notifica-
tion to each household, but also through the restriction of water. %upply,
which may be necessaxy dependlng on’ the .circumstances.

Theres'are”sevelal methods to enforce these restrictions such as by con-
trolling - the water pressure, vestricting the supply to certain hours
ete., ‘bui unfall water supply can be avoided by adjusting pumps, valves
and  pressure: 1egu1ators ‘which should always be kept in good condition,
and by operatlng the restrictions carefully and 1mpa:t1ally

In order to econcmlze nore drasticaliy in water. conqumptlon in case of an
emergency the water supply through the current pipe lines should be stop-
ped as early as possible and a new supply system should be established
{rom water suppiy Stﬁthﬂ* and/or by the use of water wagons.

Assumlng the water demand per. caplta per day is 10 liters, then the total
water. demapd.for_the;entire_c1ty area amounts to 4,000 m®. (Though the
wminimum water demand per capita is‘said to be about 3 liters, an ample
surplus has'been provided for in the above figure.)

This - flgure means that if 20 water wagons with a capacity of 20 m®  each
weie ‘available,  then the required quantity of water could be supplied by
dispatching them 10 times per day. Water supply station equipment and any
othHer accompanying equipment- wxll have to be prov1ded by way of providing
water: loadlng facilities etc.. :

- BEG -~



(3) Coordination with Desalination Plants in Other Areas

Although simultaneous occurrences of oil pollutlon in wide ocean areas
are very rare it would be desirable to install sea water .desalination
plants in several different places so that if sea water  in a - c¢ertain
place is polluted then the plants in other locations could. cover any
water shortage when the plpellneq be tween . plants have been completed

It would also be preferable that not: oniy the plantq in Abu Em1rate such
as  Umm Al Nar and Taweela be interconnected but also that they be con-
nected up with other plants in UAE such as Dubai, Sharjah, etc. by pipe>

lines.

In case of water being supplied’ by other emlrateq, it would be ‘necessary
to put together an agreement on.the conditions of  mutual accommodation
regarding the quantity, price and cost sharing of water supply fa0111t1es

and so forth.
(4} Convelq1on of Ground Water

Should the intake of sea water become impossib]e, one . .countermeasure
would be to desalinate at the Umm Al Nar -water obtained. from either: sub-
terranean sources under Al Ain, nearby saltwater lakes, or . wells. whic¢h
should be opened up in the future. According to all surveys: undertaken up
duntil now, there are no possibilities for fresh water wells in the area,
so further surveys of, and excavation of wells which can supply brackish
water are deemed necessary in order fo provide watel for desal1nat1on at
the plants in the case of an emergency. : : : ' -

Since there is the possibility'that such brackish:water contains:: some
substances which cannot be treated in the Umm Al Nar sea water desalina-
tion plants, it would be desirable to examine the quality of ‘the bracklsh
water and establish the appropriate countermeasures .in advance ' :

It should also be fea31ble to dig. beach wells to obtaln 011 free sea
water and use it as a water source for a short period. Although the in-
stallation of beach wells is subject to severe regulation;éﬁdﬁtheaaquan~
tity of intake sea water would be limited, it could be useful as one of
the countermeasures if the beach wells are dug beforehand and-the supply
fines to the plants are made ready. : . :

(5) Emergency Transport of Water from Other Areas

Transport of product water from other desalination plants: or underground
water from other areas by means of water tankers is-a. highly  feasible
countermeasure. If one considers factors such as the required amount - of
water to be supplied, transport times, and expenses, then the required
capacity of the water tankers would be between 10 and 40 thousand o' per
tanker,



If two tankers could make shuttle deliveries, then they could suffice in
an: emergency situation., However, ship anchorage facilities, water unload-
ing’ facilities, and water storage facilities would be needed at bhoth
sites where water loading and unloading occurs.

The conversion . of an oil tanker into a water tanker " is a conceivable
means of transporting water, but the water would get mixed with oil un-
iess freshwater ballast tanker werée used, and such oily water could only
‘be used for purposes other than drinking. ‘Moreover this would necessitate
the installation of oil cleanlng equlpment and waste oil disposal facili-
ties on the ship.

All  of the countries along the coast of Arabian Gulf contend with the
passibility of _emergency shutdowns of their sea water desalination
plants. . :

Thereforé, it would definitely be worthwhile studying the 'situation to
assess the possibility of these countries jointly possessing water tan-
kers and concluding an international agreement for the management and
operation -of 'the ‘tankers ‘which would be implemented to mutually acconmo -
date them in case of an emergency.

This'would be ‘of beﬁéfit to all of the countries as it would improve the
security of their water supply and be an effect1ve way of economizing on
the cost necessary to do this. :

The aboye_s_meaSurqs for living water during plant shut-down, the study
and planning of concrete enforcement plan in the existing facilities are
requ1red wathout delay e%p601ally for: the saving water measure in (2).

Also,'xt 13 necessary t0 study the. way ta get into communxcwtxon with the
water ‘consumers exactly about decrease of water supply, suspension of
water supply, etc ‘to prevent accurrence of confusiOn

As:*fof the connectlon w1th sea water desallnatlon plants in other are
shown in (3), the desalznat1on piant which has capacity of 100, 000 mi/d
is to be completed in 1989 in Taweelha 70 km away from the Abu Dhabi
Island and synthetic operation with Umm Al Nar Plant may become possible.

As for . other measures, considerable investment in plant and equipnent
such  as -installation of more water storage tanks, securing of water
Rupply tankers, installation of brackish water wells and beach wells,
becomes -necessary. Therefore, comprehensive investigation should be
Derformed pr10r to the enforcement of the plan.
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