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1. Describe the method of testing EACH of the following:

(a) a bilge high level alarm switch;
(b) a diesel engine cooling water high temperature alarm probe;

(c) an oil mist detector.
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2. (a) State THREE reasons for keeping a log.

(b) State the person responsible for compiling the log.

(c) State when the log should be compiled and signed.
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(d) Describe the action to be taken should a mistake be made during writing up the log.
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3. With reference to maintenance systems:

(a) state the purpose of scheduled maintenance;

(b) explain why unscheduled maintenance may be required even if a scheduled

maintenance system is in operation,;

(c) state why breakdowns should be kept to a minimum.
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4.  With reference to Oily Water Separators and the pumping of bilges, explain the purpose of

EACH of the following:

(a) a bilge holding tank;

(b) an oil drain tank;

(c) an oil content discharge monitor;
(d) avacuum breaker;

(e) an oil detection probe.
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5. Explain, with the aid of a sketch, how an Aerobic Sewage Treatment plant operates.
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6.  With reference to refrigeration systems:
(a) state the THREE basic principles of refrigeration;
(b) sketch a direct expansion free standing mechanical refrigeration system, labelling the

MAIN components and indicating where EACH of the three principles stated in part
(a) occurs.
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7. With reference to reverse osmosis plants:

(a) describe the sea water pre-treatment process before the water enters the membrane
modules;

(b)  describe how the purity of the permeate is measured;

(c) state the limits of impurity in the permeate when produced to World Health
Organisation Standards.
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8. (a) State TWO types of Tank Anti-Roll Stabiliser systems.

(b)  State the advantages and disadvantages of a stabilising tank system compared to fin
stabilisation.
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9.  Sketch a line diagram of an automatic sprinkler system, labelling the MAIN components.
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10. Describe the functions of a watertight bulkhead.
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30 October 2020

Describe the method of testing EACH of the following:

(a) a bilge high level alarm switch; (3)
(b) a diesel engine cooling water high temperature alarm probe; (3)
(c) an oil mist detector. 4)

Testing Procedures for Marine Safety Equipment:

Here's a breakdown of how to test each piece of equipment safely:

(a) Bilge High Level Alarm Switch:

1. Manual Test (Preferred): Most bilge high level switches have a built-in mechanism for manual testing. This
is usually a lever or float that simulates a high water level. Locate the switch and follow these steps:

Power Off & Bilge Pump Disabled: Ensure the bilge pump is disabled (for safety) and turn off the
power to the bilge pump circuit.
Activate the Lever: Locate the lever or float on the switch and manually activate it. This simulates a

high water level.
Alarm Activation: The alarm should sound or the bilge pump should attempt to activate (depending on

the system).

2. Water Simulation (Use Caution): This method should only be used if it's safe and there's no risk of
overflowing the bilge or electrical components getting wet.

Power Off & Bilge Pump Disabled: As with the manual test, ensure the power is off and the bilge
pump is disabled.

Introduce Clean Water Slowly: Slowly introduce a small amount of clean water into the bilge well until
the switch reaches its activation point.

Alarm or Pump Activation: The alarm should sound or the bilge pump should start operating
(depending on the system).

Important: Always refer to the manufacturer's instructions for the specific testing procedure for your bilge
switch model.

(b) Diesel Engine Cooling Water High Temperature Alarm Probe:

1. Mimic High Temperature (Electrical Simulation): Most probes have a specific resistance value that
triggers the alarm when coolant temperature exceeds a limit. Here's how to simulate it:

Consult Manual: Find the manufacturer's manual for the specific probe model to identify the resistance
value associated with high temperature.

Resistor with Matching Value: Obtain a resistor with the same resistance value as the
high-temperature trigger point.

Simulate High Temperature: Connect the resistor across the probe's terminals (refer to the manual for
proper connection points). This mimics the electrical signal of high temperature.

Alarm Activation: The alarm system should activate if the connection is done correctly.
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2. Scan Tool (if available): Modern engines might have a diagnostic port that allows connecting a scan tool.
This tool can read sensor data, including coolant temperature, and might have a test function to simulate high
temperature and trigger the alarm.

Caution: Never tamper with the probe itself or the engine coolant system while the engine is running. Always
follow the manufacturer's instructions for safe testing procedures.

(c) Oil Mist Detector:

1. Test Can (Manufacturer-supplied): Some manufacturers provide a test can containing a safe oil mist
simulant. Here's how to use it:

e Consult Manual: Refer to the manufacturer's instructions for the specific oil mist detector model for
proper testing procedures.

o Safe Oil Mist Simulant: Locate the test can provided by the manufacturer, which should contain a safe
oil mist simulant.

e Short Spray Near Detector: Briefly spray a small amount of the simulant near the detector's intake
according to the manufacturer's instructions.

e Alarm Activation: The detector should activate and sound an alarm if the test is performed correctly.

2. Functional Test (Controlled Environment): In a controlled environment (not near the engine) where
there's no risk of fire or contamination:

e Safe, Approved Oil Mist: Obtain a small amount of a safe, approved oil mist simulant specifically
designed for testing oil mist detectors.

e Introduce Controlled Mist: Briefly introduce a small amount of the approved oil mist near the
detector's intake.

e Alarm Activation: The detector should activate and sound an alarm if the test is done correctly.

Important: Never use actual engine oil or any flammable liquids for testing. Always consult the manufacturer's
instructions for the specific testing procedure for your oil mist detector model.
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2. (a) State THREE reasons for keeping a log. (6)
(b)  State the person responsible for compiling the log. (1)
(c) State when the log should be compiled and signed. (1)
(d) Describe the action to be taken should a mistake be made during writing up the log. (2)

Importance and Procedures of Log Keeping:

(a) Three Reasons for Keeping a Log:
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e Record Keeping: Logs provide a chronological record of events, activities, observations, and
decisions made onboard a vessel. This documented history is crucial for:

o Future Reference: It allows for reviewing past events, troubleshooting issues, and identifying
trends or patterns.
o Regulatory Compliance: Many maritime regulations require specific information to be
recorded in logs, such as safety drills, cargo operations, and navigational activities.
o Accident Investigation: In case of an incident or accident, the logbook serves as a vital source
of information to aid in investigation and reconstruction of events.
e Communication: Logs facilitate communication and information sharing between crew members on
different shifts or departments. Important information about equipment status, maintenance tasks, or
navigational observations can be documented and easily accessed by relevant personnel.

e Accountability: Log entries create a record of actions taken and decisions made. This promotes
accountability and ensures crew members are responsible for their duties and observations.

(b) Person Responsible for Compiling the Log:
The person responsible for compiling the log depends on the specific type of log and the onboard hierarchy:

e Deck Log: Typically compiled by the officer on watch (OOW) or a designated deck officer responsible
for bridge operations and navigation.

e Engine Room Log: Compiled by the engineer on watch (EOOW) or a designated engineer responsible
for monitoring engine room operations and equipment status.

e Cargo Log: Compiled by the cargo officer or personnel directly involved in cargo handling and
loading/unloading operations.

e General Log: This log might be maintained by the captain or a designated officer for recording general
events, announcements, or crew activities not covered in specific departmental logs.

(c) When to Compile and Sign Log Entries:

Log entries should be compiled and signed as soon as possible after the event, observation, or action being
recorded. |deally:

e Deck Log: Entries should be made at the end of each watch period or as events unfold during the
watch.

e Engine Room Log: Similar to the deck log, entries are ideally made at the end of each watch or as
significant events occur.

e Cargo Log: Entries are typically made during cargo operations, recording details like cargo type,
weight, hatch activity, and any relevant observations.

e General Log: Entries are made upon the occurrence of the event or activity being documented.

All log entries should be signed by the person who compiled them, with the date and time noted.
(d) Action for Mistakes in Log Entries:

Mistakes in log entries should be corrected promptly to maintain the integrity of the record. Here's the proper
way to handle them:
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e Do Not Erase or Use White-Out: Never erase or use correction fluid (white-out) on log entries. This

can be seen as an attempt to tamper with the record.

e Draw a Single Line Through the Mistake: Draw a single horizontal line through the incorrect
information. This clearly indicates an error has been made.

e Write the Correct Information Above: Write the correct information neatly above the line drawn
through the mistake.

e Initial and Date the Correction: Initial and date the correction next to the line to indicate who made
the change and when.

This method allows for a clear record of the original entry, the correction made, and who is responsible for the
change.

30 October 2020

3. With reference to maintenance systems:
(a) state the purpose of scheduled maintenance; (4)
(b) explain why unscheduled maintenance may be required even if a scheduled
maintenance system is in operation; (4)
(c) state why breakdowns should be kept to a minimum. (2)

Importance of Scheduled Maintenance and Minimizing
Breakdowns:

(a) Purpose of Scheduled Maintenance:

Scheduled maintenance is a proactive approach to equipment upkeep that involves performing specific
maintenance tasks at predetermined intervals. The purpose of scheduled maintenance is to:

e Prevent Equipment Failures: By addressing potential problems before they escalate, scheduled
maintenance helps avoid breakdowns that could disrupt operations and cause costly downtime.

e Maximize Equipment Lifespan: Regular maintenance reduces wear and tear on machinery,
extending its operational lifespan and reducing the need for premature replacements.

e Optimize Performance: Scheduled maintenance ensures equipment operates efficiently and within
optimal parameters. This translates to better fuel consumption, reduced emissions, and improved
overall performance.

e Enhance Safety: Proactive maintenance identifies and addresses potential safety hazards before they
can cause accidents or injuries.

(b) Reasons for Unscheduled Maintenance:

Even with a scheduled maintenance system in place, unscheduled maintenance might still be required for
several reasons:

e Unforeseen Issues: Equipment can fail due to unexpected events like sudden component failures,
accidental damage, or external factors beyond the scope of scheduled maintenance plans.
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Human Error: Mistakes during operation or maintenance can lead to equipment problems requiring
immediate attention.

Rapid Wear and Tear: In some cases, equipment components might wear out more quickly than
anticipated due to heavy usage, extreme operating conditions, or unforeseen circumstances.
Deterioration During Operation: Certain systems and components may degrade over time even with
scheduled maintenance, necessitating unscheduled interventions to address performance issues.

(c) Why Minimize Breakdowns:

Breakdowns in machinery should be kept to a minimum for several key reasons:

Costly Downtime: Equipment failures disrupt operations, leading to lost productivity and financial
losses. This might include delays in voyages, cargo spoilage, or missed deadlines.

Safety Risks: Breakdowns can create safety hazards for personnel working in the vicinity of
malfunctioning equipment.

Environmental Impact: Equipment failures can lead to pollution incidents, such as oil spills or
uncontrolled emissions if leaks or malfunctions occur.

Increased Repair Costs: Major breakdowns often require extensive repairs or replacements
compared to addressing minor issues through scheduled maintenance. This can significantly increase
maintenance costs.

Reduced Operational Efficiency: Equipment operating with undetected problems might be less
efficient, leading to increased fuel consumption and higher operating costs over time.

Therefore, minimizing breakdowns through a combination of well-defined scheduled maintenance and proper
operating practices is crucial for safe, efficient, and cost-effective vessel operation.

t 2020
30 October 2020
4.  With reference to Oily Water Separators and the pumping of bilges, explain the purpose of

EACH of the following:

(a) a bilge holding tank; (2)
(b) an oil drain tank; (2)
(c) an oil content discharge monitor; (2)
(d) avacuum breaker; (2)
(e) an oil detection probe. (2)

Oily Water Separators and Bilge Systems: Component Purposes

(a) Bilge Holding Tank:

The bilge holding tank acts as a temporary storage reservoir for bilge water collected from various
compartments within the vessel. Bilge water is a mixture of water that accumulates in the lowest bilge areas
and may contain oil, grease, and other contaminants.

Purpose:
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o Prevents the direct discharge of untreated bilge water overboard, minimizing oil pollution at sea.
o Provides a buffer between bilge pumping operations and the Oily Water Separator (OWS). Bilge
water can be pumped into the holding tank and then transferred to the OWS in a controlled
manner for efficient oil-water separation.

(b) Oil Drain Tank:

The oil drain tank is a dedicated tank used to collect used oil drained from various machinery and equipment
onboard the ship. This includes lubricating oil from engines, gearboxes, and hydraulic systems.

e Purpose:

o Provides a separate space to collect used oil for proper disposal or recycling ashore. This
prevents mixing used oil with bilge water in the holding tank, simplifying the separation and
handling process.

o Allows for controlled transfer of used oil for shore-based treatment or re-refining, promoting
environmentally responsible practices.

(c) Oil Content Discharge Monitor (OCM):

An oil content discharge monitor (OCM) is a crucial instrument installed on the overboard discharge line of an
OWS.

e Function:

o Continuously monitors the oil content in the treated bilge water before it is discharged
overboard. It ensures the oil concentration in the discharged water complies with MARPOL
regulations (typically less than 15 ppm).

o If the OCM detects an oil content exceeding the limit, it can automatically trigger an alarm and
prevent the overboard discharge of non-compliant bilge water.

(d) Vacuum Breaker:
A vacuum breaker is a safety device installed on the bilge piping system.

e Function:

o Prevents the creation of a vacuum within the bilge piping system. A vacuum could potentially
cause seawater to be siphoned back into the bilge tanks, contaminating the bilge water with
clean seawater.

o The vacuum breaker allows air to enter the piping system when a vacuum occurs, preventing
backflow and maintaining proper system operation.

(e) Oil Detection Probe:
An oil detection probe is a sensor used within the bilge system or the OWS itself.

e Purpose:
o Detects the presence and level of oil in the bilge water or treated water within the separator.
o This information can be used for various purposes, such as:
m Triggering alarms if excessive oil is detected in the bilge water.
m  Controlling the pumping rate to the OWS for optimal separation efficiency.
m  Monitoring the oil-water interface level within the OWS.
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5. Explain, with the aid of a sketch, how an Aerobic Sewage Treatment plant operates. (10)

Aerobic Sewage Treatment Plant Operation: A Breakdown

An aerobic sewage treatment plant utilizes a combination of physical and biological processes to efficiently
break down and treat wastewater. Here's a breakdown of the key steps involved:

1. Pretreatment (Physical Separation):

e Screening and Comminution: Large solids and debris are removed from the incoming sewage using
screens with varying bar spacing or grinders (comminutors) that shred the material.

e Primary Clarification: The screened/comminuted wastewater flows into a primary clarifier tank. Here,
heavier solids settle at the bottom due to gravity (forming primary sludge), while lighter organic matter
and water remain in the supernatant (partially treated wastewater). Settled sludge is removed for
further treatment or disposal, and the supernatant moves on to the next stage.

2. Biological Treatment (Aerobic Process):

e Aeration Tank: This is the heart of the aerobic treatment process.
o The pretreated wastewater enters the aeration tank, where:

m Airis continuously bubbled through diffusers located at the bottom of the tank. This
ensures a constant supply of dissolved oxygen throughout the water.

m Aerobic microorganisms, primarily bacteria, are present in abundance within the tank.
These bacteria feed on the organic matter in the wastewater, breaking it down into
simpler compounds like carbon dioxide and water. This process is similar to natural
biodegradation that occurs in well-oxygenated environments.

m The breakdown process promotes the growth of microorganisms, which form flocs
(clumps) that contain both the bacteria and organic matter. These flocs are crucial for
efficient separation in the next stage.

o Mixing: The air bubbles also play a role in efficiently mixing the wastewater. This ensures all
parts of the wastewater come into contact with the microorganisms for optimal treatment.

3. Secondary Clarification:

e Secondary Clarifier Tank: The treated wastewater from the aeration tank flows into a secondary
clarifier tank.
o Here, the formed flocs (containing microorganisms and organic matter) settle at the bottom as
secondary sludge. The remaining liquid is the treated effluent.
o Settled sludge may be returned to the aeration tank to maintain the population of
microorganisms or undergo further processing.

4. Disinfection (Optional):

e Disinfection Process: In some cases, the treated effluent may undergo an additional disinfection step
before discharge overboard. This is done to further reduce or eliminate any remaining harmful bacteria
and viruses.

o Common disinfection methods include:
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m Chlorination: Calcium hypochlorite (bleach powder) is added, releasing chlorine that

inactivates pathogens.
m Ultraviolet (UV) Radiation: UV light is used to kill or inactivate microorganisms.

5. Discharge:

o Treated Effluent: The disinfected wastewater (effluent) undergoes final quality checks before being
discharged overboard, meeting the required environmental standards set by regulations like MARPOL
Annex V.

Key Points:

e Aerobic microorganisms require oxygen for their breakdown process. The continuous supply of air
through diffusers is crucial for their activity.

e The formation of flocs in the aeration tank is important for efficient separation of treated wastewater
from the remaining organic matter.

e Disinfection is an additional step to ensure the treated effluent meets environmental regulations and
minimizes the risk of spreading pathogens.
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6.  With reference to refrigeration systems:
(a) state the THREE basic principles of refrigeration; (3)

(b) sketch a direct expansion free standing mechanical refrigeration system, labelling the
MAIN components and indicating where EACH of the three principles stated in part
(a) occurs. (7)

Refrigeration System Basics

(a) Three Basic Principles of Refrigeration:

1. Energy Transfer: Refrigeration doesn't create cold, it removes heat. The system works by transferring
heat from a colder space (like the inside of a refrigerator) to a hotter space (usually the surrounding
room).

2. Phase Change: The system utilizes a refrigerant, a substance that can easily change its state between
liquid and gas. During this phase change, the refrigerant absorbs and releases heat.

3. Work Input: To continuously move the heat, the system requires an external energy source, typically
electricity, to power a compressor.

(b) Direct Expansion System Breakdown:

A direct expansion (DX) system is a common type of mechanical refrigeration used in refrigerators and air
conditioners. Here's a breakdown of its main components and where the three principles come into play:

e Compressor: This is the heart of the system. It's a pump that increases the pressure of the refrigerant
vapor (gas). (Principle 3: Work Input)

e Condenser: The hot, high-pressure gas from the compressor enters the condenser. Here, the
refrigerant releases heat to the surrounding air (usually through coils with a fan) and condenses back
into a liquid. (Principle 1: Energy Transfer)
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e Expansion Valve (Capillary Tube in some systems): This valve reduces the pressure of the liquid

refrigerant. As the pressure drops, the refrigerant rapidly expands and cools down. (Principle 2: Phase
Change)

e Evaporator: The cold, low-pressure liquid enters the evaporator. Here, the refrigerant absorbs heat
from the space being cooled (like the inside of a refrigerator) as it evaporates (turns back into gas).
This absorbed heat is then carried back to the compressor to start the cycle again. (Principle 1:
Energy Transfer & Principle 2: Phase Change)

In summary:

The compressor uses electricity to pressurize the refrigerant. (Principle 3)
In the condenser, the hot, high-pressure gas releases heat to the surrounding air, turning back into
liquid. (Principle 1)
The expansion valve reduces pressure, causing the refrigerant to cool down as it expands. (Principle 2)
In the evaporator, the cold liquid refrigerant absorbs heat from the space being cooled as it evaporates.
(Principle 1 & 2)

e This cycle continuously repeats, transferring heat from the cold space to the hot space.

30 October 2020

7. With reference to reverse osmosis plants:

(a) describe the sea water pre-treatment process before the water enters the membrane
modules; (6)

(b)  describe how the purity of the permeate is measured; (3)

(c) state the limits of impurity in the permeate when produced to World Health
Organisation Standards. (1)

Seawater Pre-treatment for Reverse Osmosis

(a) Pre-Treatment Stages:

Seawater pre-treatment is essential for protecting the RO membrane and ensuring efficient operation in a
desalination plant. Here's a breakdown of the key stages:

1. Coarse Filtration: Removes large suspended solids like sand, silt, and debris. This can be achieved
through:

o Intake Screens: Filter out large debris at the seawater intake point.
o Traveling Band Screens or Strainers: Continuously remove larger particles from the seawater
stream.
2. Coagulation/Flocculation (Optional): This step is used if the seawater has high levels of turbidity or
organic matter. It involves adding coagulant chemicals that cause suspended particles to clump
together (flocculate) and then settle out or get removed by subsequent filtration.

3. Media Filtration: Water passes through a series of graded layers of filter media (sand, gravel,
anthracite) that trap smaller particles, including flocculated material and some microorganisms.

4. Cartridge Filtration: Often used as a final polishing step to remove any remaining particulates that
could damage the RO membrane.
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5. Chlorination (Optional): Chlorine or chlorine dioxide may be added to disinfect the seawater and
control biological growth. However, this needs careful management to avoid damaging the RO
membrane.

6. Antiscalant Dosing: Chemicals are added to prevent scaling on the membrane from minerals like
calcium and magnesium. These antiscalants bind to the minerals, keeping them in solution and
preventing them from precipitating on the membrane surface.

(b) Measuring Permeate Purity:

The purity of the permeate (treated water) in an RO system is primarily measured by its electrical conductivity
(EC) or total dissolved solids (TDS).

e Electrical Conductivity (EC): This method measures the ability of a solution to conduct electricity,
which is directly related to the concentration of dissolved ions in the water. Lower EC values indicate
higher water purity.

e Total Dissolved Solids (TDS): This method measures the total amount of dissolved solids (organic
and inorganic) present in the water. Lower TDS values indicate lower impurity levels.

Monitoring instruments:
e Conductivity meters are the most common tools for continuous monitoring of permeate quality.
e Grab samples of permeate might be analyzed periodically using laboratory techniques to measure
specific dissolved ions or contaminants.
(c) WHO Limits for Permeate Purity:
The World Health Organization (WHO) publishes guidelines for drinking water quality in its "Guidelines for
drinking-water quality". While not a strict regulation, these guidelines provide a framework for ensuring safe

drinking water.

There's no single limit for all impurities in permeate. However, WHO recommends the following general
guidelines for some key parameters:

e Electrical Conductivity (EC): Less than 250 uyS/cm (microsiemens per centimeter) at 25°C.
e Total Dissolved Solids (TDS): Ideally less than 500 mg/L (milligrams per liter). However, this value
can be adjusted based on local circumstances and palatability considerations.

It's important to note that these are just general guidelines. Specific requirements for permeate quality might
vary depending on local regulations and intended use of the desalinated water.
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8. (a) State TWO types of Tank Anti-Roll Stabiliser systems. (2)

(b)  State the advantages and disadvantages of a stabilising tank system compared to fin
stabilisation. (8)

Tank Anti-Roll Stabilization Systems and Fin Stabilization

(a) Two Types of Tank Anti-Roll Stabilization Systems:

1. Passive Anti-Roll Tanks: These are the simpler type of tank stabilization system. They rely on the
natural movement of water within the tanks to counteract the ship's rolling motion. There are two main
designs:
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o Free-Surface Tanks: These tanks have a free water surface that sloshes back and forth as the

ship rolls. The movement of the water creates a counteracting moment that helps to dampen
the roll.
o U-Tube Tanks: These tanks are divided into two compartments connected by a U-shaped pipe
at the bottom. As the ship rolls, water flows from one side of the tank to the other, creating a
counteracting moment to stabilize the ship.
2. Active Controlled Tank (ACT) Systems: These are more sophisticated than passive systems and
utilize pumps, sensors, and a control system to actively manage water movement within the tanks.

o Pumps: Powerful pumps are used to move water rapidly between the tanks in response to the
ship's rolling motion, creating a significant counteracting force.

o Sensors: Roll sensors detect the ship's roll angle and direction, feeding data to the control
system.

o Control System: This unit analyzes sensor data and calculates the optimal pump operation to
counteract the roll, providing a faster and more dynamic response compared to passive

systems.
(b) Advantages and Disadvantages of Tank vs. Fin Stabilization:
Tank Stabilization:
Advantages:

e Simpler Design: Passive tank systems are less complex than fin stabilizers, leading to lower initial
cost and potentially easier maintenance.

e Lower Maintenance (Passive Systems): Passive systems require less maintenance compared to fin
stabilizers with their moving parts and hydraulic systems.

e Effective in Moderate Seas: Both passive and active tank systems can be effective in reducing roll
motion in moderate sea conditions.

Disadvantages:

e Limited Effectiveness in High Seas: Passive tank systems might not be as effective in very rough
seas compared to fin stabilizers.

e Space Requirements: Tanks can take up valuable space within the vessel, especially for larger
systems.

e Slower Response (Passive Systems): Passive systems rely on the natural movement of water,
leading to a slower response time compared to the active control of fin stabilizers.

e Increased Fuel Consumption (ACT Systems): Active tank systems require pumps that consume
energy, leading to increased fuel consumption compared to passive systems.

Fin Stabilization:
Advantages:

e Highly Effective: Fin stabilizers can be very effective in reducing roll motion, often exceeding 80% or

more, even in rough seas.
e Fast Response: The electronic control system and rapid fin adjustments allow for a fast response to

changes in roll angle.
e Retractable Fins: When not in use, the fins can be retracted to minimize drag and improve fuel

efficiency.

Disadvantages:
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Complexity: Fin stabilizers are more complex than tank systems due to the moving fins, actuators,
sensors, and control units. This complexity increases installation and maintenance costs.

Higher Maintenance: The moving parts and hydraulic systems of fin stabilizers require regular
maintenance to ensure proper operation.

Increased Draft: Depending on the fin design and deployment depth, they might slightly increase the
vessel's draft, potentially limiting operation in shallow waters.

Potential Drag (Deployed Fins): When deployed, the fins can create some drag, impacting fuel
efficiency compared to a tank system.

The choice between tank stabilization and fin stabilization depends on several factors, including:

020

Vessel Size and Type: Larger vessels might benefit more from the higher roll reduction capabilities of
fin stabilizers.

Operating Conditions: If the vessel primarily operates in calmer waters, a simpler tank system might
be sufficient.

Budget: The initial and maintenance costs of fin stabilizers are generally higher than tank systems.
Space Availability: The space requirements for tanks need to be considered against the potential
impact of fin deployment on draft.
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9.

Sketch a line diagram of an automatic sprinkler system, labelling the MAIN components. (10)

Marine sprinkler systems, similar to their land-based counterparts, are fire suppression systems that
automatically discharge water when a fire is detected. However, they are designed for the specific challenges
of the marine environment, with some key adaptations. Here's a breakdown of the main components of a
marine sprinkler system:

Main Components:

1.

Water Source: Marine sprinkler systems typically utilize seawater as the extinguishing agent.
Freshwater can be used in some cases, but it's a precious resource at sea, and seawater is readily
available.

Seawater Pump: A powerful pump is responsible for drawing seawater from the ocean and
pressurizing it for distribution throughout the system. This pump usually has a backup power source
(like a diesel engine) to ensure operation even in case of a main power failure.

Main and Branch Piping: A network of pipes made of corrosion-resistant materials (like galvanized
steel or copper-nickel) distributes the pressurized seawater throughout the protected areas of the ship.
The system is divided into main pipes that feed water to different sections and branch pipes that
carry water to individual sprinkler heads.

Sectional Control Valves: The piping system is divided into sections, each controlled by a sectional
control valve. These valves are normally closed but designed to open automatically when a sprinkler
head in that section activates due to heat. This allows for localized deployment of water, minimizing
water damage in areas not directly affected by the fire.

Sprinkler Heads: These are the devices located at the end of branch pipes that discharge water. They
are the heart of the system and come in various types with different temperature ratings. When a fire
raises the surrounding temperature above the designed activation point of the sprinkler head, a
heat-sensitive element bursts, releasing the pressurized water to douse the flames.

Alarm System: The system is integrated with a fire alarm system. When a sprinkler head activates, it
triggers the alarm, alerting the crew to the location of the fire.
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7.

Pressure Gauges: Pressure gauges are installed at key points in the system to monitor water
pressure and ensure proper system function.

Additional Considerations:

Non-Return Valve: A non-return valve might be installed to prevent seawater from backflowing into
the seawater source if a pipe ruptures.

Strainers: Strainers can be placed at strategic points in the piping system to filter out any debris that
could clog the sprinkler heads.

Winterization: In colder climates, systems might have drainage points or freeze protection features
to prevent pipes from bursting during freezing temperatures.

Overall, marine sprinkler systems are crucial safety features for vessels, offering automatic fire
detection and suppression using readily available seawater. They are specially designed to withstand
the harsh marine environment and ensure the safety of crew and passengers.
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10.

Describe the functions of a watertight bulkhead. (10)

A watertight bulkhead serves two critical functions on a ship:

1.

Compartimentolization and Damage Control: Watertight bulkheads subdivide the ship's interior into
watertight compartments. This compartmentalization is essential for damage control in case of a hull
breach. If the hull is punctured in one compartment, the water ingress will be contained within that
compartment, limiting the spread of flooding and preventing the entire ship from sinking.

Maintaining Buoyancy and Stability: By confining floodwater to a specific compartment, watertight
bulkheads help to maintain the ship's overall buoyancy and stability. If flooding were to spread
throughout the ship, it could compromise the vessel's ability to stay afloat and upright.

Here are some additional points to consider:

Placement: Watertight bulkheads are strategically positioned throughout the ship based on floodable
length calculations and damage survival requirements. Regulations specify the minimum number and
placement of watertight bulkheads for different ship types and sizes.

Construction: Watertight bulkheads are typically made of high-strength steel plates welded together to
form a watertight barrier. They may also incorporate watertight doors and openings that can be closed
shut in case of an emergency.

Maintenance: Regular inspection and maintenance of watertight bulkheads are crucial to ensure their
integrity and effectiveness in case of an incident. This includes checking for any damage, corrosion, or
leakage around the seams, doors, and other openings.
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Watertight bulkheads are a vital safety feature on ocean-going vessels, contributing significantly to the overall

survivability of the ship in the event of a hull breach.



