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1 Survey Preparation Guidelines

1.1   SURVEY REQUIREMENTS
Surveys are considered to fall into two types — those required by Class or for compliance with other regulatory bodies, and those requested by Owners for structural assessment purposes. Class and statutory surveys include annual and intermediate surveys, bottom/docking surveys, special or periodical surveys and occasional surveys. Owners' surveys are based on a requirement to assess general condition, corrosion rate, detailed condition or for repair assessment.
I.I.I Oar and Statutory Requirements
Statutory surveys for fulfilling the Convention requirements of Load Line and SOLAS (in particular Safety Construction) are very similar to Class requirements, and they should also be considered so as to avoid duplication of surveys. Statutory surveys may be carried out by the Classification Society on behalf of a particular government. As far as tank structural assessment for Class is concerned and in terms of this manual, the Special (Periodical) survey is of prime importance.
Special (Periodical) surveys are generally required at four year intervals, but may be postponed for up to one year if a General Examination is satisfactorily completed. The scope of the General Examination varies according to the age of the ship but would include an overall survey of ballast tanks and other tanks if deemed necessary, together with thickness measurements and tank testing required for the forthcoming Special Survey as far as tanks are accessible. If the full period of one year is granted, this brings the assigned Survey date into line with the five year maximum validity of the Safety Construction, Load Line and some other statutory certificates. The surveys are clearly specified in the rules for each Society concerned, but requirements for survey of the cargo tank area were published in September 1982 as the 'Unified Requirements for the Special Hull Surveys of Oil Tankers' by the International Association of Classification Societies (IACS), and the Societies' respective Rules and Guidelines agree quite closely with these.
The Unified Requirements specify the minimum extent of overall and close-up surveys, thickness measurements and tank testing, all grouped according to age of ship. A copy of the IACS Unified Requirements is included as Appendix II. Section 2.2 contains an amplification of the requirements.
Instead of carrying out the survey at one time, it is possible to do it on a continuous basis over a five year cycle, though this is much more popular for machinery than for hull survey. It is also possible to do part of the survey at the fourth anniversary, the major portion being performed at five years.
Societies are also prepared to do surveys at sea, ie. a General Examination and possibly part of the Special Survey could be done to prepare for the Special Survey to be carried out or completed about one year later. This could advantageously be completed in conjunction with an Owners' survey.
The Annual Survey is to be carried out at intervals of approximately one year, and as the survey generally covers the annual Safety Construction and Load Line requirements, which are due within a time window of three months before or after the anniversary date of these certificates, they are almost invariably combined. Most Societies harmonise the dates of expiry of these certificates with the Special Survey date to enable this to be achieved. In general, these surveys do not concern themselves with the structure in tanks, though ballast tanks are to be examined in some cases.
The statutory Intermediate Survey necessary for tankers 10 years of age and over consists of the requirements of an Annual Survey, Bottom Survey plus a minimum examination of two cargo tanks. These are generally covered by Class requirements at the 2nd or 3rd Annual Survey after the Special Survey, together with the Bottom/Docking Survey, or by particular Intermediate Survey requirements.
Bottom/Docking Surveys are specified at different time intervals by different Societies, but in general these are fairly tiexible and can be summarised as being required twice in any five year period with a maximum interval of three years between surveys. It is also possible in some cases to replace alternate dockings by an In-Water Survey.
Occasional surveys are not planned or regular surveys and may be called for after damages or other defects. The Owner is expected to inform his Society when damages due to grounding, collision or heavy weather occur, although in many cases permanent repairs (if found necessary) may be deferred to coincide with planned surveys. The same criteria apply to any modifications or repairs and to defects which may be discovered but which may not be directly attributable to damage.
For laid-up ships, surveys will be required on reactivation, but these will depend upon the maintenance, the length of time laid-up and which surveys have become overdue during the period. Some Societies have requirements for general surveys during lay-up. Statutory certificates are only required for trading although there may be some local requirements.
1.1.2 OwBer's Requirements
While concerned with ensuring compliance with Classification Society standards for overall structural strength and hull integrity, the Owner also requires information on structural condition that might affect both present and future operating/repair costs of his vessel. This information may be required at the time of Class survey or at a time outside the Class survey cycle, such as during a survey of a vessel in lay-up. Basically, the Owner may require more in-depth knowledge of:
1) the present state and estimated corrosion rates of the various structural components,
2) the present condition and expected rate of deterioration of existing corrosion control systems,
3) the existence, severity, and potential for further development of structural defects due to expected corrosion patterns and structural loadings, and
4) the potential for cargo contamination or pollution incidents due to corrosion and structural problems.
Based on this type of information from the survey of the vessel, the Owner can then:
1) determine his present and predict his future steel renewal requirements, and/or
2) study the various options for restoring or upgrading corrosion control systems to help avoid steel renewals, cargo contamination and pollution incidents over the life of the vessel.
The type of survey performed depends on the information required to meet the Owner's objective. The surveys may be grouped into four types although it is quite possible and more usual for these to overlap in practice.
General Condition Surveys
These are overall surveys of limited scope and time intended to identify gross structural or corrosion-related problems. They involve little or no close-up inspection or thickness determination of internal structure, but give an overall visual impression of the structural integrity and corrosion condition of the tanks inspected.
Detailed Condition Surveys
These involve comprehensive close-up inspection and thickness determination of sufficient structural elements in a tank, group of tanks or the entire vessel to assess accurately the present condition so that present and future repairs can be estimated with reasonable precision.
Corrosion Rate Surveys
These are limited in terms of area inspected but are of a more detailed nature, and are based on collecting representative thickness measurements of a number of structural components in various tank environ​ments at rcRular intervals so that general corrosion rates can be determined for the vessel. In addition, these may identify local corrosion and/or structural problems for tne more limited areas surveyed.
Repair Specification Surveys
These are surveys of sufficient detail to specify precise steel renewal requirements, structural repairs and reinforcements, corrosion control measures, etc. for inclusipn in a shipyard repair specification. This is the most detailed type of survey, often relying on one of the three other types of survey, particularly the detailed condition survey to highlight areas of tanks requiring more detailed inspection.
1.2   SAFETY AND ACCESS
1.2.1 Safety During Surveys
Before commencing any survey, the Owner and all personnel involved in the survey must ensure that appropriate safety procedures are specified. Safety standards often vary from Owner to Owner and vessel to vessel. While many Owners maintain strict onboard safety procedures, survey personnel including Classification Society surveyors and subcontractors must still be aware of what constitutes minimum acceptable standards for tanker inspection to protect themselves from potentially hazardous working conditions.
For basic tank entry, the International Safety Guide for Oil Tankers and Terminals, (ISGOTT, 2nd edition) should be followed, especially Chapter 10 — 'Entry into and Work in Enclosed Spaces' (refer to Appendix III). This chapter contains the basic requirements for gas testing, breathing apparatus, notices and permits, and rescue and resuscitation. It should be recognised that ISGOTT sets minimum standards and that some Owners' practices may differ from those outlined in this Safety Guide.
The types of inspection described in this manual however, require supplemental safety procedures to cover certain aspects not addressed by ISGOTT. These include limits on climbing heights, procedures for rafting, safety of ultrasonic equipment, and precautions regarding extremes of temperature. Generally, these procedures are intended to apply to surveys conducted at sea. However, where appropriate, the same procedures should be applied during other surveys.
The following are items of special importance to survey personnel and are included here to highlight the key items of on-board survey safety. These reflect the present practices of a number of Forum members and should be treated as a guide rather than a safety standard.
(a) Safety Meeting
Before beginning any survey the survey team should ensure that a safety meeting is held to discuss all aspects of safety referred to herein with special attention being paid to gas testing procedures, command and communication links, and rescue arrangements.
(b) Gas Testing (or Tank Entry
As specified by ISGOTT, entry of tanks for survey should not be permitted until testing indicates that the following criteria are met:
a) Gas reading 1% Lower Explosive Limit (LEL) or less (by Explosimeter)
b) Maximum Benzene (CgHg) 10 ppm (by Draeger Tube or equal)
c) Maximum Hydrogen Sulphide (H^S) 10 ppm* (by Draeger Tube or equal)
d) I— Minimum Oxygen (0;) 21% by volume (Oxygen Analyser)
e) Maximum hydrocarbons no greater than the Threshold Limit Value — Time Weighted Average (TLV-TWA) for the actual mixture encountered (By Draeger Tube or equal)
f) -This figure is under review and is likely to be lower.
g) Note; The TLV-TWA for hydrocarbon varies depending on the cargo carried. For gasoline, the TLV is 300 ppm corresponding to about 2% LEL. Therefore if the TLV-TWA is unknown, a value of about 150 ppm should be used.
h) Other limits specific to dangerous cargoes (chemical products), if applicable.
i) For vessels with inert gas systems, trace amounts of various toxic gases may increase the hazard of exposure for personnel. Normally, a steady 21% by volume of oxygen reading will be sufficient to dilute these gases below their TLV's. However, personnel should be aware of the following limits:
j) Maximum Carbon Monoxide (CO) 50 ppm (by Draeger Tube or equal)
k) Maximum Nitrogen Dioxide (NO;) 3 ppm (by Draeger Tube or equal)
l) Maximum Nitric Oxide (NO) 25 ppm (by Draeger Tube or equal)
m) Maximum Sulphur Dioxide (SO;) 2 ppm (by Draegcr Tube or equal)
n) If gas readings are greater than 1% LEL (Explosimeter), or if other limits are exceeded, the survey team should be instructed not to enter the tank or, if already in it, to stop working and immediately vacate the tank. The Explosimeter used should be calibrated with a low level full scale reading of 0 to 10% LEL.
The team should arrange with the Master to have the tank frequently tested for gas at several locations, say every 2-3 hours. In addition, a member of the team should verify the readings from time to time.
To aid the detection of any local pockets of gas, or lack of oxygen, team members should be encouraged to carry portable hydrocarbon and oxygen detectors with audible alarm features.
(c) Tank Preparation
Continuous forced ventilation should be supplied to the tank during the inspection. An adequate number of deck fans should be used to supply this air. The fans should, where possible, be dueled to supply fresh air to the tank bottom. The vent fans should be stopped during atmosphere checks. The inert gas fans should not be used to provide fresh air ventilation because contaminants from the inert gas lines could be introduced into the tanks. Inert gas branch lines should be blanked off and the blanking flange interlocks checked at each tank if entry is required while inciting, or gas freeing of other tanks is taking place, or if any other tanks are incited or contain hydrocarbons. An alternative to pipe blanking would be to remove a section of the branch line.
All cargo pipelines leading to the tank should be checked for oil content and the valves secured closed, immobilised and signposted. Any oil present in the lines should be removed.
AH adjacent tanks should be in the same gas free condition as specified above or fully ballasted. Alternatively, and with the knowledge and approval of the Owners and the agreement of the survey team, adjacent tanks may be fully incited or pan ballasted/remainder incited but with pressure reduced to a minimum. The survey team should be aware of the danger of potential leakage of inert gas through bulkhead fractures or faulty valves.
(d) Safety Wrteh and Safety Equipment
The survey team should not remain in a tank unless there is a safety watch by ship's staff with at least one individual stationed at the tank hatch throughout the inspection. The safety watch should have the authority to order the evacuation of a tank and should be responsible for registering the survey team entering or leaving a tank. Communication should be maintained between personnel in the tank and the safety watch. When underway, the safety watch should maintain communication, with the bridge.
Rescue equipment including breathing apparatus, resuscitators, smoke masks, rescue lines, a stretcher, etc. should be laid out at the tank hatch or, if more than one tank is being worked, at a suitable central location on deck.
(e) Tide Cleaning
Tanks and spaces to be surveyed must be sufficiently clean and free from water, scale, din and oil residues to reveal excessive corrosion, significant deformation, fractures, damages and other structural deterioration. Tank cleaning can be performed with an existing Crude Oil Washing (COW) system.
Generally, tank surveys should be avoided in tanks in which de-sludging operations are taking place since these operations can potentially raise gas levels.
(0 Ballast Transfer
The survey team should not enter or remain in any tank if ballast is being moved in or out of that tank. Consideration should also be given to ballast movement in adjacent tanks.
(g) Manoeuvring
The survey team should not enter or remain in any tank while the ship is manoeuvring in congested or confined waters.
(h) Use of Ultrasonk Measuring Equipment In Cargo Tanks
Most ultrasonic thickness measuring equipment is not mtrinsically safe. Its use is allowed only in tanks with a 'hot work' certificate or, alternatively, where agreed by the Owner, in tanks with gas quality meeting the requirements of section (b) above.
In this case, surfaces within cargo tanks that are not sufficiently cleaned of cargo residues are unacceptable for inspection and should be avoided by the survey team. If ultrasonic measurements are essential in such areas, the surface must be cleaned free of all residues for a radius of 1 metre from each reading point.

(i) Climbing
In general, the free climbing height should be limited to about 3 metres above the bottom or any large stringer platform. If it is necessary to exceed this height, there should be a water bottom to provide a 'cushion' or other provisions such as safety lines. The free climbing height above the water surface should not exceed 6 metres.

When climbing in tanks containing water, the surveying personnel should wear 'flotation' aids. A flotation aid is a simple form of lifejacket which does not impede climbing.

(j) Temperature Extremes
When temperature extremes are expected during a survey, the inspection team should review the procedures that the Master or Safety Officer will follow to monitor the exposure of the team to guard against hypothermia, frostbite, heat fatigue, heat stroke, etc.

When working in a hot environment, the surveying personnel should be guided by the limits given in Figure 1.1. A 'hot environment' is defined as an Effective Temperature (ET) exceeding 27°C.

The Master or Safety Officer should take wet and dry bulb temperature readings when checking the tank gas levels and warn the team when 29°C ET is exceeded. Temperatures should be taken in the vicinity of the survey team with vent fans running. A dry bulb reading should also be taken close to a radiant heat source such as the deck head plating. The recommended maximum allowable ET is 30.5°C for a full work period. However, the limit is derived from industrial standards and uses certain assumptions judged applicable to in-tank survey work. Experience may show the need to modify the limit.

When the limits are reached or exceeded, the team, in consultation with the Master or Safety Officer, should adjust its work/rest period for the conditions being encountered. In hot climates, the surveys should be scheduled to avoid the midday heat when the above limit is likely to be exceeded. Some cooling can be achieved by spraying the decks with water during very hot weather.

(k) Lighting
Whenever possible, natural lighting should be provided in the tank during surveys by opening all tank hatches. Suspended lighting should also be provided to supplement any natural lighting. Each person should carry a torch of the high intensity beam type such as a Wolflite or Halogen light. Torches and lights should be of intrinsically safe design.

0) Rafting Surveys
Inflatable or rigid rafts should be of a type with sufficient compartmentation that adequate buoyancy and stability is provided even with one compartment ruptured.

At no time should the water level be allowed to be within one metre of the deepest underdeck web face flat.

Under no circumstances should the raft be used so that it is isolated from a tank hatch. In the case of tanks with swash bulkheads where two tank hatches are not fitted, the survey may be carried out using two rafts. One raft will be in use while the other is secured at the swash bulkhead for emergency escape.

Rafting should not be attempted if there is more than a thin sheen of oil on the water.
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Rafting or boating should be discontinued if the rise and fall of the raft or boat within a cargo tank (due to the motion of ballast water caused by rolling) makes the operation difficult or hazardous. In making this decision, the team should consider the degree and period of roll, the proximity of rafting to the deckhead or other structure (that could damage the raft), and expected manoeuvring that could add to excessive motion of the ballast water. While it is difficult to set a limit, the rise and fall of ballast water should not exceed one metre, equivalent to about 1.5 to 2 degrees of roll per side on a V/ULCC.
1.2.2 Access to the Structure
Once the type of survey has been decided upon, it is necessary to consider the means of access available
to achieve the goals of the survey.
The need for reasonable access to the upper parts of a tank structure have recently been reinforced by the introduction of the IACS Unified Requirements for the Special Hull Surveys of Oil Tankers. These requirements do not stipulate how access is to be achieved but have specific requirements for close-up surveys of deckhead structure and primary ring structure coupled with thickness determination in these areas.
The following options are available to aid access to the structure for condition assessment:
PermaBent Arrangements
Much can be achieved at the design stage of a vessel by the provision of manholes and ladders. The width of face plates, the location of stringers, the provision of manholes etc., can all contribute to the ease whh which a structure may be surveyed and the condition monitored in service.
Some shipbuilders fit limited permanent walkways at the upper parts of the tank either for their own use or at the request of an Owner. Often, use of existing structure is made for permanent walkways with handrails added. The fitting of such walkways will however incur a cost and deadweight penalty for the operator especially as the walkways themselves and supporting brackets must be substantial enough for the corrosion environment. Walkways can provide sufficiently close access to obtain a general assessment of the condition of the structure and identify suspect areas for closer examination.
Temporary Staging
Conventional temporary staging within a tank to gain access to deckheads and bulkheads structure is an option that may be attractive in some circumstances but, as the vessel gets older and survey requirements more stringent, the cost of such staging methods could become prohibitive.
The use of temporary staging restricts the survey to being carried out within the repair yard and does not facilitate a survey at sea for preparation of repair specifications and the like.
Mobile Platforms
The most common form of temporary staging other than conventional scaffolding is the mobile platform. This consists of a portable, self-elevating platform suspended from wires through holes drilled in the upper deck. If a sufficiently extensive grid of holes is provided, reasonable access to deckhead areas can be achieved.
Alternative designs of mobile platform are mostly based upon an articulated or telescopic arm principle. Such designs would typically incorporate a support turret suspended from a tank cleaning opening or from the tank bottom. The articulated or telescopic arm is supported by the turret and is usually operated hydraulically or pneumatically to bring the inspection platform to the desired position. The movement of the platform can usually be controlled by the inspector on the platform. Each platform should be capable of carrying two persons and would typically have an outreach from the turret of about 25 metres.
All forms of mobile platform are highly susceptible to the motions of the vessel and are therefore, more readily usable in dry-dock or sheltered conditions rather than at sea. It should be noted that these platforms may have to be certified as complying with local factory inspectorate and International Labour Organisation (ILO) requirements, particularly when used within a repair yard.
Rifling
Although limited in use for some structural configurations, survey of deckheads from a raft or boat within a partially filled tank is fairly common practice with some operators and is likely to become even more popular as more stringent survey requirements are introduced.

The tank should not be filled beyond a level approximately 1 metre below the deck transverses so that the survey team is not isolated from a direct escape route to tfie tank hatch. This will mean that on larger vessels with deep deck transverses the inspector will still be some distance from the deckhead which may preclude close-up survey.
Filling to levels above the deck transverses should only be contemplated if a deck access manhole is fitted in the bay being examined to provide access to the raft and direct escape to the deck in an emergency. Fitting of additional deck manholes (with access ladders and platforms) for this purpose should possibly be considered on future designs if rafting is planned as the main means of deckhead survey. Safety is of prime importance during rafting surveys and likely motions of the vessel must be taken into account at all times (see Section 1.2.1).
Remotely Operated Devices
Underwater remotely operated vehicles (ROVs) can be used for the inspection of ballasted tanks. The vehicle is small enough to fit through a standard access hatch opening, is powered by at least two electrically driven thruster units and is controlled from a location outside the tank, such as the cargo control room.
While the method is dependent on the initial cleanliness of the tank and the clarity of the ballast water, the use of a monochrome camera for general scanning and navigation together with a colour camera, principally for close-up work, makes the device a good alternative survey device under the right conditions. The systematic approach needed means that the survey can be time-consuming and operator and inspector fatigue from continuously monitoring a video screen may be a problem.
Safety aspects of this type of inspection must be carefully considered, especially with reference to intrinsic safety of the vehicle.
Some ROVs will incorporate an ultrasonic thickness probe and a surface cleaning device so that both a visual and gauging survey may be carried out.
A simpler device than the ROV but with less general applicability is the crawler type vehicle. This device is designed to take systematic ultrasonic thkkncss readings on vertical surfaces and was developed originally for use on land storage tanks but has been suggested for application on tanker bulkheads or shell plating.
Motion up the vertical surface is achieved by means of either suction pads or magnetic wheels and ultrasonic readings can be taken at predetermined positions with spacings from about 50mm to 1000mm.
The main drawback to the use of this type of device inside tanks is the level of surface cleanliness required to ensure adhesion to the bulkhead and to achieve satisfactory acoustic coupling of the ultrasonic probe. Until a probe is developed which obviates the need for removal of scale and din before taking ultrasonic measurements/this type of device is likely to have only limited application for tanker surveys.
Use of Divert
Surveys may be conducted using divers with hand-held cameras and ultrasonic probes. As with the ROV, the inspector monitors and controls the diver from a control station outside the tank. Good communica​tion between the diver and the control station is therefore essential. Orientation within the tank and identification of structural elements must be carefully considered.
In cases where diving is undertaken in water depths over 10 metres, the duration of the dive and the possible provision of decompression equipment may need to be considered.
At least two divers should be available for a tank survey not only for safety reasons, but because of the time involved in carrying out the necessary systematic approach to the survey.
The divers should know the correct technical names of the structures so that they can respond to instructions from the control centre. Structural plans should be used at the control centre to permit simultaneous viewing of the screen and plans.
Other Devices
From time to time various devices such as image intensified viewers, telescopes etc., have been suggested for use in surveying deckheads from the bottom of tanks. While the resolution on some of these devices is reported to be very good, perspective and image distortion problems can make defect identification difficult.
1.3   ULTRASONIC THICKNESS DETERMINATION
An essential part of most types of survey is the determination of the residual thickness of the structure in critical areas. Ultrasonic thickness gauging is used almost exclusively for this purpose. This section discusses the various aspects of the techniques involved with specific reference to the accuracy achievable and resulting confidence levels in the data produced for assessing structural integrity. The accuracy levels are also of particular relevance for surveys which arc intended to determine corrosion rates in particular locations.
1.3.1 Survey Team Qualifications
The survey team is responsible for carrying out the survey plan. The composition of this team could be company personnel, contract personnel, or a combination of the two. Whatever the composition, it is important that the team provides the Owner and the Classification Society with an accurate assessment of the structural condition of the hull.
The level of experience and the degree of training of the survey team has a significant influence on the accuracy of the survey data.
The team leader should be a qualified steel inspector since it is his duty to survey the hull and detect areas where corrosion is occurring and locate structural defects such as fractures. The team leader can also function in other capacities such as a repair superintendent, but his skill as a steel inspector is the most significant in terms of the structural survey.
In addition to the team leader, there should be one or more technicians on the survey team who are res​ponsible for obtaining ultrasonic thickness measurement data which is required to assess the extent of steel wastage. These gauging technicians should be qualified in the operation of the ultrasonic measurement equipment. Their initial training can be on-the-job learning from a more experienced operator or a formal training program offered by a Non-Destructive Testing society. A formal program is recommended because the operator learns the concepts as well as the skills and is certified to a specific level of skill and experience. As an example, the operator can be certified as a Level I, II or III technician as quoted in the American Society of Non-Destructive Testing (ASNT) standard, with Level I being the initial certification. The gauging team should have at least one of the operators qualified to Level II to ensure that the equipment will be operated by an experienced technician.
Operator experience is not enough to ensure a consistent level of gauging accuracy. It is recommended that all the operators used by the Owner are also trained to use a standard gauging procedure so that all gauging data will be comparable. If the operators are company employees this will be less of a problem. The procedure should specify the technique that is to be used for operation of the equipment. The specification will cover items such as calibration interval, recommended equipment and probe combinations, environmental constraints on equipment usage and surface preparation requirements. This procedure can also describe recommended gauging patterns that will provide the Owner with sufficient data for his steel condition analysis.
The gauging team should be familiar with the shipboard gauging environment. Many of the hull surveys are made while the vessel is at sea on a ballast voyage. In this environment the operator has to contend wfth a rolling vessel, dimly lit tanks, surfaces covered with scale and pits, only accessible by a combination of rafting and climbing. This environment would hamper an operator experienced only in land-based environments.
The gauging team should also be familiar with the scope of the hull survey to ensure that the gauging data is obtained in an efficient manner. For example, when the hull survey is made at sea the vessel crew and gauging team will develop a ballasting pattern to reach efficiently the selected gauging locations. If the ballast pattern is not carefully planned, time and fuel would be wasted and the survey could end up only partially complete.
1.3.2 Basic Eqaipreeot Types
Ultrasonic wall thickness measuring devices work on the principle that a pulse generator causes a probe to oscillate and transmit ultrasonic compression waves through the medium being gauged. The waves are reflected from the front and back surfaces of the object or from any flaw in the material. These echoes are picked up by the receiving probe and, after amplification, the signal delay can be interpreted as a measure of the thickness of the material (given the .density of the material, and hence the sound velocity through it).
Two basic instrument types are widely available for marine use, namely screen image instruments and digital readout instruments. The screen image instrument incorporates an oscilloscope cathode ray tube screen (CRT) oft which the full echo pattern can be displayed with associated amplitudes.
The digital instrument incorporates a preset discrimination level and will automatically make a thickness assessment based upon the first arriving backwall echo to exceed that discrimination level.
Although the direct reading digital instrument has advantages of compactness and portability, it has certain drawbacks compared with the CRT instrument, The digital instrument cannot discriminate between echoes from the backwall and those from inclusions or flaws in the material and can thus cause errors in thickness determination which the operator has no means of checking. In the case of the CRT instrument the operator determines the thickness after evaluation and interpretation of the echo pattern displayed. Intermediate echoes can be located and an assessment made as to whether these are from laminations, inclusions or pits. Similarly, on heavily corroded plates the slope of the echo can be poorly defined leading to errors with both instrument types, but the CRT instrument has the advantage that the operator can verify the quality of the reflected signal and make adjustments accordingly.
A digital unit that does read multiple echoes has been offered as an alternative to the CRT which should overcome the drawbacks mentioned above. This unit has a microprocessor circuit that allows it to make the digital measurement between echoes instead of the conventional unit which measures between the pulse and echo.
Various types of probes may be selected dependent upon the type of work being undertaken and the output required from the probe. The probes can be single or twin crystal types, and the coupling fluid between the probe and the surface of the material is usually oil or water. Proper selection of the probe will improve the operator's ability to obtain thickness measurements on corroded steel. The single probe uses the same crystal for both transmitting and receiving while the twin probe has the transmitting signal electrically and acoustically separated from the receiving signal. The single probe is commonly used with CRT units because it will receive multiple echoes. The single probe is not used with digital equipment since this equipment is not designed to read multiple echoes.
The twin probe is used when additional signal strength is needed to overcome the loss of signal caused by surface roughness scattering the sound energy. The twin probe uses a focused beam and the focal length should be chosen near to the expected wall thickness for maximum sensitivity.
For both probe types there are several frequencies and diameters from which to choose. The frequency affects the sound transmission characteristics and under conditions where echo strength is marginal, the selection of a probe with a different frequency may improve the echo strength. Most operators use probes that have a frequency between 2.25 MHZ and 5.0 MHZ. The probe diameter affects the shape of the sound beam and therefore the signal strength. The smaller the diameter the narrower the beam. Diameters between 10mm and 25mm are preferred by most operators.
On corroded surfaces, it is often difficult to keep the face of the transducer parallel to the walls of the plate because of the roughness. By changing probe diameters, the operator may improve his chances of keeping the probe face parallel to the walls. An experienced operator will usually carry a variety of probes to ensure that he will be able to obtain the required thickness measurement data as efficiently as possible.
It is essential that good acoustic contact is achieved between the probe and the surface of the plate being measured. To achieve this all scale, dirt and, in some cases, paint must be removed from the surface. In some locations, because of access or lack of cleanliness, it is desirable to take shell plate readings externally through the paint film. This can be done satisfactorily provided the paint Him is reasonably smooth and uniform and due allowance is made for the paint film thickness when assessing residual steel thicknesses. The sound velocities in steel and paint are about 5,900 m/sec and 1,600 m/sec respectively, and therefore the steel thickness equivalent of the paint film will be approximately 3.7 times the turn thickness. In CRT instruments the paint can be allowed for by measuring between the pulse and the first echo or second echo and correcting for the paint 'thickness equivalent* having determined the average coating thickness mechanically. Alternatively, the measurement can be taken between the first and second echo, thus eliminating the need for a manual paint correction. With digital instruments the measurement must always be corrected for the 'steel equivalent' thickness of the paint film.
Electromagnetic probes are also under development which may enable readings to be taken without the removal of scale or corrosion deposits.
1.3.3 ThickBess Measurement Accuracy                    :
When ultrasonic thickness measurement data is used to evaluate structural integrity or to predict corrosion rates, the accuracy of the data will determine the accuracy with which the assessment can be made.
The accuracy of a single ultrasonic measurement is a function of the equipment accuracy and the operator technique in using that equipment.
All equipment types will have an inherent inaccuracy associated with their design. The internal equipment accuracy can be determined using set procedures laid down in standards such as ASTM E317-79. All equipment types are considered to be capable of measuring within ± 0.2mm on uncorroded plate using these standard test procedures.
These standard test procedures do not, however, provide a means for determining equipment accuracy on corroded surfaces. To analyse the accuracy achievable on corroded material a series of tests were undertaken by Forum members. Based upon these comparative tests with various instrument/probe combinations and using various operators, the best achievable accuracy was ± 0.5mm ranging to ± 3.0mm in the worst cases. The accuracy levels quoted statistically represent a 95% probability that the actual residual thickness will fall within the range quoted, i.e. for the best results there is a 95% chance that the true thickness is within a range of ± 0.5mm from the measured thickness.
These accuracy levels hold for both the CRT and digital equipment. Within a given instrument group an operator may achieve consistently better accuracy levels with certain instrument/probe combinations. This accuracy level is dependent upon the operator. A different operator using the same instrument/probe combination is not assured of achieving the same accuracy levels. The technique that is used to obtain thickness measurement data varies depending upon the operator's skill and experience. Tests have shown that gauging experience in a shipboard environment can influence the accuracy level the operator can achieve to a greater degree than in a shop environment. Tests, however, have also shown that accuracy can be significantly improved by standardising the gauging procedure for all operators. This is of particular importance when historical data is being reviewed so that any bias in the data due to operator technique at different surveys is minimal.
The overall accuracy with which a set of gaugings represent the true wastage is a function of the local accuracy of the single reading plus the number and pattern of measurements taken. If only one measurement is used to determine the wastage of a structural member then the local accuracy level applies. However, if additional measurements are taken then the average of these measurements can be used to represent the overall wastage of the member. Statistically it can be shown that, based upon accuracy levels determined for single measurements, the overall accuracy can be improved by increasing the number of measurements.
1.3.4 Measurement Procedures
As stated earlier, tests have shown that accuracy levels of approximately ± 0.5mm are the best that can be achieved on corroded plates. Alternatively, if there is a lack of control over the selection and use of ultrasonic thickness measurement equipment, there can be a decrease in accuracy levels to ± 3.0mm. This highlights the need to consider carefully procedures for thickness determination in order to increase confidence levels in the data produced.
The following aspects should be reviewed:
(a) Equipment type — Instruments should comply with a recognised industrial standard such as BS 4331, 1978 or ASTM E317, 1979. Selection of instrument type, i.e. digital or CRT, will depend upon many factors such as expected level of wastage, surface condition for gauging etc. but the generally preferred instrument for a gauging survey would be the CRT type except where the portability of the compact digital gauge outweighs all other considerations.
The probe type and frequency will depend upon the level of sensitivity required for the particular application.
(b) Operator Qualification — At least one member of the gauging team should be qualified to ASNT Level II or equivalent. The operator should have experience of gauging in a shipboard environment.
(c) Operator Technique — A standard technique should be followed by the gauging team. There are several aspects of the gauging technique, such as sensitivity setting selected, the signal echoes used for measurement, the frequency of calibration etc., which might influence the data
produced. The important point is to follow the technique which is found to give the best accuracy and be consistent in applying that technique.
Consistency of technique is of particular importance if the data is being used to assess corrosion rates by comparison with historical data.
(d) Gauging Patterns — Given the accuracy probable with a single ultrasonic thickness measurement, the precision with which a set of gauging data accurately reflects the wastage levels in a particular plate or location will be a function of the number of readings taken. The required accuracy will be dependent upon the use to which the data will be put (e.g. determination of corrosion rates) and how critical the data is in terms of structural integrity.
Within Section 2 of the manual, guideline locations have been identified for ultrasonic thickness determination during corrosion rate or detailed condition assessment surveys. The purpose of specified gauging patterns would be to ensure that representative thicknesses are measured in these areas. The gauging patterns would also typically increase the density of readings at locations where improved accuracy will contribute to better maintenance decisions, and reduce the number at locations where the maintenance decision would not be affected by the level of gauging accuracy.
For example, the gauging team should be aware that few readings are required where wastage is less than half the permissible limit or is well beyond that limit. Elsewhere a higher density of readings would be requested to define better the actual wastage as the permissible limit is approached. Typically, a five point pattern of readings would be sufficient at critical locations and would represent a best accuracy of about ± 0.2mm. The actual number of readings at particular locations may have to be increased if the surface is heavily pitted or irregularly corroded.
(e) MtecdbneoHs Instruction — The gauging teams should not confine themselves to simply recording and reporting ultrasonic data. Visual observations should be made and any defects reported. These should include fractures, heavy local wastage such as holes, knife-edging, grooving, pitting etc. All data should be accompanied by a photographic record when appropriate.
Apparently spurious readings showing increases in thickness over original scantling should be treated with caution. 'As fitted* plans indicate the nominal plate thicknesses without any allowance for rolling tolerance limits set down by industrial standards. This could mean according to some standards a variation of up to about + 2.0mm between plates of the same nominal thickness. Similarly, actual thickness can vary across the width of a plate by up to about 1.0mm and still be within tolerance. Gauging readings should thus be taken clear of plate edges.
These variations in original thickness are of particular importance if the gauging is carried out as part of a corrosion rate monitoring programme. For establishing corrosion rates it is essential that the base line thickness is determined initially. It has been suggested that this can only realistically be done by carrying out a gauging survey before a new building enters service to establish actual as opposed to nominal thicknesses at critical locations.
1.4   TECHNICAL BACKGROUND FOR SURVEYS
The purpose of carrying out a structural survey of any tank is to determine the extent of corrosion wastage and structural defects present in the tank. To help achieve this and to identify key locations in the tank that might warrant special attention, the surveyor should be familiar with the service record of the tank and any historical problems of the particular vessel or other vessels of a similar class.
An experienced surveyor will be aware of typical structural defects likely to be encountered and some knowledge of the contributing factors to corrosion (including the effectiveness of corrosion control systems) will assist him in assessing the corrosion patterns he finds.
1.4.1 Nomenclature
For clarity of definition and reporting of inspection data, it is recommended that standard nomenclature for structural elements be adopted. A sketch showing generally accepted nomenclature for structure within the cargo tank length is incorporated for reference as Figure 2.1
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1.4.2 Structural Defects
Structural defects include weld defects, buckling and fractures. Fractures initiating at latent defects in welding more commonly appear at the beginning or end of a run, or rounding corners at the end of a stiffener or at an intersection. Special attention should be paid to welding at toes of brackets and cut​outs or intersections of welds. Fractures may also be initiated by undercutting in way of stress concentrations. Although now less common, intermittent welding may cause problems because of the introduction of stress concentrations. Corrosion of welds may be rapid because of the influence of the deposited metal or the heat affected zone, and this may lead to stress concentrations.

Permanent buckling may arise as a result of overloading, overall reduction in thickness due to corrosion, or damage. Elastic buckling will not be directly obvious but may be detected by coating damage, stress lines or shedding of scale.

Fractures may not be readily visible due to lack of cleanliness, difficulty of access, poor lighting or compression of the fracture surfaces at the time of inspection. It is therefore important to identify and closely inspect potential problem areas. Fractures will normally initiate at notches, stress concentrations or weld defects. If these initiation points are not apparent, the structure on the other side of the plating should be examined.

For examples of defects which have occurred in service, attention is drawn to the Catalogue of Structural Detail Failures in Appendix IV. It is suggested that surveyors should be familiar with the contents of this catalogue before undertaking a survey.

The following areas where structural defects might occur should have special attention at the survey:

(1) Ends of principal girders, stringers, transverses and struts with associated brackets. Particular attention should be paid to toes of brackets.

(2) Bracketed ends of shell, deck and bulkhead stiffeners.

(3) Connection of shell, deck and bulkhead longitudinals to transverse web frames. Particular attention should be paid to the side shell connections between full load and ballast waterlines.

(4) Any discontinuities in the form of misalignment or abrupt change of section.

(5) Plating in way of cut-outs and openings.

(6) Areas, which show any evidence of damage or buckling.

1.4.3 Corrosion Aspects
Typical Corrosion Patterns
In addition to being familiar with typical structural defects likely toj be encountered during a survey, the surveyor must also be aware of the various forms and possible location of corrosion that may have occurred in the tank.

The main types of corrosion pattern which may be identified include the following:—

(a) Pitting Corrosion
Pitting corrosion is a localised corrosion that occurs on bottom plating, other horizontal surfaces and at structural details that trap water, particularly the aft bays of tank bottoms. For coated surfaces the attack produces deep and relatively small diameter pi.ts that can lead to hull penetra​tion in isolated random places in the tank with consequential pollution risk. Pitting of uncoated tanks, as it progresses, forms shallow but very wide scabby patches (e.g. 300mm diameter);

the appearance resembles a condition of general corrosion. Severe pitting of uncoated tanks can affect the strength of the structure and lead to extensive steel renewals.

(b) General Corrosion
General corrosion appears as a non-protective, friable rust which can uniformly occur on tank internal surfaces that are uncoated. The rust scale continually breaks off, exposing fresh metal to corrosive attack. Thickness loss cannot usually be judged visually until excessive loss has occurred. Failure to remove mill scale during construction of the vessel can accelerate corrosion experienced in service. Severe general corrosion in tankers, usually characterised by heavy scale accumulation, can lead to extensive steel renewals.

(c) Grooving Corrosion
Grooving corrosion is a localised, linear corrosion whiclroccurs at structural intersections where water collects or flows. This corrosion is sometimes referred to as 'in-line pitting attack' and can also occur on vertical members and flush sides of bulkheads in way of flexing.

(d) Weld Metal Corrosion
Weld metal corrosion is defined as preferential corrosion of the weld deposit. The most likely reason for this attack is galvanic action with the base metal which may start as pitting and often occurs in hand welds as opposed to machine welds.

Factors Contributing to Corrosion
When corrosion problems occur it is important to have some understanding of the possible contributing factors to the corrosion so that remedial action taken will minimize the possibility of future repetition. The significance of each of these factors will vary depending upon the tank service. For example, for cargo/ballast tanks the length of time in ballast, the effectiveness of coating or anode systems and sourness of the crude could all be relevant major factors. Similarly, for ballast tanks the effectiveness of the protection system and high humidity could be major factors. For cargo-only tanks the method and frequency of tank washing and the sulphur content of the cargo could be factors of particular significance.

The following is a list of possible factors which might be relevant in evaluating corrosion patterns being experienced:

(1) Frequency of Tank Washings
Increased frequency of tank washings can increase the corrosion rate of tanks. For uncoated tanks, it is often possible to see lines of corrosion in way of the direct impingement paths of the crude oil washing machines.

(2) Tank Washing Medium
In order of decreasing effect, the mediums affecting tank corrosion are: hot seawater, ambient seawater and crude oil washing.

All washing mediums can remove protective oily films residual from crude oil carriage. Tank coatings may deteriorate more rapidly in a tank that is regularly crude oil washed.

(3) Carriage of Clean Versus Dirtv Ballast
Although modern tankers will be fitted with segregated ballast tanks (SBT), it is recognised that some existing tankers may be operated with cargo/clean and cargo/dirty ballast tanks. On these vessels, due to the removal of residual protective oily films by tank washings, clean ballast service can lead to higher corrosion rates than dirty ballast service provided that the corrosion control systems are equivalent. In practice, however, tanks designed for dirty ballast service have minimal if any corrosion control systems, and due to the frequency and extent of tank washing, they may show higher corrosion rates than tanks designed as clean and segregated ballast tanks which usually have more extensive corrosion control systems.

(4) Composition and Properties of Cargo
(a) Carriage of crude oil can result in the tank surfaces in contact with the cargo being coated with a "waxy" or "oily" film which is retained after cargo discharge. This film can reduce corrosion. Less viscous cargoes such as gasoline do not leave behind a similar film.

(b) Carriage of crude oil that has a high sulphur content can lead to high rates for general corrosion and bottom pitting corrosion. By reacting with water many sulphur compounds can form acids which are very corrosive. This will often mean that a water bottom dropping out of the cargo will be acidic and corrosive.

(c) Carriage of cargoes with high water content can increase corrosion rates.

(d) Carriage of cargoes with high oxygen content (eg. gasoline) can lead to high corrosion rates.

(e) Carriage of cargoes with low pH values (acidic) can lead to high corrosion rates.

(5) Time in Ballast
(a) For unprotected tanks, corrosion increases with the time in ballast.

(b) For tanks protected by anodes, the corrosion rate can be high for a short time while initially in ballast; oily films residual from carriage of crude oil can restrict the level of cathodic protection until the oily film dissipates from the anode surface and the anodes activate to designed current densities.
(c) Similarly for tanks protected by anodes, corrosion can be expected when tanks are empty and the system is ineffective.
(6) Humidity of Empty Tank
Empty tanks, e.g. segregated ballast tanks during laden voyages, can have high humidity and are thus susceptible to general atmospheric corrosion, especially if corrosion control is by anodes which are ineffective during these periods.
During prolonged tank-empty periods, such as lay-ups, maintenance of low humidity atmosphere in the tanks should be considered to minimise corrosion.
(7) Temperature of Cargo in Adjacent Bunker or Cargo Tanks
Carriage of heated cargoes may lead to increased general corrosion rates at the ballast tank side of a heated cargo tank/unladen ballast tank bulkhead. This may also apply for tanks adjacent to heated bunker tanks.
(8) Coating Breakdown
Intact coatings prevent corrosion of the steel surface.
However:—
(a) A local absence of coating (due to coating depletion, deterioration, damage, etc.) can result in corrosion rates similar or greater than those of unprotected steel.
(b) Holidays in coating can lead to pitting corrosion rates higher than for unprotected steel.
Periodic inspections at appropriate intervals and repair of coating as required are effective in minimising corrosion damage.
(9) Locations and Density of Anodes
(a) Anodes immersed in bottom water can afford protection against bottom corrosion.
(b) Anodes are not effective in reducing underdeck corrosion rates.
(c) Properly designed systems with high current densities may afford greater protection against corrosion.
(d) Electrical isolation or coatings, oily films, etc., on anodes can make anodes inoperative (see (5)(b) above); abnormally low wastage rates of anodes may indicate this condition.
(10) Structural Design of Tank
(a) High velocity drainage effects can lead to increased corrosion in the vicinity of cut-outs and some other structural details for uncoated surfaces.
(b) Horizontal internals and some details can trap water and lead to higher corrosion rates for uncoated surfaces.
(c) Less rigid designs, such as decreased scantlings and increased stiffener spacing, may lead to increased corrosion due to flexure effects, causing shedding of scale or loss of coating.
(d) Sloping tank bottoms (e.g. as with double bottom tanks) to facilitate drainage may reduce bottom corrosion by permitting full stripping of bottom waters.
(11) Gaslnerting
(a) Decreased oxygen content of ullage due to gas inciting may reduce corrosion of overhead surfaces.
(b) Sulphur oxides from flue gas inerting can lead to accelerated corrosion due to formation of corrosive sulphuric acid.
(12) Navigational Route
(a) Solar heating of one side of a ship due to the navigational route can lead to increased corrosion of affected wing tanks.

(b) Anodes used to protect crude oil/ballast tanks on voyages of short duration may not be effective due to insufficient anode polarisation period when high corrosion may occur (see (5Xb) above).

Taking into account all the possible factors which might be relevant to a particular tank, the surveyor should pay special attention to the following areas when looking for signs of serious corrosion:

(1) Horizontal surfaces such as bottom plating, face plates and stringers, particularly towards the after end of the structural element. The wastage may take the form of general corrosion or pitting. Accelerated local corrosion often occurs at the after bays and particularly in way of suctions.

(2) Deck heads and ullage spaces in uncoated ballast or cargo/ballast tanks (where anodes may not be effective) or non-inerted cargo tanks.

(3) Structure in way of lightening holes or cut-outs where accelerated corrosion may be experienced due to erosion caused by local drainage and flow patterns. Grooving may also take place on both horizontal and vertical surfaces.

(4) Areas in way of stress concentrations such as at toes of brackets, ends of stiff eners and around openings.

(5) Surfaces close to high pressure washing units where localised wastage may occur due to direct jet impingement.

(6) Bulkhead surfaces in ballast tanks adjacent to heated cargo or bunkers.

(7) Areas in way of local coating breakdown.

1.4.4 Corrosion Control Systems
An understanding of the various options available in corrosion control systems and their limitations will assist the surveyor in anticipating possible areas for corrosion problems and also in taking remedial action to limit the effects of the corrosion.

If serious corrosion has occurred, steel renewals may not be the only option available to maintain structural integrity. Installation or upgrading of a corrosion control system may be more attractive.

The following briefly reviews the various methods of corrosion control but is not intended as an exhaustive evaluation of such systems:

(a) Coating Systems
The importance of appropriate surface preparation and correct application of the coating material is vital to the overall success of any coating system.

The two principal types of tank coating system in use today on crude carriers are inorganic zinc and coal tar epoxy. Pure epoxy systems can also find application for product carriers for protection of the cargo tank and to avoid cargo contamination problems.

The inorganic zinc system acts as an anode to protect any pinhole failure in the original coating. However, the zinc is gradually consumed with time, and when failure occurs, it is very rapid. Inorganic zinc is affected by sulphur components of inert gas and sour crudes and therefore should not be used for cargo tanks. Inorganic zinc is best suited for segregated ballast service. It is not recommended for partial coating systems as the coating will act as an anode and will be consumed rapidly by the unprotected steel. It is also not recommended where recoating is required because of the difficulty in achieving the necessary standard of surface preparation.

Coal tar epoxy is usually the preferred choice for cargo tanks, partial coating systems and ballast tanks. It can also be used for recoating ballast tanks. Coal tar epoxies are not consumed and work by forming a protective barrier. In way of pinholes or other breakdown in the coating, pitting corrosion and grooving can occur, sometimes at a very high rate, particularly on horizontal platforms, bottom shell plating and under bellmouths. For this reason, it is often advisable that a supplementary anode system is fitted" to prevent the rapid penetration of pits in way of localised coating failures.

The fact that corrosion control systems have a limited life means that Owners who have taken the option of reduced scantlings because of the protection system installed, must be prepared to maintain or renew the system as breakdown occurs. In the past, inert gas has been accepted as a corrosion control medium for deckheads of tanks but particular care is required to ensure that this is giving effective protection, especially if reduced scantlings are adopted.

(b) Anode Systems
The basic principle of a cathodic protection system is that the anodes are preferentially corroded to save the steelwork. Steel corrosion is not stopped completely but, if a system is designed and installed correctly, the levels of corrosion are kept within tolerable limits. The anodes must, however, be renewed periodically as they waste away.

Anodes are only designed to be effective when immersed in sea water. The wastage rate is also highly dependent upon the position in the tank structure particularly in cargo/ballast tanks where sludge build-up may not be washed off by the washing guns due to shading by the tank structure.

The design of an anode system must be based upon a specific performance requirement such as polarization of the steel to give a required potential level in a given period of time, typically 2-5 days. This will define a required 'initial' current density to achieve polarization. The current density required after polarization has been achieved is the 'maintenance' current density. The location of anodes must take into account the expected output and throw from the anode.

Studies by some Owners have shown that anode system current density levels specified by vendors and reflected in some Class Rules may be below the level for adequate protection and they have adopted their own higher standards. It should be noted that ballast residence times for segregated and clean ballast tanks must be sufficient to justify installation of an anode system. Due account must be taken of the potentially high corrosion rates in segregated ballast tanks during laden voyages.

Anode material is generally of zinc. Other types of materials, for example aluminium, are limited because of the danger of sparks when dropped or struck, although these materials do offer better current output for the same weight. The use of anodes of aluminium have an installation height restriction in cargo tanks equivalent to a potential energy of 275 Joules which effectively limits their use to bottom structure and requires that falling objects do not strike them.

Magnesium alloy anodes are normally not accepted in cargo tanks. These anodes result in high production of hydrogen when immersed in sea water, thereby introducing an explosion/fire risk, and may be unacceptable to the Classification Society or authorities. Temporary use of magnesium anodes for descaling purposes should be undertaken with due regard to the risk involved.
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Survey Execution Guidelines
This section provides basic guidelines/or carrying out the five types of surveys introduced in Section 1. It addresses general planning requirements applicable to all surveys and describes the scope, additional planning requirements and data collection and reporting for the five survey types.

2.1   GENERAL PLANNING REQUIREMENTS
In preparing for any of the surveys, the Owner, the vessel operator, the shipboard personnel, the survey team and, where applicable, the Classification Society, must work together to ensure that the scope of work has been fully defined, that all equipment is ready and available and that the vessel carries out all preparations for the survey.

Generally, the survey team should study the vessel's structural arrangement and corrosion control systems, and review the vessel's operating history and that of sister ships, to determine any known potential problem areas particular to the class of ship. Sketches of typical structural elements such as web frames, stringers and bottom shell expansions should be prepared in advance so that any defects and ultrasonic thickness measurements can be recorded rapidly and accurately. An example of a set of these sketches for a wing tank of a VLCC is shown in Appendix V, Pan 3, Figures V.3.1 through to V.3.7. Although listed under the General Condition Survey, sketches of this type are applicable to all of the surveys.

An on-board, pre-inspection meeting with the Master should be arranged to discuss safety and scheduling and any other aspects of the survey.

12   CLASSIFICATION SOCIETY HULL SPECIAL SURVEY/IACS UNIFIED REQUIREMENTS
Operating oil tankers are required by Classification Societies to undergo a Periodical or Special Survey every four to five years. This Special Survey provides, among other things, an in-depth look at the structural condition of the vessel. Although the requirements vary somewhat among the various Classifica​tion Societies, a recent attempt has been made to set minimum standards for the Special Survey. These arc incorporated in the IACS Unified Requirements.

IACS Unified Requirements
The aim of the Unified Requirements for the Special Hull Surveys of Oil Tankers is to specify the minimum extent of overall and close-up surveys, thickness measurements and tank testing in the cargo area necessary to maintain a tanker in Class. The requirements were prepared by IACS and agreed by its Council in September, 1982. A copy of the Unified Requirements is contained in Appendix II.

The normal interval between each Special Survey is four years, but may be postponed for a maximum of one year subject to an overall survey of ballast and cargo tanks as deemed necessary. A continuous survey method may be considered provided all requirements of the special survey are completed within a five year period. Voyage surveys may be accepted provided the surveyor is given the necessary assistance.

The Unified Requirements call for the establishment of a programme in advance of the survey for vessels of length exceeding 200 metres. They also stipulate that certain information be readily available on board for the surveyor's use. This includes the cargo/ballast history, previous repair history, results of inspection by ship personnel, the extent of use of the inert gas plant and main structural plans.

The conditions for surveys concerning safety, access to the structure, and equipment are also defined in the Requirements.

Extent of Overall and Close-up Surveys
An overall survey of all tanks and spaces is to be carried out at each Special Survey. The intent is to report on the overall condition of the tank structure and determine the extent of additional close-up surveys and thickness measurements.

Close-up surveys are defined as surveys in which the details of structural components are normally within reach of hand of the surveyor. The minimum requirements for-close-up surveys are given in Table I of the Unified Requirements. The extent of close-up survey increases with vessel age. Special consideration may be given by the surveyor for tanks where coatings are found to be in a satisfactory condition. In all cases an additional close-up survey may be required at the discretion of the attending surveyor.

Extent of Thickness Measurements
The minimum requirements for thickness measurements are given in Table II of the Unified Requirements. These requirements also increase with vessel age and special consideration may also be given for tanks where coatings are found to be in satisfactory condition.

In addition to the thickness measurements specified in precise locations, sufficient measurements have to be taken on structural members subject to close-up survey for general assessment and recording of corrosion patterns. Thickness measurements also have to be taken in suspect areas. All gaugings are to be carried out within the 12 months prior to completion of the Special Survey.

A gauging plan is to be prepared showing the position of each measuring point, the thickness measured and the original thickness.

Extent of Tank Testing
The minimum requirements for tank testing are given in Table III of the Unified Requirements. The extent of tank testing increases with vessel age and, by Special Survey No. 3, all cargo tank bulkheads are to be tested.

The test pressure should correspond to a water level to the top of the access hatches for cargo tanks or to the top of the air pipes for ballast tanks.

Planning
Each Special Survey needs to be planned and coordinated with the Classification Society in accordance with their Rules, which now generally incorporate the IACS Unified Requirements. To aid to the under​standing of how the Unified Requirements apply to each Special Survey, illustrated examples have been prepared and included in Appendix V, Part 1. These show a typical selection of tanks for close-up survey, thickness measurement and tank testing for Special Surveys I to 4.

Appendix V, Part 2 contains examples of typical contents of a Planning Booklet for the IACS Special Survey. This is intended to satisfy the requirements of preparing a programme of survey in advance for vessels over 200 metres in length.

Data Collection and Reporting
The data collection for Special Survey is generally under the control and discretion of the attending surveyor. However, to ensure that reliable and accurate information is obtained, procedures (particularly for the gauging data collection) should be set down as outlined in Section 1 to ensure the highest possible confidence level in the data collected.

The use of standard data collection sheets such as those of Appendix V, Part 3 developed for the General Condition Survey, may also provide a satisfactory means for reporting the findings of the surveys.

2.3   GENERAL CONDITION SURVEY
Scope of Survey
The intent of this type of survey is to obtain an overall impression of the structural integrity and corrosion condition of the vessel's tanks in a relatively short period of time with minimum requirements for access for close-up inspection. The nature of the survey is such that it is difficult to give specific details of the scope of survey and data collection procedures as it may be undertaken for various reasons and at irregular time intervals. The report of the survey is generally a narrative of the findings with perhaps some detailed sketches of problem areas.

As a minimum to assess the general condition of a vessel, the survey should attempt to cover one tank of each type of cargo/ballast service (i.e. segregated ballast, cargo/clean ballast, cargo/dirty ballast and cargo only). This, however, can only be considered valid where the ballast history and corrosion control system for each type of service are similar. Otherwise, erroneous conclusions may be drawn. Where the service and corrosion control systems differ within a type of tank, additional tanks should be surveyed. Ideally, all tanks should be included in the survey programme.

Within each tank, inspection is generally restricted to areas readily accessible from ladders and walkways, such as stringer platforms and bottom structure.

Planning
Although the general condition survey is not intended to produce detailed measurements of the tanks' condition, the survey extent, timing, safety aspects, tank cleaning and access must be considered as with any other survey. On-board, pre-inspection meetings with the Master should be held before commencing tank entry and inspection.

To aid in the recording of data, a set of typical structural elements should be prepared as described in Appendix V, Part 3.

Data Collection and Reporting
As the inspection is a visual one, and does not allow for close-up inspection, the surveyor must ensure that he systematically looks at all important items on which the condition assessment will be based. In his report, he should specifically cover the following structural categories.

(1) Bottom shell included under bellmouths.

(2) Side shell.

(3) Longitudinal bulkheads.

(4) Transverse bulkheads.

(5) Swash bulkheads.

(6) Stringer platforms.

(7) Deckhead.

(8) Girder systems.

(9) Web frames and cross-ties.

Within each category he should note the following:

(a) Condition of coating or anodes (if any).

(b) Scale formation and evidence of general scaling.

(c) Global buckling in the grillage system or localized buckling of plating or stiffening.

(d) Fracturing of plating or stiffening.

(e) Corrosion rate (low, normal, high) and possible need for steel renewal.

(f) Flexing of local structure (often recognized by local shedding or the lack of scale).

(g) Pitting corrosion, and where possible the depth, diameter and intensity.

(h) Condition of piping and fittings.

(i) Condition of handrails, ladders and walkways.

0) Areas unseen due to sludge, sediment or water wedges or lack of access or lighting.

The report for this survey should fully describe the items listed above possibly with illustrations of problem areas which were identified. Figure V.3.8 is one example of a data sheet used by a tanker owner to help record survey findings.

2.4   DETAILED CONDITION SURVEY
Scope of Survey
The intent of these surveys is to perform a close-up inspection and thickness determination of sufficient structural elements in a tank, group of tanks or the entire vessel to assess the present condition, so that appropriate present and future repair action can be taken.

When conducted under the guidance of the appropriate Classification Society, the survey can also be planned so as to satisfy the Hull Special Survey Requirements including the IACS Unified Requirements. In this case, the Classification Society surveyor has the responsibility to ensure that the Classification Society requirements are fulfilled.

The timing and degree of intensity of these surveys can vary considerably. Generally, such a survey would not be performed on a new vessel, i.e. prior to first Special Survey, but should be considered as the vessel approaches second Special Survey. In this time range of about 8-10 years service, corrosion control systems may start to loose their effectiveness, and structural and corrosion problems may have developed to a point where identification and repair action is important.

The intensity of survey needed may vary between tank service types. For instance, segregated ballast tanks with coating systems in good condition would not normally need extensive gauging. However, if coating systems have failed, gauging would be in order. In cargo/ballast tanks, the amount of ballast service, and the condition of any corrosion control will help govern the intensity of survey required. Tanks seldom used for ballast would not normally need an intensive gauging survey until later in the vessel's life, although close-up visual survey for structural defects may be warranted.

This type of survey can be carried out while in dock or at sea. The at-sea version has been found.to be a viable option for most cases as access can be achieved by using rafts in ballasted tanks. If done in dock, staging may be required to reach upper areas of tanks, particularly on large vessels, thereby increasing the cost of survey.

For V/ULCC's, surveys of this nature could last anywhere from 10-25 days, and if done at sea, the length may actually be determined by the duration of the ballast voyage. For smaller vessels, the surveys are shorter due to less difficulties with access to structure. Five to seven days would normally be sufficient for a complete detailed condition survey of a handy-size vessel.

By performing periodic General Condition Surveys, sufficient information can be gained to plan the Detailed Condition Surveys.

Planning
Before a Detailed Condition Survey is undertaken, sufficient plans must be developed to ensure that all parties understand what is involved. The General Planning Requirements should be followed and an outline prepared of what is to be accomplished.
One result of this planning should be a diagrammatic layout of the vessel showing the tanks to be surveyed and a listing for each tank indicating the locations to be gauged. Appendix V, Part 4 contains information on the recommended extent and location of thickness measurements.
Any other supplemental information required should be specified in separate instructions to the survey team.
Data Collection and Reporting
The data is collected by a survey team composed of a surveyor and one or two ultrasonic engineers, depending on the size of the vessel and the time available for survey.

The surveyor has the responsibility of ensuring that all ultrasonic measurements are taken as planned. He is also responsible for checking the overall condition of each tank and performing close-up surveys as planned.

To obtain meaningful data from ultrasonic gaugings, care must be taken in adopting a systematic approach to the data collection. The number and extent of readings may have to be substantially increased if the effects of general rather than local corrosion rates are desired. The accuracy of the readings may significantly influence the perceived corrosion rate if the results are being compared with a previous survey or baseline taken within a short time span, e.g. 2-3 years. Guidelines for data collection, reporting forms and procedures are in Appendix V, Part 4.

2.5   CORROSION RATE SURVEY Scope of Survey
These are intended to collect information on corrosion rates being experienced by vessel structure and may cover specific structural components of specific tanks, or may seek more general information on corrosion rates of the entire vessel.

The scope is determined by the needs of the user and may come about as a result of a desire for general information on corrosion rates of a particular vessel, or because of findings of a General Condition Survey.

Planning
The primary objective of planning for this survey involves the identification of specific structural components to be measured. For the case of a general corrosion rate assessment of the entire vessel, the tanks selected for survey must be sufficiently representative of the various cargo/ballast services to guard against erroneous conclusions. The thickness measurements taken in way of specified key panels can be used to determine overall corrosion rates for structural areas.

A set of key plans should be prepared showing schematically all of the predetermined locations of structure to be measured during the survey.

Data Collection and Reporting
Each data panel indicated on the key plan should undergo ultrasonic thickness measurements and pitting assessment in accordance with the instructions for the corrosion data sheets given in Appendix V, Part 5. Also included in this part of the Appendix is a guide to the number and location of key data panels recommended to obtain a sufficient assessment of corrosion rate.

Each spot selected for measurement should be accurately located and recorded. Where possible, sufficient reference markings of point or centre-punches should be placed on the structure without interfering with the measuring points, so that the same locations can be found at the next survey. Each location should have a pre-assigned reference identification number.

The thickness measurements should be taken as accurately as possible as even slight errors can seriously affect the results. The type of instrument used for measuring should be noted and the same instrument type should be used in subsequent surveys. Where possible, the same personnel should be used to minimise factors contributing to measurement errors.

Some work has been done by Owners and research organizations in the past on the use of corrosion coupons or resistance probes to determine corrosion rate data. These may produce usable results but care must be taken in the numbers and locations used, otherwise unrepresentative data may result.

2.6   REPAIR SPECIFICATION SURVEY
Scope of Survey
The intention of this type of survey is to obtain sufficient detailed information to specify precise steel renewal requirements, structural repairs and reinforcements, corrosion control measures, etc., in order to prepare a detailed shipyard repair specification. This type of survey may be conducted as part of a detailed condition survey or may come about as a result of findings of other structural surveys.

Generally, this survey is more limited in scope than a detailed condition survey, focusing on a particular tank or area requiring repair action. The object is to collect more detailed information than was possible during other surveys so that an accurate repair specification can be written.

Planning
The planning of a repair specification survey will be dependent on the extent and immediacy of repair work. In cases of localised failures, inspection of adjacent spaces may also be necessary.

Data Collection and Reporting
The data collection guidelines are similar to the Detailed Condition Survey, but in general the data collected will be for specific areas of the tank and include precise data collection on steel thickness loss, coating failure or anode wastage, etc.

For steel renewal determination it is important that sufficient thickness measurements are taken to determine the true residual strength of the structure. The readings should be well documented and taken in accordance with accepted procedures. Examples of gauging patterns are given in Appendix V, Part 6.

The survey report should be produced in a form of sufficient detail to enable a repair specification to be compiled. This must incorporate an accurate assessment of material quantities and repair methods leading to cost estimates. In cases where detailed modifications are required, due cognizance should be given to the Catalogue of Structural Detail Failures of Appendix IV.

3
Survey Data Analysis Guidelines

3.1   METHOD OF ASSESSMENT
When all the necessary survey data and findings, with respect to overall and local corrosion, fractures and deformations have been collected, the residual strength of the ship should be evaluated and maintenance needs considered for a further period of operation. If the survey coincides with the Special Periodical Survey for Class, the further period of operation will, in general, be considered to be four to five years.

This assessment should be carried out using guidance from this chapter, and any additional information from the Classification Society. It should assure a continuing efficient structure with acceptable overall and local stress levels, margins against buckling and further corrosion losses, and should also safeguard against the consequence of new or repeated fractures. The rate of corrosion prior to the survey should be taken into account when making an assessment of the structure.

Such an assessment should conclude with any necessary recommendations concerning repairs, renewals and/or corrosion control provisions.

3.2   STRUCTURAL INTEGRITY
In addition to the application of specific allowable corrosion diminution values and buckling criteria, consideration has to be given to the possible consequences of failure and its effect, not only on the safety of the ship and personnel, but also on the environment.

The structural integrity of the corroded hull should be considered, taking into account guidance from the Classification Society on the basis for the initial scantlings since this will affect the allowable reductions based on stress levels and buckling. The assessment should address the integrity of localised areas of structure and also the overall strength of the hull girder.

The overall hull girder strength should be confirmed on the basis of the actual hull girder section modulus which may be assessed initially using an allowable area diminution at deck and bottom.

The integrity of corroded local structure may normally be considered by applying a percentage allowance of the thickness supplemented where necessary by the application of buckling criteria (see Table 1).

Any buckling found during the survey is important and should be taken as an indication of areas which require stiffening or renewal of material.

Any fractures found are normally to be repaired by part renewal of material or by welding. Structural modifications may also be advisable to avoid repetition of fractures (see Section 1.4 and Appendix IV relating to structural defects and proposed repairs).

Moderate plating indents between stiffeners may be acceptable provided they are outside the areas where buckling requirements are relevant, but deformations affecting stiffeners or primary structure are normally to be repaired.

Isolated local corrosion or pitting of the shell can lead to possible hull penetration. Isolated pits are not believed to influence the strength of plates or other structural members. When large areas of structure are affected, however, this will influence the strength and must be considered when assessing the residual mean thickness of material.

Extensive pitting corrosion will reduce the bending capacity of unstiffened plates significantly (the influence of pitting corrosion on buckling and tension capacity has not yet been investigated). The bending capacity reduction obtained from testing of plates with uniform machined pits suggests that the capacity reduction is roughly proportional to the loss of material.

3.3   ACCEPTANCE CRITERIA
All ships or groups of sister ships are individually designed. The scantlings may be based on different rule requirements applicable at the time of building, different construction requirements and practices of the builder and any special requirements requested by the initial Owner. These factors must be taken into account when considering corroded structure for acceptance and as a result specific values for allowable wastage will not always be applicable. The following criteria, therefore, are of a general nature only given for guidance and based on current practices of participating Classification Societies.

Table 1 indicates in column A the level of corrosion for individual structural members above which further assessment is required and also indicates the percentage corrosion loss above which steel renewals may be required in column B. The thickness to be used is the mean thickness of the panel between stiff eners or edges to take adequate account of local corrosion and pitting (see Section 1.3 on measurement procedures).

Where the measured mean thickness is equal to or below that corresponding to the allowance in column A of Table 1, the buckling requirements do not apply and the diminution is normally acceptable. Between columns A and B, buckling guidelines apply as indicated in the last column together with other considerations which may be applicable.

In some areas it is not possible to give general buckling guidance due to the variation in stress levels experienced and arrangements of stiffening fitted. In other cases, buckling is not considered to be a problem and here only one value of percentage diminution is given in and is included in column B.

Buckling criteria will vary significantly with differences in longitudinal strength stress levels associated with the original structure. Therefore, in general, only a range of applicable buckling guidelines has been included.

The range of values given in Table 1 for buckling requirements of longitudinal elements are based on normally applied stress levels. These requirements may be reassessed by the Classification Society concerned after special consideration of the particular ship or structure.

The basis for such consideration could, for instance, be that the relevant load and ballast conditions do not utilise the initially designed bending moments or the shear carrying capacity of the vessel, or that the initial reserve strength is above normal. It should be noted that the guidance figures given in the Table may be conservative if applied to small ships.

The allowable reduction in hull girder section modulus is determined for each ship by the Classification Society concerned, whose advice should be sought in each case. The International Association of Classification Societies' (IACS) Unified Requirement S7 (1980), shown as Figure 3.1, provides for a minimum section modulus of ships in service of 90% of the specified new ship minimum. In certain cases, however, a higher minimum modulus may be applicable because of the assigned value of the still water bending moment. For general guidance in these cases, the average maximum diminution of area at both the deck and bottom will normally be between 10% and 17 Vo.

S7  MINIMUM LONGITUDINAL STRENGTH STANDARDS!
I   (1973)
(Rev. 1 1976) (Rev. 2 1978)

S7.1    The minimum midship section modulus at deck and keel for ships 90 m -$ L >$ 500 m and made of hull structural steel is

[image: image3.png]Wmin = c¢LB(Cb + 0.7)k (cm?3)
where L = Rule length (m)

B = Rule breadth (m)
Cb = Rule block coefficient; Cb is not to be taken less than 0.6
¢ = cn for new ships
¢ = cs for ships in service = 0.9¢cn
on = 1075 — (30=E) ¥ for 0 m <L <300 m
= 10.75 for 300 m <L <350 m
= 1075 — (L—35° for 350 m <L <500 m
k = material factor
k = 1.0 for ordinary hull structural steel

k < 1.0 for higher tensile steel according to S4.




57.2    The minimum section modulus given in S7.1 is to be generally maintained throughout 0.41 amidships. However, it may be reduced away from the midship point provided that the stresses due to combined vertical still water and wave bending moments are not in excess of the permissible midship stress level of each individual Classification Society.

57.3    In ships where part of the longitudinal strength material in the deck or bottom area are forming boundaries of tanks for oil cargoes or ballast water and such tanks are provided with an effective corrosion protection system, certain reductions in the scantlings of these boundaries are allowed. These reductions, however, should in no case reduce the minimum hull girder section modulus for a new ship by more than 5%.

NOTE

The above standard refers to ships in unrestricted service with minimum midship section modulus only. However, it may not be applicable to ships of unusual type or design, e.g. for ships of unusual main proportions and/or weight distributions.

'New ships' are ships in the stage directly after completion. tThis Requirement is subject to periodical updating.

TABLE 1. GUIDELINES FOR CORROSIQN WASTAGE
The following Table provides guidance for the assessment of wastage data for local strength of structural components. The section modulus for overall strength must also be checked.

STRUCTURAL COMPONENT

% CORROSION (1) LOSS INDICATOR

BUCKLING GUIDELINES (LONGITUDINAL FRAMING)



A(2)

B(3)

Mild Steel

HTS 36


Deck and bottom plating and longitudinal girders

10

25

s/t = 55 to 60

s/t = 49 to 52


Webs of deck and bottom longitudinals

15

30

h/t = 50 to 65

h/t = 45 to 55


Flat bar longitudinal at deck and bottom (4)

10

25

h/t = 15 to 20

h/t = 15 to 17


Face plates and flanges of longitudinals and longitudinal girders

15

25

b/t = 10

b/t = 10


Side shell

—

20

(5)



Longitudinal bulkhead plating

15

25

s/t = 70 to 75

s/t = 60 to 79


Webs of side shell and longitudinal bulkhead longitudinals

—

25

(5)

(5)


Transverse bulkhead structure, transvcrses and side stringers

15

25

(6)

(6)


Remaining secondary structure

—

30

—

—


Notes
(1) Percentages are to be applied to original Rule thicknesses without corrosion allowance reductions for corrosion control notation.

(2) Column A refers to percent reductions above which further assessment is required.

(3) Column B refers to percentage reductions where steel renewals may be required.

(4) The deck and bottom plating and associated longitudinals are to include side and longitudinal bulkhead plating and associated longitudinals within 10% of the depth of ship from the deck and bottom respectively.

(5)  No buckling guidelines are given as the components are not usually limited by this.

(6) Due to the wide variation in stress levels and stiffening arrangements, no general guidance figure can be given. Individual guidance should be sought from the Classification Society concerned.

Definitions
t    =   thickness of structure after corrosion.

s    =   spacing between longitudinal stiffeners.

h    =   web depth of longitudinal stiffeners.

b    =   half-breadth of flange for symetrical sections, and the flange breadth for asymetrical sections.

3.4   REPAIR METHODS
3.4.1 General Corrosion
Typical patterns of corrosion are addressed in Section 1.4. If corrosion has taken place to the extent that some remedial action is necessary, there are three options available to the operator. If coating breakdown has occurred or corrosion has progressed, existing coatings can be replaced or renewed, or new coatings can be applied to arrest the corrosion.

Anodes waste with time protecting the steelwork, but they do not all diminish at the same rate. Owners should take every opportunity to inspect the tank anode systems and to replace them wherever wastage is beyond a certain point, e.g. 80% decayed. Every opportunity during any tank inspections should be taken to observe that anodes are correctly sited to provide maximum protection, preferably within sight of washing guns to keep the anodes free of sludge build-up in cargo/ballast tanks.

Due to the expense of steel replacement, this method of repair is often a last resort, especially when there is doubt as to the vessel's future. Steel replacement becomes necessary when general corrosion becomes greater than an accepted guidance minimum. In the case of buckled or physically damaged structure, new steel may be required when permissible deformations are exceeded.

3.4.2. Local Phenomena
Typical preferential corrosion is described in Section 1.4 of this manual. As well as the remedial options available for general corrosion, local effects such as pitting or grooving may be filled by welding. In some cases, corrosion in shallow pits may be arrested by filling with synthetic material.

Provided local effects are within acceptable limits, coating systems can be considered as a realistic option for repair. Secondary anode systems can also be added to protect coating systems in case of local breakdown. The fitting of small anodes in close proximity to affected plating is a possible solution where extra steel protection has been found necessary.

The repair of shallow pitting with an epoxy type of pitfiller material is becoming a viable alternative method of steelwork maintenance. Recent advances in adhesion and stability, as well as products capable of application to poorly prepared surfaces, can offer advantages over coating or welding over large areas. Repairs afloat by this method present less restrictions compared with welding, although the materials generally have a limited pot life for maximum effectiveness.

Welding of pitting corrosion is a generally accepted method of repair to bottom plating. However, this method is only suitable on a large scale in drydock where preparation, control of work and heat dissipation can be scrutinised, and where steel replacement is deemed unnecessary. The practice of welding afloat is generally limited to isolated deep pits, and only approved under special conditions using the correct electrode size and type for the steel grade in question. As an example, welding of isolated pits afloat may be contemplated for pit depths in the region of half of the plate thickness.
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Appendix I BACKGROUND TO FORUM ACTIVITIES

For some time the marine industry had lacked a suitable international forum for technical dialogue on the structural aspects of tankers. Shipowners have their own organisations such as OCIMF, INTERTANKO and ICS, while The Classification Societies have IACS. Shipowners and Classification Societies have, of course, always had a close relationship with regard to individual vessels and fleets, but a wider forum in which to discuss structural problems and share experience did not exist. Early in 1983 Shell International Marine took the initiative of inviting a group of Shipowners and Classification Societies to a meeting to discuss the formation of such a group. As a result of that meeting, the Tanker Structure Co-operative Forum was established with major Oil Companies, Independent Tanker Operators and Classification Societies having representation.

The principal objective of the Forum is the sharing of knowledge and experience in order to gain a better technical understanding of the performance of tanker structures in service. The Forum also aims to improve the technical basis for acceptance criteria used for determining when damage or corroded structure should be renewed. The general fields of interest covered by the Forum include corrosion, structural defects, inspection procedures and acceptance criteria. Since the emphasis of the Forum is on the service performance of the hull structure, it is anticipated that the work of the Forum will have relevance to new designs through the feedback of broad-based service experience as well as being directly applicable to current vessels.

The Forum consists of members from Classification Societies, Oil Companies and independent ship Operators. From the outset it was intended to keep to a small organisation while maintaining a balance in the total composition of members.

The Tanker Structure Co-operative Forum is managed by a Steering Committee currently meeting annually. The Forum tasks have been controlled with a Work Group divided into project groups of four or five member organisations.

The Forum Work Group initially considered the topics which would advance the state of the art including improved assessment of residual strength, hull integrity and sounder acceptance criteria; and the constituent elements associated with these subjects such as hull condition assessment and inspection procedures, experimental and theoretical analyses on the strength of pitted plates and corroded plates, crack propagation and hull girder loading. The Group then identified projects appropriate to the Forum and achievable in the short term.

The project work undertaken to date and incorporated where appropriate in this guidance manual has fallen into six elements covering inspection techniques, corrosion aspects and structural defects. A separate report of each of the projects (100 to 300) has been produced and is now freely available to non-members (deposited with National Maritime Research Center, New York).

Project 100 — Determination of Optimum Data Collection Procedures
As an extension of work undertaken by a Forum ad hoc group in 1983, this project group has developed guidelines for the extent of data collection necessary for various types of survey. Five survey types have been identified i.e. mandatory classification surveys (IACS Surveys) and four distinct surveys which may be carried out at the Owner's option — namely General Condition Survey, Corrosion Rate Survey, Detailed Condition Survey and Repair Specification Survey. Planning, execution and reporting aspects of these have been addressed. A standard format for reporting corrosion data has been proposed.

Z2.1.3.4 Where provided, condition of coating or corrosion protection of tanks is to be examined. Z2.1.4 Postponement of Special Survey

Z2.1.4.1 The Special Survey of the hull may be postponed for maximum one year subject to an Overall Survey of all ballast tanks, and centre and wing cargo tanks as deemed necessary.

Z2.1.4.2 Thickness measurements and tank testing are to be carried out as required for the forthcoming Special Survey as far as tanks are accessible during the survey.

Z2.1.5 Continuous Hull Survey

Z2.1.5.1 Continuous Survey may be accepted as an alternative to periodical Special Survey upon request from the Owners.

Z2.1.5.2 Normally, Special Survey requirements are to be carried out in regular rotation to complete all the requirements of the particular Special Survey within a five year period.

Z2.1.5.3 Prior to the commencement of the Continuous Survey, a programme of surveys is to be established, specifying the tanks which will be subject to regular rotation of surveys and taking account of annual, intermediate and postponed survey requirements.

For oil tankers exceeding 200 m in length the programme is to include the items specified in Z2.3.2.4. Z2.1.6 Owner's Records Onboard

Z2.1.6.1 The following information is to be readily available for the Surveyor's use in connection with the survey:

a) cargo and ballast history

b) previous repair history

c) inspections by ship's personnel with reference to

d) structural deterioration in general

e) leakages in bulkheads and piping

f) condition of coating or corrosion protection, if any

g) extent of use of inert gas plant

In addition, main structural plans of cargo and ballast tanks are to be available to the Surveyor.

Z2.2 Conditions and Means for survey

Z2.2.1 Conditions for Survey

Z2.2.1.1 The Owners are to provide the necessary facilities for a safe execution of the survey.

Z2.2.1.2 Tanks and spaces are to be gas free.

Z2.2.1.3 Tanks and spaces are to be sufficiently clean and free from water, scale, dirt, oil residues, etc. to reveal excessive corrosion, significant deformation, fractures, damages or other structural deterior​ation. In particular this applies to areas which are to be gauged.

Z2.2.1.4 Sufficient illumination is to be provided to reveal excessive corrosion, significant deformation, fractures, damages or other structural deterioration.

Z2.2.2 Access to Structures

Z2.2.2.1 For Overall Survey, means are to be provided to enable the Surveyor to examine the tank structure in a safe and practical way.

Z2.2.2.2 For Close-up Surveys, one or more of the following means for access, acceptable to the Surveyor, is to be provided:

— Permanent stages and passages through structures

— Temporary stages and passages through structures

— Lifts and moveable platforms

— Boats or rafts

— Other equivalent means

Z2.2.2.3 Oil tankers for which the request for survey during construction has been issued after 1st July 1983, are to be equipped with means of access in accordance with Item Z2.2.2.2 to meet the minimum requirements of Tables I, II and III.

Z2.2.3 Equipment for Survey

Z2.2.3.1 Thickness measurements are normally to be carried out by means of ultrasonic test equipment. The accuracy of the equipment is to be proven to the Surveyor as required.

Z2.2.3.2 One or more of the following fracture detection means may be required if deemed necessary by the Surveyor:

— Radiographic equipment

— Ultrasonic equipment

— Magnetic particle equipment

— Dye peneirant

Z2.2.4 Voyage Surveys
Z2.2.4.1 Voyage surveys may be accepted provided the Surveyor is given the necessary assistance from the personnel onboard. Necessary conditions and means for carrying out the survey are to be in accordance with Items Z2.2.1, Z2.2.2 and Z2.2.3.

Z2.2.4.2 A communication system is to be arranged between the survey party in the tank and the responsible officer on deck.

This system must also include the personnel in charge of Ballast pump handling if boats/rafts are used.

Z2.2.4.3 Explosimeter, oxygen-meter, breathing apparatus, life lines and whistles are to be at hand during the survey. When boats/rafts are used, appropriate life jackets are to be available for all participants.

Boats or rafts arc to have satisfactory residual buoyancy and stability even if one chamber is ruptured. A safety check-list should be provided.

Z2.2.4.4 Surveys of tanks by means of boats or rafts may only be undertaken at the sole discretion of the Surveyor, who is to take into account the safety arrangements provided, including weather forecasting and ship response in reasonable sea conditions.

Z2.3 Extent of Survey Z2.3.1 Review of Owner's Records Onboard
Z2.3.1.1 Prior to inspection, the Surveyor should examine the information referred to in Item Z2.1.6 and in particular review the previous repair history.

Z2.3.2 Extent of Overall and Close-up Surveys Z2.3.2.1 The minimum requirements for Overall and Close-up Surveys are given in Table I.

Z.2.3.2.2 The Surveyor may extend the Close-up Survey as deemed necessary, taking into account the maintenance of the tanks under survey and also in the following cases:

a) In particular, tanks having structural arrangements or details which have suffered defects in similar tanks or on similar ships.

b) In tanks which have structures approved with reduced scantlings due to an approved corrosion control system.

Z2.3.2.3 For tanks where coatings are found to be in a satisfactory condition, the extent of Close-up Surveys according to Table I may be specially considered, at the discretion of the Surveyor.

Z2.3.2.4 For oil tankers with length exceeding 200 m, a specific Survey programme is to be worked out in advance of the Special Survey. The programme requires to include access and staging arrangements taking into account the minimum requirements of Table I, II and III. A gauging plan as required by Item Z2.3.3.8 is to be available for the preparations.

Z2.3.3 Extent of Thickness Measurements

Z2.3.3.1 The minimum requirements for thickness measurements are given in Table II.

Z2.3.3.2 The Surveyor may extend the thickness measurements as deemed necessary.

Z2.3.3.3 The gaugings are to be carried out within 12 months prior to completion of the Special Survey.

Z2.3.3.4 For tanks where coatings are found to be in a satisfactory condition, the extent of thickness measurements according to Table II may be specially considered, at the aiscretion of the Surveyor.

Z2.3.3.5 Transverse sections should be chosen where largest reductions are suspected to occur or revealed from deck plating measurements.

Z2.3.3.6 In cases where two or three sections are to be measured, at least one should include a ballast tank within 0.5 L amidships.

Z2.3.3.7 Gaugings are normally to be carried out under the supervision of the Surveyor. However. the Surveyor may accept gaugings not earned out under his supervision provided the gaugings (or the gaugings remaining after the survey for postponement of the Special Survey) are carried out within 12 months prior to completion of the Special Survey.

The Surveyor may re-check the measurements as deemed necessary to insure acceptable accuracy.

Z2.3.3.8 A gauging plan is to be prepared. The plan is to give the position of each measuring point, the thickness measured as well as corresponding original thickness. Furthermore, the plan is to give the date when the measurements were carried out, type of measuring equipment, names of personnel and their qualifications.

Z2.3.3.9 If a continuous survey cycle is applied, the thickness measurements are to be carried out according to the time and procedure of the periodical Special Survey.

Z2.3.4 Extent of Tank Testing
Z2.3.4.1 The minimum requirements for tank testing are given in Table III.

Z2.3.4.2. The Surveyor may extend the tank testing as deemed necessary.

Z2.3.4.3 Generally, the pressure should correspond to a water level to the top of access hatches for cargo tanks, or top of air pipes for ballast tanks, if this gives a higher pressure.

Z.2.3.4.4 Tightness of pipe tunnels and void spaces may be confirmed by an air test.

Table I
Table of minimum requirements to overall and close-up surveys at special hull surveys of oil tankers
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Overall Survey of all tahks
and spaces

~. Close-up Survey:

a) One complete
transverse web frame
ring including adjacent
structural members (in
one ballast tank, if
any, or a cargo tank
used primarily for
water ballast)

b) One deck transverse
including adjacent deck
structural members in
one cargo wing tank

<) Lower part of the
girder system including
adjacent structural
members on one trans-
verse bulkhead in one
ballast tank, one cargo
wing tank and one
cargo centre tank

1. Overall Survey of all tanks
and spaces

2. Close-up Survey:

a) All complete transverse
web frame rings includ-
ing adjacent structural
members in one wing
tank (in one ballast
tank, if any, or a
cargo tank used
primarily for water
ballast)

b) One deck transverse
including adjacent deck
structural members in
each of the remaining
ballast tanks, if any

¢) One deck transverse
including adjacent deck
structure in one cargo
wing tank and two
cargo centre tanks

d) The complete girder
system including adja-
cent structural mem-
bers on the transverse
bulkheads in one wing
tank (in one ballast
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primarily for water
bailast)
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girder system including
adjacent structural
members on one trans-
verse bulkhead in each
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ballast tanks, one
cargo wing tank and
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1. Overall Survey of all tanks
and spaces
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a) All complete transverse
web frame rings includ-
ing adjacent structural
members in all ballast
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wing tank

b) One complete
transverse web frame
ring including adjacent
structural members in
each remaining cargo
wing tanks and one
bottom and one deck
transverse in each
cargo centre tank

¢) The complete girder
system including adja-
cent structural mem-
bers on the transverse
bulkheads in all cargo
and .ballast tanks

1. Overall Survey of all tanks
and spaces

2. Close-up Survey as for
Special Survey No. 3 with
additional transverses as
deemed necessary by the
Surveyor




Appendix HI

INTERNATIONAL SAFETY GUIDE FOR OIL TANKERS AND TERMINALS

EXTRACT:

Chapter 10. Entry into and work in enclosed spaces*

Chapter 10
Entry into and Work in Enclosed Spaces

This Chapter describes the tests to be carried out to determine whether or not an enclosed space is safe for entry. The conditions for entry are set out as well as the precautions to be taken while work is being carried out in enclosed spaces. The Chapter also covers breathing apparatus for use in unsafe atmospheres and rescue from enclosed spaces. Terminals should preferably use these guidelines in a similar way but may be subject to different national requirements. Masters should therefore be aware that different regulations may be in force in port areas.

10.1   HAZARDS
10.1.1 Hydrocarbon Gas
During the carriage and after the discharge of volatile petroleum, the presence of petroleum gas should always be suspected in empty compartments for the following reasons:

Petroleum may have leaked into compartments, including pumprooms, cofferdams, permanent ballast tanks and tanks adjacent to those that have carried cargo.

Petroleum may remain on the sides and bottoms of tanks that have been discharged, even after cleaning and ventilation.
Sludge and scale in a tank which has been declared gas free may give off further gas if disturbed or subjected to a rise in temperature.

Petroleum may remain in cargo and ballast pipelines and pumps which are opened for renewal of gaskets, glands etc.

Similarly, the presence of gas should also be suspected in empty tanks or compartments if non-volatile petroleum has been loaded into non-gas free tanks, or if there is a common ventilation system which could allow the free passage of petroleum gas from one tank to another.

10.1.2 Oxygen Deficiency
Lack of oxygen is always to be suspected in compartments that have been closed for some time, particularly if they have contained water, have been subjected to damp or humid conditions, have contained inert gas or are interconnected with other incited tanks. Entry must never be permitted without breathing apparatus until such compartments have been thoroughly ventilated and test readings indicate an oxygen level of 21% by volume throughout.

10.1.3 Other Hazards
These include toxic hazards due to the presence of e.g. benzene and hydrogen sulphide (see Chapter 15), for which appropriate tests and precautions should be taken. The risk of injury due to poor lighting, slippery surfaces, unguarded openings etc. should also be borne in mind and appropriate precautions taken.

10.2   GAS TESTS FOR ENTRY OR WORK
10.2.1 General
A decision to enter a compartment where there has been or could be gas should only be made after
investigation with approved gas testing equipment which has itself recently been checked.
It is essential that all gas testing equipment used is suitable for the test required, is of an approved type, is correctly maintained and, where appropriate, is frequently checked against standard samples. A record should be kept of all maintenance work and calibration tests carried out, and of the period of their validity. Gas testing should be done only by personnel who have been trained in the use of the equipment and are sufficiently knowledgeable to interpret the results correctly.

Care should be taken to obtain a representative cross-section of the compartment by sampling at several depths and through as many deck openings as practicable. When tests are being carried out from deck level, ventilation should be stopped.

Even when tests have shown a tank or compartment to be safe for entry, pockets of gas should always be suspected. Hence when descending to the lower part of a tank or compartment further gas tests should be made. Regeneration of gas should always be considered possible even after loose scale has been removed.

While men remain in a tank or compartment, ventilation should be continued and frequent gas tests appropriate to the work in hand or to any change in conditions should be made. In particular, tests should always be made before each daily commencement of work or after any interruption or break in the work. Tests should also be so arranged that a result representative of the conditions of the entire space is obtained.

10.2.2 Hydrocarbon Gas
To be safe for entry, whether for inspection, cold work or hot work, a reading of not more than 1 % LFL must be obtained on a suitable combustible gas indicator (see Sections 8.3.4 and 8.3.5).

10.2.3 Benzene
It is difficult to determine in practical terms the level at which benzene as a component of petroleum products starts to present a hazard, but in the absence of statutory regulations or advice concerning the specific cargo it is prudent to check for benzene vapour before entering tanks which have contained petroleum products such as motor gasolines, special boiling point products, solvents etc. to ensure that the threshold limit value (TLV) of 10 parts per million is not exceeded (see Section 15.4).

Tests for benzene at this concentration can only be made with a special indicator. A combustible gas indicator is not suitable for this purpose.

10.2.4 Hydrogen Sulphide
Although a tank which has contained sour crude or sour products will contain hydrogen sulphide, general practice and experience indicate that the TLV for hydrogen sulphide of 10 parts per million will probably not be exceeded in the tank atmosphere if the tank is washed and ventilated and tests for hydrocarbon gas show the quantity present to be not more than 1% LFL. It would still be prudent, however, to test the hydrogen sulphide content prior to entry. Hydrogen sulphide may also be encountered in pumprooms and appropriate precautions should therefore be taken (see Section 2.16).

10.2.5 Oxygen Deficiency
Before entry is allowed into any compartment, tank or space which has been closed for any length of time, the atmosphere should be tested with an oxygen analyser to check that the normal oxygen level in air of 21% by volume is present.

On a vessel fitted with an inert gas system, the atmosphere of any space, tank or compartment which has been previously inerted, or is adjacent to an inerted tank, or is interconnected in any way with the inert gas system or an inerted tank, should always be tested with an oxygen analyser before entry to check that there is no oxygen deficiency.

10.2.6 Toxic Components of Flue Gas
The dilution of the toxic components of flue gas during gas freeing can be monitored by implication using the methods described in Section 9.6.11.

10J   BREATHING APPARATUS
10.3.1 General
Breathing apparatus must always be used whenever emergency entry is made into a space which is known to contain toxic gas or smoke, or to be deficient in oxygen. It should also be used if there is a possibility that any of these conditions may exist or occur during the period of occupation.

Entry into an enclosed space under these conditions should, however, only be permitted in exceptional circumstances and when there is no practicable alternative (see Section 10.4.6).

Breathing apparatus is designed to provide the user with an adequate supply of air. The air can either be carried by the user in portable cylinders or supplied through a hose from a source of fresh air.

Gas masks and canisters of the type which depend on chemical absorbents to protect the user from poisonoMs gases do not give piotection against petTotevnn gas in high concenttations w against oxygen deficiency. Gas masks do not manufacture or provide oxygen. They should never be used in place of breathing apparatus.

10.3.2 Fresh Air Breathing Apparatus
This breathing apparatus consists of a hose leading from a source of fresh air to the face mask worn by the user, although earlier outfits, which are still in service, have a helmet fitting over the head of the user instead of a face mask. Air is usually forced along the supply hose by bellows or a rotary pump.

When using this equipment the following precautions are necessary:

The air supply point must be in fresh air.

All hose couplings and terminal connections must be tight.

The face mask or helmet must be checked and adjusted to ensure that it is airtight.

The bellows or blower must be checked to ensure that it is delivering a positive pressure.

A positive pressure must be maintained to the mask or helmet throughout the period of use.

The total length of air hose used should not exceed 37 metres.

The user should keep his air line clear of projections.

If the user has reason to suspect the efficiency of the equipment he must leave the compartment immediately.

10.3.3 Self Contained Breathing Apparatus
This consists of a portable supply of compressed air contained in a cylinder or cylinders attached to a carrying frame and harness worn by the user. Air is provided to the user through a face mask which can be adjusted to give an airtight fit. A pressure gauge indicates the air pressure in the cylinder and an audible alarm sounds when the supply is running low. Air is admitted to the face mask through a demand valve which opens when the user inhales. The demand valve can be by-passed giving an additional flow of air into the face mask. The use of this by-pass valve causes rapid depletion of the air cylinder and on this type of equipment it should normally be kept closed.

If the equipment is of the positive pressure type, no by-pass valve is needed since the air supply system is designed to keep a positive pressure in the face mask at all times.

When using the equipment the following precautions are necessary:

The face mask must be checked and adjusted to ensure it is airtight.

The pressure gauge must be checked before use.

The audible low pressure alarm should be tested before use.

The pressure gauge should be read frequently during use to check the air supply.

Ample time should be allowed for getting out of the hazardous atmosphere. In any event the user must leave immediately the low pressure alarm sounds. It should be remembered that the duration of the air supply depends on the weight of the user and the extent of his exertion.

If the user has reason to suspect the efficiency of the equipment he must leave the compartment immediately.

10.3.4 Air line Breathing Apparatus
Air line breathing apparatus has been developed to enable compressed air equipment to be used for longer periods than would be possible using self-contained equipment alone and to give easier access to confined compartments.

The apparatus consists of a face mask supplied with compressed air through a small diameter air hose. Air from a compressor is suitably filtered and its pressure reduced to the design pressure required to supply air to the face mask. Because of the small diameter of the air hose, it is essential that the air pressure does not fall and the supply should be adjusted to maintain a constant pressure. If the compressor fails to maintain this pressure, the supply must be switched over to compressed air bottles provided for such an emergency. The user should then be signalled to leave the compartment.

The air line pressure gauge and the control for changing over to an alternative supply must be under the constant supervision of a responsible person who has received instruction in the procedure required.

It is recommended that a completely separate supply of clean air should be available under the direct control of the user.

When using the equipment the following precautions are necessary:

The face mask must be checked and adjusted to ensure that it is airtight. The working air pressure should be checked before use. The audible low pressure alarm should be tested before use. The user should keep his air line clear of projections. The length of air hose used should not exceed 90 metres.

If the user has reason to suspect the efficiency of the equipment he must leave the compartment immediately, switching over to an alternative supply of air, if available.

10.3.5 Maintenance
All types of breathing apparatus should be examined and tested by a responsible officer at regular intervals. Defects should be made good promptly and a record kept of repairs. Air bottles must be refilled as soon as possible after use. Masks and helmets should be cleaned and disinfected after use.

10.3.6 Stowage
Breathing apparatus should be stowed fully assembled in a place where it is readily accessible. Air bottles should be fully charged and the adjusting straps kept slack. Units should be sited so as to be available for emergencies in different parts of the ship or the jetty as appropriate.

10.3.7 Training
Practical demonstrations and training in the use of breathing apparatus should be carried out to give personnel experience in its use. Only trained personnel should use self-contained and air line breathing apparatus since incorrect or inefficient use can endanger the user's life.

10.4   CONDITIONS FOR ENTRY INTO ENCLOSED SPACES
10.4.1 Notices
Suitable notices should be prominently displayed to inform personnel of the precautions to be taken when

entering tanks or other enclosed spaces and of any restrictions placed upon the work permitted therein.

10.4.2 Cargo Tanks
No one should enter cargo tanks unless an entry permit has been issued by a responsible officer who has ascertained immediately before entry that the tank atmosphere is in all respects safe for entry. Before issuing an entry permit the responsible officer should ensure that:

The appropriate atmosphere checks have been carried out.

Effective ventilation will be maintained continuously while men are in the tank.

Lifelines and harnesses are ready for immediate use.

Approved breathing apparatus and resuscitation equipment are ready for use at the entrance to the tank.

A separate means of access is available where possible for use-as an alternative means of escape in an emergency.

A responsible member of the crew is in constant attendance outside the tank in the immediate vicinity of the entrance and in immediate contact with a responsible officer. In the event of an emergency, under no circumstances should the attending crew member enter the tank before help has arrived. The lines of communication for dealing with emergencies should be clearly established and understood by all concerned.

10.4.3 Cofferdams, Double Bottoms and Other Enclosed Spaces
Before entry is allowed into cofferdams, double bottoms or other enclosed spaces, they should be thoroughly ventilated to ensure an adequate oxygen level, and tests should be carried out with an oxygen analyser. An entry permit signed by a responsible officer should be issued.

Toxic gas should always be suspected in cofferdams and double bottoms into which volatile petroleum may have leaked. The same precautions as for entry into cargo tanks should therefore be observed (see Section 10.4.2).

10.4.4 Pumprooms
The precautions for entry set out in Section 2.16 should be observed.

10.4.5 Evacuation from Enclosed Spaces
If any of the conditions stated on the entry or work permit becomes unsafe after personnel have entered the tank, space or compartment, they should leave immediately and not re-enter until the safe conditions stated on the permit have been restored.

10.4.6 Non-Gas Free and Suspect Compartments
It is stressed that entry into tanks which are known to be non-gas free or oxygen deficient can only be permitted in exceptional circumstances and when there is no practicable ^alternative. In this highly hazardous situation, the personnel involved must be well trained in the use of breathing apparatus and aware of the dangers of removing their breathing apparatus while in the hostile atmosphere.

When it is necessary to enter a tank or compartment where it is suspected that the atmosphere contains toxic gas or is deficient in oxygen, or that these conditions are likely to occur during the period of occupation, an officer should be responsible for continuous supervision of the operation and should ensure that:

A permit has been issued by the master stating that there is no practicable alternative to the proposed method of entry and that such entry is essential to the safe operation of the ship.

Ventilation is provided where possible. Personnel use breathing apparatus and lifeline.

The number of persons entering the tank is kept to a minimum consistent with the work to be performed.

Means of communication are provided and a system of signals is agreed and understood by the personnel involved.

Spare sets of breathing apparatus and resuscitators are available outside the compartment, and a standby party is in attendance in case of emergency.

Any essential work that is to be undertaken is carried out in a manner that will avoid creating an ignition hazard.

10.5   WORK IN ENCLOSED SPACES
10.5.1 General Requirements
All conditions for entry, including the issue of an entry permit, or work permit if appropriate, must be observed.

Before work is undertaken, a check should be made that there is no loose scale, sludge, or combustible

material in the vicinity which, if disturbed or heated, could give off toxic or flammable gases. Effective ventilation should be maintained and, where practicable, directed towards the area concerned.

10.5.2 Opening up Equipment and Fittings
Whenever cargo pumps, pipelines, valves or heating coils are to be opened, they should first be flushed with water. Even then there is a possibility thai some cargo may remain which may be a source of further gas. Special care must therefore be taken whenever such equipment is opened up, and additional gas tests should be made.

10.5.3 Use of Tools
Tools should not be carried into compartments by personnel but lowered in a canvas bag or bucket to avoid the possibility of their being dropped. Before any hammering or chipping is undertaken or any power tool used, the responsible officer should be satisfied that there is no likelihood of petroleum gas in the vicinity. See Chapter 2 for general precautions relating to hand tools.

10.5.4 Electric Lights and Electrical Equipment
Unless a compartment is gas free for hot work, i.e. the gas concentration is not more than 1 % LFL and all sludge, scale and sediment that might form a source of gas have been removed, electric lights or electrical equipment (other than approved air driven lamps) must not be taken into the compartment unless the lights or equipment are intrinsically safe or are contained in an approved explosion-proof housing (see Section 2.4).

In port, any local regulations concerning the use of electric lights or electrical equipment should be followed.

10.5.5 Removal of Sludge, Scale and Sediment
Before removal of sludge, scale or sediment begins, tests with a combustible gas indicator should give a reading of not more than 1 % LFL. Periodic gas tests should be made and continuous ventilation should be maintained throughout the period during which men are in the compartment.

There may be increases in gas concentration in the immediate vicinity of the work, and care should be taken to ensure that the atmosphere remains safe for personnel.

10.5.6 Cold Work
To be safe for cold work, tests with a combustible gas indicator should give a reading of not more than 1% LFL and it is advisable to remove any sludge, scale or sediment from the area in and around which the work is to take place.

When cold work is to be undertaken alongside a terminal, the terminal representative should be consulted as a work permit may need to be issued.

10.5.7 Hot Work
Immediately before hot work is undertaken the compartment should be ventilated until tests with a combustible gas indicator give a reading of not more than 1 % LFL. All sludge, scale and sediment should be removed from an area of at least 10 metres around the area of hot work, including reverse sides of frames, bulkheads etc. Other areas that may be affected by the hot work should also be cleaned, e.g. the area immediately below the place where the hot work is being undertaken.

Periodic gas tests should be made while the hot work is in progress and before the resumption of work after a break. Continuous gas alarm detectors may be used as an additional safeguard. A suitably trained firewatcher should be in attendance in the compartment while any hot work is in progress.

All pipelines to a tank being worked on should be isolated, and adjacent tanks and spaces should be rendered safe by gas freeing, inerting, or filling with water. Other tanks which may not be gas free should be closed. An adjacent bunker tank containing fuel may be considered safe as long as tests on the ullage space in the bunker tank with a combustible gas indicator give a reading of not more than 1% LFL. Checks must be made to ensure that there is no ingress of flammable gases or liquids, toxic gases or inert gas from adjacent tanks or spaces by leakages into the working space. If the hot work could cause heat transfer through a common bulkhead, the adjoining space should either be filled with water or fuel to well above the level at which work is being done, or incited, or gas freed with all combustible residues on the bulkhead removed.

Hot work on pipelines and valves should only be permitted when the appropriate section has been detached from the system by cold work and the open ended sections of the remaining system have been sealed off. The section of pipe to be worked on should be gas free to asafe-for-hot work standard. Heating coils should be flushed and opened to ensure that they are gas free.

Concurrent pumping of cargo or ballast, tank washing and any other operations utilizing the cargo system should be stopped.

Adequate fire extinguishing equipment should be laid out ready for immediate use.

When alongside a terminal, no hot work should be allowed until the terminal representative and, where appropriate, the port authority have been consulted and approval obtained, as the issue of a hot work permit may be required (see Sections 4.12.4 and 4.12.5).

A similar system of hot work permits should be adopted at sea (see Section 2.8.3).

10.5.8 Inflatable Work Boats
Only purpose-built inflatable work boats of an approved type are to be used for tank repair work and tank inspections. Before and during their use the following precautions should be taken:

If the tanks are connected by a common venting system, or an IG system, the tank in which the boat is to be used should be isolated to prevent a transfer of gas to or from other tanks.

The appropriate atmosphere checks should be carried out.

All tank washing apertures should be opened and effective ventilation maintained continuously while men are in the tank.

Adequate lighting of an approved type, such as air-driven lamps, should be available. The work boat should only be used when the water surface in the tank is calm.

The work boat should only be used in tanks containing clean ballast water. The water level in the tank should be either stationary or falling; on no account must the level of the water be rising while the boat is in use.

A responsible person should act as lookout at the top of the tank and, if the boat is working at a point removed from the tank hatch, an additional lookout should be positioned down the access ladder at a point where he has a clear view of the boat.

Approved breathing apparatus and resuscitation equipment should be ready for use at the entrance to the tank.

All personnel working in the compartment should wear a buoyancy aid.

The lines of communication for dealing with emergencies should be clearly established and understood by all concerned.

A tank entry permit should be issued.

10.5.9 Outside Contractors
The master or terminal operator should satisfy himself that whenever outside contractors or work gangs are employed, arrangements are made to ensure their understanding of and compliance with all relevant safe working practices, and that they are effectively supervised and controlled by a responsible officer.

10.6   RESCUE FROM ENCLOSED SPACES
When an accident involving injury to personnel occurs in an enclosed space, the first action must be to raise the alarm. Although speed is often vital in the interest of saving life, rescue operations should not be attempted until the necessary assistance and equipment have been obtained. There are many examples of lives having been lost through hasty, ill-prepared rescue attempts.

Preliminary organization is of great value in arranging a quick and effective response. Lifelines, breathing apparatus, resuscitation equipment and other items of rescue-equipment should always be kept ready for use and a trained emergency team should be available.

Whenever it is suspected that an unsafe atmosphere has been a contributory factor to the accident, breathing apparatus and, where practicable, lifelines must be used by persons entering the space. A code of signals should be agreed in advance.

The officer in charge of the rescue should remain outside the space, where he can exercise the most effective control.

It is imperative that every member of a rescue team should know what is expected of him, and regular drills and exercises in rescue from enclosed spaces should be carried out.

10.7   RESUSCITATION
All terminal and tanker personnel should be instructed in resuscitation techniques for the treatment of persons who have been overcome by toxic gases or fumes, or whose breathing has stopped from other causes such as electric shock or drowning.

Some tankers and terminals are provided with special apparatus for use in resuscitation. This apparatus can be of a number of different types. It is important that personnel are aware of its presence and that instructions are given in its use.

The apparatus should be stowed where it is easily accessible and not kept locked up. The instructions provided with it should be clearly displayed on board ship in the following places:

With the apparatus.

In the officers' accommodation.

In the hospital or medicine locker.

The apparatus and the contents of cylinders should be checked periodically. Adequate spare bottles should be carried.
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