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Hygiene  

Diving equipment, due to its nature and the fact that it might be stored in a 

damp condition, creates an environment where micro-organisms including 

fungi, yeasts, bacteria and viruses, can multiply rapidly. 



7 
 
Where equipment is shared between individuals, i.e. diving helmets and masks, 

there is potential for the spread of infectious agents from user to user, 

producing potentially life-threatening conditions, particularly in those 

individuals who may be predisposed to allergy. 

Therefore, when equipment is shared, more frequent periodic disinfection 

would be appropriate, including the rinsing and disinfection of mouthpieces and 

oral nasals between dives. 

 

Figure 1: KM Oral Nasal parts being cleaned  

It is common practice to share diving helmets among the dive team.  It may be 

possible to issue each diver with his own oral-nasal mask and to fit it prior to his 

dive.  However, the microphone and nose clearing pad would need to be 

changed too.  If this is not practical, the oral nasal mask, the microphone, nose 

block and the expiratory part of the demand regulator should be sanitised after 

each use by applying approved cleaning agent, covering with a clean cloth and 

allowing sufficient soak time, in accordance with the manufacturers’ 

requirements, before rinsing with fresh water. Personal neck dams and hat 

liners are preferred.   All neck dams and hat liners should be sanitised between 

uses 

Post dive cleaning and inspection should be performed at the end of daily diving 

operations or at least every 24 hours during continuous diving operation. 



8 
 
Disinfection and hygiene procedures should be reviewed and approved by the 

contractor’s specialist diving medical advisers. 

Rinsing 

The use of clean potable water for rinsing is essential. The aim of rinsing is to 

flush away any minute deposits, which could act as nutrients for microbial 

growth. Rinsing also removes any growth that might already be forming. Where 

the quality of the available water is in doubt, sterile or bottled water should be 

used. Sterile water can be purchased, or a suitable alternative can be produced 

by boiling and then leaving water to cool directly before use. This cooled boiled 

water can be stored for later use in sealed containers that have been treated 

with sterilising tablets. 

Drying 

Humid and moist conditions encourage the growth of micro-organisms. It is 

therefore important that after rinsing the equipment is allowed to dry 

completely. Whilst the priority is to ensure complete drying, the quality of the 

air in which the equipment is dried should also be considered to minimise the 

potential for recontamination. Drying equipment inside an enclosed, clean and 

dry room with circulating air (e.g. with a fan) provides the best conditions. 

Where this is not feasible, the decision on the drying site should consider 

exposure to airborne contaminants. 

Storage 

Once cleaned and dried, the equipment should be stored in a clean and dry 

environment. There should be adequate air circulation to minimise the potential 

for condensation. 

In general, the sanitiser recommended by the equipment manufacturer should 

be used for diving equipment.  The selection of sanitiser for chamber 

disinfection should be decided in co-operation with the Diving Medical 

Adviser.  The final decision may be a difficult balance of disinfection efficacy, 

toxicological profile, off-gassing properties and corrosive or other deteriorating 

effects on the equipment.  However, this general advice can be given: 

Dirty surfaces should initially be cleaned with a neutral detergent. 

Select a disinfectant/sanitiser tested for efficacy against Coronavirus or 

approved by the relevant national public health authority.  In the absence of 
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such approval, the sanitiser should be tested against standard EN 16777:2018 or 

EN-14476:2013+A2:2019.  Rely+On Virkon® and Chemgene HLD4H® are two 

such products, commonly used in saturation, meeting these requirements. 

The sanitiser needs sufficient contact time to reliably disinfect the 

surface.  While 1-2 minutes is sufficient for 75% ethanol (letting ethanol film dry 

out at room temperature), a sanitiser like Rely+On Virkon® and Chemgene 

HLD4H® will require 10 minutes’ contact time to work efficiently.  Adhere to the 

manufacturers’ instructions to ensure sufficient contact time. 

The disinfectant and equipment manufacturer’s guidelines need to be closely 

followed to ensure that the dilution of disinfectant and the contact time (time 

which the disinfectant is in contact with the surfaces of the equipment) is 

adequate. Excessive contact times or insufficient dilution might damage 

equipment, while the opposite might reduce the disinfectant’s effectiveness. 

 Helmet/face mask manufacturers should also be consulted for their cleaning 

and disinfection guidelines, but checks should be made to ensure that the 

disinfectants that will be employed are in line with the recommendations above. 

Sanitisers (aka “disinfectants”) recommended by helmet manufacturers may not 

have been “tested for efficacy against Coronavirus or approved by the relevant 

national public health authority.” 

Quick Sanitising Procedure 
The Quick Sanitising Procedure should be accomplished if possible between 

dives when two or more divers are making consecutive dives with the same 

helmet 

To maximize germ killing action, all internal surfaces that come in contact with 

the exhalation gas need to be thoroughly wetted with the sanitizing solution 

and kept wetted for at least 10 minutes then thoroughly rinsed. Use the 

following procedure to disinfect the Oral Nasal Mask, Demand Regulator, Nose 

Clearing Pad; 

Wet or immerse all components to be sanitized with appropriate disinfectant 

solution. Allow to stay in contact with the solution for at least 10 minutes while 

lightly scrubbing over the components with a nylon brush or clean dishrag to 

help remove mucus or saliva build up. 
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After 10 minutes, thoroughly rinse components under running potable water 

while brushing or rubbing 

Allow to dry or pat dry with clean towel 

Post Dive Cleaning Procedure 

Post dive cleaning and inspection should be performed at the end of daily diving 

operations or at least every 24 hours during continuous diving operation. 

To sanitize the breathing system properly, the regulator clamp, screw and 

diaphragm must be removed so that the interior of the regulator can be cleaned 

and sanitizing solution can be flushed through the exhaust valve and whiskers. 

 

Figure 2: Checking the diaphragm  

Dive Lab® RECOMMENDED POST DIVE CLEANING PROCEDURE 

Secure and bleed down gas supplies. Disconnect and cap or tape the Helmet Gas 

Connections and disconnect the communication wires. Cap or tape the 

Umbilical End. 
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Figure 3: Disconnecting hoses and cables before cleaning  

Remove Demand Regulator Clamp, Cover, Diaphragm Assembly, Oral Nasal 

Mask and Nose Clearing Pad. Wash the interior of the Demand Regulator with 

mild detergent and fresh water, then rinse thoroughly. 

 

Figure 4: Remove Demand Regulator  

Wash the exterior surface of the helmet with a solution of mild detergent and 

fresh water. Allow parts/components to soak for at least 5 minutes, and then 

scrub using a nylon brush then rinse. 

Rinse in fresh water; soaking in fresh water will ensure all the soap is rinsed off. 

Inspect for signs of damage. 
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Figure 5: Rinse in fresh water 

Remove the Head Cushion Assembly. If head Cushion has gotten wet with 

perspiration or water, clean and hang-up for drying/airing. 

Wash helmet liner in soap and water, rinse in fresh water and drip dry only. 

 

Figure 6: Wash helmet liner  

Remove earphone covers and the microphone from the Oral Nasal Mask. Wash 

with a mild detergent solution and rinse with fresh water and allow to dry. 
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Figure 7: Wash the Comms 

Lay out all components. Allow enough time to dry before storing. 

 

Figure 8: Drying 

Clean the Neck Ring, Assemblies (SL17K, 17C, 27, KM-37, 47, 57, 77) with mild 

detergent solution, thoroughly rinse with fresh water. 
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Figure 9: Neck dam 

Diving Physics  
Humans readily function within the narrow atmospheric envelope present at 

the Earth’s surface and are seldom concerned with survival requirements. 

Outside the boundaries of the envelope, the environment is hostile and our 

existence depends on our ability to counteract threatening forces. To function 

safely, divers must understand the characteristics of the subsea environment 

and the techniques that can be used to modify its effects. To accomplish this, a 

diver must have a basic knowledge of Physics. Of particular importance to a 

diver are the behaviour of gases, the principles of buoyancy, and the properties 

of heat, light, and sound. 

Our experience gained as a diver, and diving supervisor would always involve 

unconscious use of diving physics, yet time and time again incidents occur that 

have foundation lapses of the basic principles and knowledge gained during the 

journey of gaining experience. Typically, incidents involving the use of buoyancy 

and lift bags, pressure differentials, available emergency air/ gas happen to 

often. Enjoy this module you should find it easy, but remember it is 

complacency that leads to errors and incidents.  

1. Pressure in Diving 

2. Temperature in Diving 

3. Light & Sound Underwater 

4. The Archimedes Principle & Buoyancy 

Pressure in Diving 

Atmospheric Pressure 

Atmospheric pressure is a force in an area pushed against a surface by the 

weight of the air above a.k.a. the atmosphere of Earth. This pressure varies with 

altitude. At higher altitudes where there is less air above, the atmospheric 

pressure is lower. At lower altitudes where there is more air above, the 

atmospheric pressure is consequently higher. In diving, for the purpose of 

calculating requirements, the mean sea-level pressure is always used to denote 

atmospheric pressure. 
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Figure 10: Atmospheric Pressure  

Underwater Pressure 

As water depth increases so does the weight of the water acting on the diver 

and this results in an increase in pressure. As water is considerably denser than 

air, for every 10 meters (33 feet) of sea water the pressure will increase by 1 

ATM/Bar. 

 

Figure 11: Subsea pressure 
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Gauge Pressure 

Pressure above atmospheric pressure is gauge pressure. Most pressure gauges 

measure differential pressure between the inside and outside of the gauge. 

Thus, the atmospheric pressure does not register on the pressure gauge of a 

cylinder of compressed air. The initial air in the cylinder and the gauge are 

already under a base pressure of one atmosphere (14.5 psi or I bar). The gauge 

measures the pressure difference between the atmosphere and the increased 

air pressure in the cylinder. This reading is called gauge pressure. 

 

Absolute Pressure 

Absolute pressure is total pressure exerted at a point in a fluid equalling the 

sum of the gauge and the atmospheric pressures. In diving, absolute pressure 

can be described as underwater pressure plus atmospheric pressure and can be 

expressed as; 

 

The pressure of seawater at a depth of 10 metres equals 1 BAR. The absolute 

pressure, which is a combination of atmospheric and underwater pressure for 

that depth, is therefore 2 BAR. For every additional 10 metres of depth, another 

atmosphere of pressure (1 BAR) is encountered. Thus, at 30 metres, the 

absolute pressure is equal to 4 BAR. 
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Figure 12: Depth & Pressure  

Absolute pressure must be used in all partial pressure calculations, all diver gas 

consumption calculations and all chamber temperature calculations. Absolute 

pressure is the pressure of the water or equivalent in a submersible 

decompression chamber (SDC) or deck decompression chamber (DDC), plus the 

one atmosphere surface pressure. 

It is sometimes useful to work with the absolute pressure measured 

in msw or fsw. This is known as ‘absolute depth’. 

 

Temperature in Diving 

Thermal challenges are among the most common issues divers will encounter 

during or in between dives. The reason for this is that our core temperatures 

have to stay within a certain, narrow range for our bodies to function properly. 

Hypothermia, Hyperthermia and Heat stroke are some of the heat challenges 

that can result from prolonged exposure to extreme temperatures. 
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A diver may lose his body heat by conduction, convection or radiation, but 

mostly by conduction and least by radiation. 

 

Figure 13: Conduction 

Conduction - the transfer of heat between two surfaces that are in direct 

contact. The heat flows from the warmer object to the cooler one, until they are 

both the same temperature. Solids are better conductors than liquids and 

liquids are better conductors than gases. Water conducts heat about 25 times 

faster than air, this is why we can get cold even in seemingly warm water. 
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Figure 14: Convection 

Convection - heat transfer between liquids and gases during which warmer 

areas of a liquid or gas rise to cooler areas in that liquid or gas. Cooler liquid or 

gas then takes the place of the warmer areas which have risen higher. This 

process is ongoing, which means that as the diver’s body heats the water 

around it, this warm layer moves away to be replaced with cooler water that the 

body must also warm. 
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Figure 15: Radiation 

Radiation - the process by which a warm body emanates heat energy into its 

environment without any contact between the heat source and the heated 

object. 

Upon immersion, a diver begins losing heat via conduction. The rate of loss is 

proportional to the temperature difference between the points of contact and 

depends on the type of exposure protection used. Then the diver faces 

convective heat loss due to the movement of water around him/her. 

Another factor that contributes to greater heat loss when diving is breathing. 

The air we inhale is around the ambient water temperature, and our lungs 

warm it, expanding more heat. For this reason, breathing generally accounts for 

about a quarter of our body's heat loss in the form of exhaled warm air. What’s 

more, as the diver goes deeper, the density of the breathing gas increases, 

which means that the heat loss from exhaling increases as well. 

Heat loss is further aggravated when high thermal conductivity gases, such as 

helium-oxygen, are used for breathing. Under these circumstances, standard 

insulating materials are insufficient to maintain body temperatures and 

supplementary heat must be supplied to the body surface and respiratory gas. 

Diver Body Temperature 

A diver will start to become chilled when the water temperature falls below a 

seemingly comfortable 70°F (21°C). Below 70°F, a diver wearing only a 

swimming suit loses heat to the water faster than his body can replace it. Unless 

he is provided some protection or insulation, he may quickly experience 

difficulties. A chilled diver cannot work efficiently or think clearly, and is more 

susceptible to decompression sickness. The effects of cold water include; 

The ‘Cold Shock’ effect occurs immediately the diver enters the water. The body 

temperature regulating mechanism will at first attempt to warm up the 

extremities by increased blood flow. Later vasoconstriction takes place at the 

extremities and these areas will become much colder as the body attempts to 

preserve core temperatures, resulting in loss of manual dexterity, hand-eye co-

ordination and reduction in decision-making ability. 
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Hypothermia is the condition in which the core temperature drops below that, 

required for normal metabolism and body functions. When the body loses heat 

faster than it can produce heat, hypothermia is said to set in. 

High water temperatures also pose hazards to the diver on the comparatively 

rare occasions when they are met. The diver is liable to heat exhaustion when 

the heat generated by the body cannot be dissipated. This risk is present in 

water exceeding 30°C for a working diver, and in water exceeding 35°C for a 

diver at rest. 

 

Figure 16: Cold water diver  

Absolute Temperature 

For gas calculations. it is necessary to use an absolute scale of temperature. This 

is a temperature scale based on Absolute Zero. 

Absolute Zero is the temperature when there is no heat energy left in a body. In 

other words, it is impossible to get any colder. It has been calculated as -273.16 

°C (-459.69 °F) but this is a theoretical value and cannot be reached in practice. 

Absolute Temperature is the temperature measured from Absolute Zero. For 

degrees Celsius, the absolute temperature is in degrees Kelvin. For degrees 

Fahrenheit, it is in degrees Rankin. 

Absolute Temperature (°K) = Temperature in °C + 273 
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Absolute Temperature (°R) = Temperature in °F + 460 

Light & Sound in Diving 

LIGHT 

Refraction, turbidity of the water, salinity, and pollution all contribute to the 

distance, size, shape, and colour perception of underwater objects. Divers must 

understand the factors affecting underwater visual perception, and must realize 

that distance perception is very likely to be inaccurate. 

Refraction 

Light from an object bends as it passes through the diver’s faceplate and the air 

in his mask. This phenomenon is called refraction, and occurs because light 

travels faster in air than in water. Refraction causes objects to appear larger and 

closer. At greater distances, the effects of refraction may be reversed, making 

objects appear farther away than they actually are. Reduced brightness and 

contrast combine with refraction to affect visual distance relationships. 

 

Figure 17: Refraction underwater  

Turbidity of Water  

Turbidity is a measure of the degree to which the water loses its transparency 

due to the presence of suspended particulates. Water turbidity can profoundly 

influence underwater vision and distance perception.  The more turbid the 

water, the shorter the distance at which the reversal from underestimation to 

overestimation occurs.  For example, in highly turbid water, the distance of 

objects at 3 or 4 feet may be overestimated; in moderately turbid water, the 
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change might occur at 20 to 25 feet and in very clear water, objects as far away 

as 50 to 70 feet might appear closer than they actually are. In clear water the 

object will appear to be larger and closer, but in turbid water, it will appear 

smaller and further away. This is called visual reversal. 

 

Figure 18: Turbidity  

Diffusion 

Light scattering is intensified underwater. Light rays are diffused and scattered 

by the water molecules and particulate matter. diffusion interferes with vision 

and underwater photography because the backscatter reduces the contrast 

between an object and its background.  The loss of contrast is the major reason 

why vision underwater is so much more restricted than it is in air. 

 

Figure 19: Light Diffusion subsea  

Colour Visibility 

Object size and distance are not the only characteristics distorted underwater. 

Water absorbs colours of the light spectrum as light rays travel through the 
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water, and this is called absorption. Red is the first colour absorbed, followed by 

orange, yellow, green, blue, indigo, and violet. A useful way to remember this 

order is "ROY-G-BIV." Water depth is not the only factor affecting the filtering of 

colours. Salinity, turbidity, size of the particles suspended in the water, and 

pollution all affect the colour-absorption properties of water. 

 

Figure 20: Light and colours subsea  

SOUND 

In shallow water or in enclosed spaces, reflections and reverberations from the 

air/water and object/water interfaces produce anomalies in the sound field, 

such as echoes, dead spots, and sound nodes. When swimming in shallow 

water, among coral heads, or in enclosed spaces, a diver can expect periodic 

losses in acoustic communication signals and disruption of acoustic navigation 

beacons. The problem becomes more pronounced as the frequency of the signal 

increases. Because sound travels so quickly underwater (4 times faster in water 

than in air), human ears cannot detect the difference in time of arrival of a 

sound at each ear. Consequently, a diver cannot always locate the direction of a 

sound source. This disadvantage can have serious consequences for a diver or 

swimmer trying to locate an object or a source of danger, such as a powerboat. 
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Figure 21: Sound subsea 

Archimedes Principle of Buoyancy 

An object wholly or partially immersed in a fluid (gas or liquid) is buoyed up by a 

force equal to the weight of the fluid displaced by the object. 

 

Figure 22: Archimedes Principle  

Buoyancy 

There are two forces acting on an object in the water: 

Up-thrust from the water - which tries to make it float 

Down-thrust – (object weight) - which tries to make it sink 

Upthrust is also known as buoyant force and can be calculated with the 

equation; 
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Upthrust = Volume of water displaced x Density of water 

Downthrust which is equals to the weight of the object can be calculated with 

the equation; 

Downthrust = Volume of the object x Density of the object 

 

Figure 23: Buoyancy in Commercial Diving 

Calculate Lift in Metric 

A block of concrete, 2 m x 3 m x 4 m, is lying on the seabed. The density of the 

concrete is 3000 kg/m³. How much force is required to lift the block clear of the 

seabed? Assume that the block is lying on a hard gravel bottom, so there are no 

suction problems. 

During a dive, the inert gas in the diver’s breathing mixture is absorbed into 

his/her tissues. The amount of gas absorbed depends on the partial pressure of 

the gas (Henry’s Law), the type of tissue and the time. After a specific time, 

which depends on the type of gas and the pressure, the diver’s tissues become 

saturated with gas and no more is absorbed. 

If the diver should then ascend too quickly, this dissolved gas will separate from 

the diver’s tissues and form bubbles. These bubbles produce mechanical and 
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biochemical effects that lead to a condition known as decompression illness 

(DCI) or the bends. 

As a diving supervisor, you may or may not already be a trained and qualified 

IMCA Diver Medic. Understanding the information in this module will assist you 

in recognizing the onset tell-tale signs and symptoms of decompression 

illnesses, their cause, treatment and prevention 

 

Figure 24: Air bubbles  

Mechanism of DCI 

 

Figure 25: Decompression Sickness  

Decompression Sickness (DCS) 
As a diver ascends toward the surface the inert gas partial pressure in the lungs 

decreases. When the partial pressure of dissolved inert gas in the body is higher 

than the partial pressure of inert gas in the lungs, the tissues become 

supersaturated. This negative pressure gradient causes dissolved inert gases to 

come out of the diver’s body tissues and form gas bubbles within the body. 

These bubbles produce the symptoms of decompression illness. The amount of 
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gas dissolved in a liquid is described by Henry's Law, which indicates that when 

the pressure of a gas in contact with a liquid is decreased, the amount of that 

gas dissolved in the liquid will also decrease proportionately. 

On ascent from a dive, inert gas comes out of solution in a process called "out-

gassing" or "off-gassing". Under normal conditions, most off-gassing occurs by 

gas exchange in the lungs. If inert gas comes out of solution too quickly to allow 

outgassing in the lungs, then bubbles may form in the blood or within the solid 

tissues of the body. The formation of bubbles in the skin or joints results in 

milder symptoms, while large numbers of bubbles in the venous blood can 

cause lung damage. The most severe types of DCS interrupt — and ultimately 

damage — spinal cord function, leading to paralysis, sensory dysfunction, or 

death. 

When diving on air (21% oxygen and 79% nitrogen), slightly less than half of the 

nitrogen is dissolved in water in the body, slightly more than half in fat. Fat only 

makes up about 15% of normal body weight, but nitrogen is five times more 

soluble in fat than in water. Typically, nitrogen dissolving in the water of the 

body reaches saturation in about one hour. Nitrogen dissolving in the fat takes 

several hours. Fat requires much more nitrogen to become saturated and has a 

relatively poor blood supply. 

Arterial Gas Embolism (AGE) 
When a diver holds his/her breath during an ascent the reduction in pressure 

will cause the gas to expand (Boyle’s Law) and the lungs will also have to expand 

to continue to contain the gas. If the expansion exceeds the normal capacity of 

the lungs, they will continue to expand elastically until the tissues reach their 

tensile strength limit, after which any increase in pressure difference between 

the gas in the lungs and the ambient pressure will cause the weaker tissues to 

rupture, releasing gas from the lungs into any permeable space exposed by the 

damaged tissue. This could be the pleural space between the lung and the chest 

walls, between the pleural membranes, and this condition is known as 

pneumothorax.  

The gas could also enter the interstitial spaces within the lungs, the neck and 

larynx, and the mediastinal space around the heart, causing interstitial or 

mediastinal emphysema, or it could enter the blood vessels of the venous 

pulmonary circulation via damaged alveolar capillaries, and from there reach 

the left side of the heart, from which they will be discharged into the systemic 
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circulation. On the way out through the aorta the gas may be entrained in blood 

flowing into the carotid or basilar arteries. If these bubbles cause blockage in 

blood vessels, this is arterial gas embolism. Sufficient pressure difference and 

expansion to cause this injury can occur from depths as shallow as 1.2 metres. 

Types & Symptoms of DCS 

Historically two types of DCS were generally recognised – Type 1 or pain only 

DCS and Type 2 or serious DCS. The latter affects the central nervous system 

and is far more dangerous, although the symptoms may seem trivial. There is a 

current school of thought that does not differentiate between type 1 and type 2 

DCS. All DCS is caused by insult to the body through gas release; the extent, 

location and duration will determine the nature and severity of the resulting 

symptoms. 

TIME COURSE OF SYMPTOMS 

 Decompression sickness usually occurs after surfacing. If the dive is particularly 

arduous or decompression has been omitted, however, the diver may 

experience decompression sickness before reaching the surface. After surfacing, 

there is a latency period before symptoms appear. This may be as short as 

several minutes to as long as several days. Long, shallow dives are generally 

associated with longer latencies than deep, short dives. For most dives, the 

onset of decompression sickness can be expected within several hours of 

surfacing 

Type 1 PAIN ONLY DCS 

Pain only DCI is likely caused by bubble formation in muscles or joints. Pain, 

which is often severe, occurs at the site of bubble formation. Skin bends are 

caused by bubble formation in the fat layers under the skin. The diver will 

experience an itching sensation and a rash may develop. Minor pains or twinges 

are often described as ‘niggles’. They are, nevertheless, DCS and must be 

treated accordingly. 
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Figure 26: Signs and symptoms DCS 

Type 2 SERIOUS DCS 
Serious DCS is caused by bubble formation in the central nervous system (CNS). 

The symptoms may be minor – pins and needles or a slight numbness – but they 

must be treated with the utmost seriousness. Serious DCS is often difficult to 

differentiate from arterial gas embolism especially if it comes on quickly. 

Consideration must be given to gas load, rate of ascent, potential for pulmonary 

barotraumas, speed of onset of symptoms and so on. 

Spinal DCS, for example, is caused by bubble formation in the spinal cord or in 

the sheath covering the cord. Typical symptoms are numbness or tingling in the 

extremities, pain around the waist, loss of bladder or bowel control, a feeling of 

weakness in the legs or paralysis below a certain level. If the condition is 

untreated, a portion of the spinal cord will be permanently damaged. Although 

the nervous system may be able to bypass the damage and restore the 

functions, its capacity for repair is reduced. Next time, the diver may face 

permanent loss of sensation or permanent paralysis. 

If bubbles lodge in the brain, the diver can display symptoms ranging from 

simple irritability to hallucination or paralysis down one side of the body. Any 

unusual behaviour may be a symptom of cerebral DCS and a full neurological 

check must be carried out. 
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Vestibular DCS is caused by bubble formation in the inner ear. The symptoms 

are loss of balance, nausea and vertigo. There is often a ringing or roaring noise 

in the ears. This type of DCS is sometimes associated with a change from 

helium-oxygen mixtures to air, or deep excursions from saturation. 

Although not involving the Central Nervous System, the condition known as 

‘chokes’ is included as serious DCS because it is immediately life threatening. 

The diver is unable to breathe properly because large numbers of bubbles have 

formed in the pulmonary circulation which can result in rapid onset hypoxia, 

hypercapnia, and death. Chokes are rarely seen in modern diving and are 

usually associated with a blow up, or rapid decompression. Breathing difficulties 

may also occur if bubble formation is interfering with the breathing reflex in the 

brain. 

 

Figure 27: Signs & Symptoms Chokes  
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Pulmonary Barotrauma 

Interstitial Emphysema 

The escaping gas travels through the tissue layers into the space between the 

lungs (the mediastinum), or below the skin under the arms or at the base of the 

neck. Gas bubbles can sometimes be felt and seen under the skin. 

The diver may feel pain behind the breastbone and a sensation of fullness in the 

throat. His voice may be hoarse. He will normally be treated in hospital. If this 

happens in sat, the decompression profile may need to be altered to cope with 

expansion of gas. 

 

Figure 28: Pulmonary Barotrauma 

 

Pneumothorax 
This literally means ‘air in the chest’. Gas escapes from the lungs into the space 

behind the ribs (pleural space). Under normal conditions, the lungs adhere to 

the back of the ribs by suction. The escaped gas breaks the suction, allowing all 

or part of a lung to collapse. 

In serious cases, the victim will feel pain in the chest in the area of the collapse 

and may have breathing difficulties. His chest will move unevenly when 

breathing and, because the collapsed lung restricts circulation, the blood vessels 

in the neck may be swollen. This condition may develop further into a tension 

pneumothorax where the air pressure build-up compresses the lungs further 

and all mediastinal tissues and the heart are displaced to the opposite side of 
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the chest. His breathing rate may increase and blood pressure would drop 

significantly. 

If the victim is under pressure in a chamber, he must not be decompressed 

without medical assistance. As the decompression proceeded, the volume of 

gas in the chest would expand, collapsing the lung further. Collapse of both 

lungs is, of course, fatal. 

A doctor, or suitably trained medic, can equalise pressure by inserting a hollow 

needle between the ribs (thoracocentesis). The lung is normally re-inflated in 

hospital. 

 

Figure 29: Pneumothorax 

 

Arterial Gas Embolism (AGE) 
This is one of the most serious pressure related injuries. Gas from the lungs 

enters damaged blood vessels in the form of bubbles. Because the damage 

occurs during a blow up, the ambient pressure is reducing rapidly and the 

bubbles increase in size as they travel though the bloodstream. They are carried 

first to the heart and then through large blood vessels to the brain. They lodge 

in the smaller vessels supplying the brain, restricting circulation and causing 

serious damage to the central nervous system. 

The diver may suffer from paralysis, visual disturbance, loss of balance, 

convulsion or collapse. The symptoms are rapid in onset, usually occurring 

within five minutes of surfacing and the condition is often fatal. 
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The only effective treatment is immediate pressurisation. The exact depth of 

pressurisation will be given in the company manual. This will compress and 

reduce the size of the bubbles and allow the circulation to re-establish itself. 

CPR may be necessary during transport to the chamber and during 

pressurisation. No attempt should be made to decompress the diver without 

medical advice. He may require several days to stabilise and there may be other 

complications such as pneumothorax. 

Treatment, Prevention & Precautions 

Treatment 

The only satisfactory treatment is recompression and eventual decompression 

using a therapeutic table. This always includes treatment with a high partial 

pressure of oxygen. It is usual to treat all cases as serious DCI since some are 

often masked by pain. A case of pain-only DCI can develop into serious DCI. 

Nerves and tissues are damaged by DCI and it is important to start treatment 

promptly. Cases treated within 30 minutes have a 90% success rate. A delay of 5 

hours reduces the success rate to only 50%. If the delay is over 12 hours the 

success rate is low. A full neurological check should be carried out, using the 

checklist supplied by the company. 

Delays sometimes occur because the diver is unwilling to report his symptoms. 

This may be due to inexperience, a reluctance to return to the chamber or even 

a fear of missing a crew change. Pain is often described as a sore, pulled or stiff 

muscle. The only way to check is to pressurise the diver. If the symptoms 

disappear, it is DCI. 
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Figure 30: DCS Table 1  
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Figure 31: DCS Table 2  

 

Prevention 

Decompression Tables 
In general, DCI is avoided by the correct use of decompression tables. The 

longer and deeper the dive, the longer the decompression will take. Even if the 

decompression table is followed exactly, however, there is still a risk of DCI. The 

tables are for an "average" diver. Individual susceptibility can depend on age, 

fitness, obesity, cold, fatigue, local restrictions to circulation and even emotional 

stress. It is industry practice to select a table deeper or longer than the actual 

dive to provide a margin for error. 

No strenuous work after Decompression 

After a successful decompression, the bloodstream is still full of "silent" 

bubbles, detectable only by ultrasonic techniques. Hard exercise after the 

decompression can cause the bubbles to coalesce and cause DCI. The diver 

should never be asked to carry out any work during decompression stops and 

should avoid hard physical effort after decompression, which may initiate DCI. 

Flying after Diving 

Restrictions on flying after diving will be stated in the dive plan. DMAC 07 

Revision 2 gives the following restrictions for flying after diving. 

 

Figure 31: Flying after diving  
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Exposure Limits for AIR & NITROX 
In surface supplied diving, the incidence of DCI drops if the length of time that a 

diver spends at a particular depth is limited. Many companies therefore impose 

an exposure limit, typically the USN Tables “O” repetitive group.  In many parts 

of the world, such as the North Sea, either governments or clients may impose 

specific depth and time limits. 

If a nitrox breathing mixture is being used, the maximum exposure can be found 

by entering the equivalent dive depth (EAD) of the maximum dive depth in the 

table. 

 

Figure 32: Bottom time limits  

Precautions 

Decompression Procedure 
Decompression will be carried out according to procedures and tables provided 

by the company. If in-water stops are planned, there should be a contingency 
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plan to deal with aborted decompression due to emergency or deteriorating 

weather conditions. Contingency plans should also include a procedure for 

safely recovering a diver who has been accidentally delayed for a bottom time in 

excess of that shown in the table. 

If surface decompression is planned, the deck crew must be briefed on their 

duties and the procedures to ensure that the divers can enter the chamber as 

rapidly as possible. It is usual to have the main chamber already pressurised and 

blow the divers down in the outer lock. The outer lock should then be brought 

back to surface in case it is required for an emergency. 

"Bend Watch" 

After decompression, the divers will normally be required to stay close to the 

chamber for a period specified in the dive plan, in case they suffer from 

decompression sickness. 

Return to Diving After DCI 
Decompression illness may result from exposure to a high-risk dive profile or 

from individual characteristics, which may act as important risk factors e.g. 

patent foramen ovale (PFO). Divers who have sustained an episode of 

decompression illness are likely to be at greater risk of having an episode in the 

future than the general diving population. 

The final decision to return to diving should be made by a diving medicine 

specialist taking into account the nature of the incident, the type of diving which 

may be undertaken in the future and the risk to the diver of serious injury from 

a future episode. It may require investigation for the presence of individual risk 

factors. The diver should be made fully aware of the issues involved. 

The following guidance provides recommended minimum time intervals for 

returning to dive after different forms of decompression illness. In some cases, 

longer intervals may be appropriate or necessary in order to complete the 

investigations required (e.g. injection of bubble contrast for echocardiography 

may carry an increased risk if conducted shortly after an episode of 

decompression illness). The recommended minimum time interval begins after 

completion of successful treatment (when there are no residual manifestations). 

A) Limb pain, or non-specific manifestations only (e.g. persistent headache, 

excessive fatigue, loss of appetite, nausea) 
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With uncomplicated recovery: 7 days 

After recurrence or relapse requiring further recompression: 14 days. 

B) Neurological or pulmonary manifestations 

Sensory disturbance ONLY (paraesthesia or loss of sensation): 28 days.  

        Return to diving only after review by a diving medicine specialist. 

All other neurological or pulmonary symptoms: 3 months.  

        Return to diving only after review by a diving medicine specialist. 

C) Cutaneous and lymphatic manifestations without neurological involvement, 

i.e. skin rash with severe itching or marbling (Cutis Marmorata) or swelling of 

tissues: 28 days. Return to diving only after review by a diving medicine 

specialist. 

D) Pulmonary barotrauma resulting in a pneumothorax or 

mediastinal/subcutaneous emphysema. Following appropriate investigation, 

including HRCT of chest, a diver may be considered fit to return to diving, but no 

earlier than 3 months after complete recovery. Return to diving only after 

review by a diving medicine specialist. 

E) In cases where there are residual neurological manifestations, even after 

repeated treatment, the diver should be considered unfit for occupational 

diving. 

Physics Review  
In diving there are several rules that one must follow so as to not result in harm 

or even death. All of these rules are associated with the laws of Physics. In this 

module we will look at the behaviour of gases that affect the diver. Gases are 

affected by temperature, pressure, and volume. The relationship among these 

factors have been defined as the Gas Laws. These laws that are of special 

importance to divers are Dalton’s Law, Boyle’s Law, Charles’ Law, and Henry’s 

Law. 

The formulas and methods shown here provide a solution to understand and 

calculate the requirement. However, there are several other methods (formula) 

known that would result in the same correct answer that also can be used. If 
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you use other methods, which you know and the correct result is achieved then 

continue to use the method that you are most familiar with. 

Gas Laws 

Boyle’s Law 

Charles’ / Gay-Lussac’s Law 

The General Gas Law 

Dalton’s Law 

Henry’s Law 

Boyle's Law 

Boyle’s law states that at constant temperature, the absolute pressure and the 

volume of gas are inversely proportional. As pressure increases the gas volume 

is reduced; as the pressure is reduced the gas volume increases. Boyle’s law is 

important to divers because it relates to change in the volume of a gas caused 

by the change in pressure, due to depth, which defines the relationship of 

pressure and volume in breathing gas supplies. 

Charles'/Gay-Lussac's Law 
When working with Boyle’s law, the temperature of the gas is a constant value. 

However, temperature significantly affects the pressure and volume of a gas. 

Charles’/Gay-Lussac’s law describes the physical relationships of temperature 

upon volume and pressure. Charles’/Gay-Lussac’s law states that at a constant 

pressure, the volume of a gas is directly proportional to the change in the 

absolute temperature. If the pressure is kept constant and the absolute 

temperature is doubled, the volume will double. If the temperature decreases, 

volume decreases. If volume instead of pressure is kept constant (i.e., heating in 

a rigid container), then the absolute pressure will change in proportion to the 

absolute temperature. 

The General Gas Law 
Boyle, Charles, and Gay-Lussac demonstrated that temperature, volume, and 

pressure affect a gas in such a way that a change in one factor must be balanced 

by corresponding change in one or both of the others. Boyle’s law describes the 
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relationship between pressure and volume, Charles’/ Gay-Lussac’s law describes 

the relationship between temperature and volume and the relationship 

between temperature and pressure. The general gas law combines the laws to 

predict the behaviour of a given quantity of gas when any of the factors change. 

Two simple rules must be kept in mind when working with the general gas law; 

There can be only one unknown value. 

The equation can be simplified if it is known that a value remains unchanged 

(such as the volume of an air cylinder) or that the change in one of the variables 

is of little consequence. In either case, cancel the value out of both sides of the 

equation to simplify the computations. 

Applying General Gas Law 

A wet bell with a dome volume of one cubic metre (v1 initial volume) is lowered 

into the sea to a depth of 30 msw. The surface temperature is 26°C, and the 

temperature at depth is 2°C. What will the air volume be in the bell at depth? 

Dalton's Law 
The total pressure exerted by a mixture of gases is equal to the sum of the 

pressures of each gas making up the mixture, with each gas acting as if it alone 

was present and occupied the total volume 

In a gas mixture, the portion of the total pressure contributed by a single gas is 

called the partial pressure (PP) of that gas. An easily understood example is that 

of a container at atmospheric pressure (1 bar). If the container were filled with 

oxygen alone, the partial pressure of the oxygen would be one bar. If the same 

container at one bar were filled with dry air, the partial pressures of all the 

constituent gases would contribute to the total partial pressure, as shown 

below. 
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Figure 33: PPo2  

 

Applying Dalton's Law 

Air contains approximately 21% oxygen, 79% nitrogen. At surface where 

absolute pressure is 1 bar, the partial pressure of oxygen (PPO2) is 0.21 x 1 bar = 

0.21 bar or 210 mb (0.21 atm). The partial pressure of nitrogen (PPN) is 0.79 bar 

or 790 mb (0.79 atm). 

At a depth of 30 msw, the absolute pressure is 4 bar. The partial pressure of 

oxygen is 0.21 x 4 bar = 0.84 bar or 840 mb (0.84 atm). The partial pressure of 

nitrogen is 0.79 x 4 bar = 3.16 bar. 

The partial pressures added together should equal the absolute pressure - 0.84 

+ 3.16 = 4 Bar. Use this as a check. This is a consequence of Dalton’s Law. 

  

The effects of a gas on a diver depend upon the partial pressure of the gases 

being breathed. With a mixture, there are two ways in which the partial 

pressures can be altered: 

By changing the total pressure 

By changing the concentration of gases present 

Henry's Law 
At a given temperature, the amount of dissolved gas in a liquid is directly 

proportional to its partial pressure above the liquid. 

A large percentage of the human body is water, the law simply states that as 

one dives deeper and deeper, more gas will dissolve in the body tissues and that 

upon ascent, the dissolved gas must be released. 

The gases in a diver’s breathing mixture are dissolved into his body in 

proportion to the partial pressure of each gas in the mixture. As a result of the 

varied solubility of different gases, the quantity of a particular gas that becomes 

dissolved is also governed by the length of time the diver is breathing the gas at 

the increased pressure. If the diver breathes the gas long enough, his body will 

become saturated. 
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The dissolved gas in a diver’s body, regardless of quantity, depth, or pressure, 

remains in solution as long as the pressure is maintained. However, as the diver 

ascends, more and more of the dissolved gas comes out of solution. If his ascent 

rate is controlled (i.e., through the use of the decompression tables), the 

dissolved gas is carried to the lungs and exhaled before it accumulates to form 

significant bubbles in the tissues. If, on the other hand, he ascends suddenly and 

the pressure is reduced at a rate higher than the body can accommodate, 

bubbles may form, disrupt body tissues and systems, and produce 

decompression illness. 

 

Nitrogen-oxygen (NITROX) diving is a unique type of diving using 

nitrogen-oxygen breathing gas mixtures ranging from 75 percent nitrogen/25 

percent oxygen to 60 percent nitrogen/40 percent oxygen. It decreases the 

required decompression time compared to a similar dive made to the same 

depth using air. 

Nitrox diving shortens decompression times by using a lower partial pressure of 

nitrogen (ppN2) in the mix which reduces the body tissue absorption of the inert 

gas. For example, during a dive to 20 msw (66 fsw) on air, the diver would be 

breathing a ppN2 of 2.37 bar. If he were breathing a 40/60 nitrox mix his 

ppN2 would be only 1.8 bar. 

The partial pressure of nitrogen in a NITROX mixture is the key factor when 

determining the diver’s decompression requirement. Oxygen plays no role. The 

decompression requirement for a NITROX dive therefore can be determined 

using standard air diving decompression tables simply by selecting the depth on 

air that has the same partial pressure of nitrogen as the NITROX mixture. This 

depth is called the Equivalent Air Depth (EAD). 

Equivalent Air Depth 

Almost all surface supplied diving using nitrox is carried out using the EAD 

method to establish decompression requirements. This involves a calculation 

being done to work out what the equivalent depth would be if the dive had 

been carried out using compressed air. Thereafter normal commercial 

decompression tables are used for the specific bottom time at the calculated 

depth. 
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Clear instructions should be available to the supervisor on how to calculate EAD 

and how to then carry out the required decompression. 

Clear instructions should also be available to the diving supervisor as to what 

action needs to be taken, if at any time during the dive or the decompression a 

change of gas to compressed air has to be made. 

Note that with NITROX, the Equivalent Air Depth is always shallower than the 

diver’s actual depth. This is the reason that NITROX offers a decompression 

advantage over air. 

EAD FORMULA 

The decompression table to use for a nitrox dive is found by calculating the 

equivalent air depth (EAD). This is the depth on air that would give the same 

ppN2. 

NOTE: Before doing calculation you need to solve the ones on the brackets first. 

(As a mathematical rule, items in brackets must be calculated first) Subtracting 

10 msw or 33 fsw is the very last action of the calculation. 

 

Equivalent Air Depth Table 
The NITROX Equivalent Air Depth (EAD) Decompression Selection Table was 

developed considering both CNS and pulmonary oxygen toxicity. Note that most 

company policies and the recommendations are for a maximum ppO2 of 1.4 

bar in a nitrox mix used for the diver’s breathing medium in the water. This is 
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principally to avoid the risk of CNS oxygen toxicity and therefore working dives 

that exceed a ppO2 of 1.4 bar are not permitted.  Dives with a ppO2 less than 

1.4 bar, however, can be conducted using the full range of bottom times 

allowed by the air tables without concern for CNS or pulmonary oxygen toxicity. 

To use the EAD Decompression Selection Table, find the actual oxygen 

percentage of the breathing gas in the heading and the diver’s actual depth in 

the left column to determine the appropriate schedule to be used from the Air 

Decompression Tables. The EAD decompression schedule is where the column 

and row intersect.  Dives using NITROX may be used with any schedule from the 

Air Decompression Tables (No Decompression Limits for Air, Standard Air 

Decompression, Surface Decompression using Air or Surface Decompression 

Using Oxygen). 

Note: EAD in the tables are for Decompression table selection only and are 

rounded to the next greater depth 

Minimum Quantities of Gas Required Offshore. This 

guidance addresses the minimum amount of emergency breathing medium (air 

or mixed gas) required to be kept at an offshore dive site before the dive 

commences and during it. It does not replace the diving contractor’s diving 

project plan which is designed for each operation based on a risk assessment of 

the conditions and work scope at the site. 

These guidelines also provide diving supervisors and others with the minimum 

level as to when diving operations should not be commenced due to inadequate 

or diminishing gas or air reserves. 

The quantities referred to are for guidance only and are the absolute minimum. 

A risk assessment should be undertaken for the diving project and this is likely 

to result in much greater quantities of gas being required to be maintained 

onboard to cover all eventualities. 

Objectives 

Assist the diving contractor in preparing the diving project plan; 

Ensure that the amounts of emergency air and gas held at the site have been 

carefully considered and calculated; 
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Ensure that these amounts are displayed in dive control and in 

saturation/chamber control; 

Ensure that supervisors do not start a dive and that they cease diving if these 

amounts are reduced to below the identified minimum level. 

Application & Variations 

The guidance document IMCA D 050 Rev.0.1 Minimum Quantities of Gas 

Required Offshore is applicable world-wide. A number of countries in the world 

have national regulations and/or standards that apply to diving operations. In 

case the national regulations and/or standards are more stringent than this 

guidance, they need to take precedence over this guidance and the contents of 

this guidance should only be used where they do not conflict with the relevant 

national regulations/ standards. 

Attempting to formalise these minimum levels is difficult as they are heavily 

dependent on individual circumstances such as: 

breathing mixtures used; 

decompression schedules used; 

depth of dive; 

work rate; 

environmental conditions at the site. 

This note only provides guidance on the absolute minimum levels to be carried 

onboard. 

When determining minimum levels, it is important to follow manufacturers’ 

instructions and apply a risk assessment approach to the calculation. 

Calculation Error 

It is recognised that the calculations used to determine these quantities depend 

on the gases obeying the ideal gas laws and that gases used in diving are not 

ideal. However, the safety margins imposed are great enough that any variation 

in the calculation is minor compared to the total quantity of gas held. 

Surface Orientated Diving 
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(Air, Nitrox or Heliox) 

General 

i. Sufficient compressed gas always needs to be available for two thirty-minute 

rescue dives to the full intended diving depth. This gas is to be kept as a reserve. 

This gas should either be stored in containers or else supplied by two totally 

independent dedicated sources. 

ii. Sufficient compressed air needs to be available to pressurise both locks of the 

deck decompression chamber to the maximum possible treatment depth 

(normally 50 metres) plus sufficient air for three complete surface 

decompression cycles. This air should either be stored in containers or else 

supplied by two totally independent dedicated sources. 

NB: Two totally independent sources could be two separate compressors, one 

of which is connected to the rig power supply or vessel emergency electric 

power or separate power source (e.g. diesel) or one compressor plus 

compressed air storage containers. 

Rig air should not be considered as a dedicated air supply for diving as it is 

principally provided for other purposes and may not be available to the quality, 

or in the quantity or at the pressures required. 

iii. 90 m3 (3200 cu ft) of breathing quality oxygen needs to be available for 

emergency treatment procedures. 

 

Figure 34: Gas quantities  

Gas Calculations 

For assistance in calculating the minimum quantities required, as specified in 

IMCA D 050, the following values may be of use. These are either proven figures 

or have been derived from reasonable assumptions based on many years of 

operating experience. 
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Note that breathing gas consumption rates are usually quoted as respiratory 

minute volumes (RMV). This is the volume of gas inhaled or exhaled from a 

person's lungs in one minute at surface pressure. The minimum quantities of gas 

required for diving purposes must always take depth into account, i.e. free 

volumes of gas need to be calculated, and: 

Free Gas Volume = Consumption rate at surface pressure x Depth 

Diver’s Gas Consumption (in Water) 

Using open circuit equipment, the value varies between 20 to 60 litres (0.7 to 

2.1 cu ft) per minute depending on the type of work. A mean value of 35 litres 

(1.25 cu ft)/minute can be assumed for normal work. 

Using reclamation systems, a mean value of 5 litres (0.18 cuft)/minute can be 

assumed. 

When breathing in an emergency the diver’s consumption will increase and it is 

necessary to use an elevated value. A mean value of 40 litres (1.5 cu ft)/minute 

can be assumed for an emergency scenario breathing rate. 

NB: Certain global regions, regulatory authorities and company policies may 

stipulate or recommend other work and emergency breathing rates, i.e. 45 

litres/minute, 62.5 litres/minute, etc. 

The diving contractor should ensure, through risk assessment and regional 

compliance, that they are using appropriate breathing rates for the purpose of 

emergency air and gas calculation. 

Volume of Chambers 

Volume of chamber = (π(D/2)2 x L) + 4/3πr3, where the domed ends of the 

chamber are true spheres as shown below (in this case r = D/2). If the domed 

ends are oblate spheroids, then a more complex calculation would be required. 

NB: The volume of each compartment, any trunking or food locks should be 

known and recorded to give total volume used when determining the required 

gas quantities. The volume of the trunking in the simple example below is πr12 x 

L1 where r1 = D1/2. 

Oxygen Metabolic Consumption (in Chambers) 

0.5 litres (0.018 cu ft.)/minute/diver. 
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This equates to approximately 0.7 m3 (25 cu ft.)/day/diver. 

BIBS Gas Consumption (at Surface Pressure) 

BIBS gas consumption is calculated at 20 litres (0.7 ft3)/minute/diver. 

This equates to approximately 28.8 m³ (1017 ft3)/day/diver. 

Gas analysis 

Gas analysis is fundamental to the safety of a diving operation. An air diving 

supervisor should make regular checks on air purity, normally using chemical 

sampling tubes. The presence of oil droplets in the air can be checked for easily 

by venting the air on to a sheet of clean white paper. Oil will leave traces on the 

paper. 

All air chambers should have an oxygen analyser to check for raised oxygen 

levels during oxygen breathing. If no carbon dioxide analyser is available, the 

chamber should be flushed on a regular basis as required. It is also usual to carry 

chemical sampling tubes in the chamber. 

During mixed gas diving, oxygen and carbon dioxide levels are routinely 

monitored. In specialised operations it may be necessary to check other gases. 

This may be done using chemical sampling tubes or more sophisticated 

equipment like spectrometers or chromatographs. The diving supervisor 

normally delegates most gas analysis to the life support team, although he will 

monitor the diver’s breathing gas. 

Most analysis equipment actually measures the partial pressure of the gas 

concerned, although the reading may be given as a partial pressure, percentage 

or part per million. Chemical sampling tubes, however, are calibrated 

specifically to give a percentage or ppm (parts per million) reading at surface 

pressure and a correction must be applied if they are used under pressure. 

Every analyser should be calibrated on a regular basis, according to national 

regulations, manufacturers’ instructions or company procedures. Calibration 

must be carried out according to the manufacturer’s instructions, but the 

following general procedures apply: 

as far as possible, calibrate the instrument in the position in which it will be 

used. A change of angle or local electromagnetic fields may affect readings; 



50 
 
with power off, set the mechanical zero, usually using a screw on the face of the 

dial. This does not apply to digital instruments; 

switch the instrument on and allow it to warm up if necessary; 

check in-line filters. Most instruments require a dry gas sample and should have 

a silica gel filter or similar in-line. Analysis for unusual gases may require 

additional filters; 

use a zero gas (pure helium or pure nitrogen) to carry out any setting up checks 

and set the zero. Use the correct flow rate for the sample gas; 

use a calibration or scale gas to set a scale reading. Air may be used as a scale 

gas on most oxygen analyzers, and the scale should be set at 20.9%. If air is 

used, the sample must be taken from outside. The oxygen percentage in a 

closed control room can be as low as 18% 

Oxygen Analysis 

Oxygen analysis may be carried out using a fuel cell analyser or a magneto-

dynamic cell. Fuel cell analysers are produced by a number of manufacturers, 

magneto-dynamic analysers are produced by Servomex and are commonly 

known by this trade name. Fuel cell analysers are more widely used because 

they are robust, lightweight and suitable for remote readings. 

A fuel cell is a battery which generates electricity in proportion to the ppO2. The 

cell may be fitted inside or outside the analyser with the gas sample flowing 

over it, or placed in a chamber and connected to the analyser in the control 

room. 

A fuel cell analyser is calibrated with a zero gas and scale gas, as described 

above. If the fuel cell is placed in a chamber, it can only be calibrated when the 

chamber is on the surface, or by reference to another analyser sampling the gas 

on the surface. 

A fuel cell in the chamber can only be used as a guide to the ppO2. Errors may 

be caused by condensation on the fuel cell, changes in chamber temperature, 

changes in the temperature of the wires carrying the signal to the analyser and 

radio transmissions and other electromagnetic fields. 

Since the fuel cell is a battery, it will run out, normally in about six months. This 

is indicated by erratic readings. 
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Magneto-dynamic cells rely on the fact that oxygen is one of the few 

paramagnetic gases and the molecules are attracted by a magnetic field. The 

cell consists of a small quartz dumb-bell suspended in a strong non-uniform 

field. When the sample gas enters the cell, oxygen molecules are attracted to 

the strongest part of the field, changing the forces acting on the dumb-bell and 

causing it to rotate. The rotation is measured by the movement of a beam of 

light across a split photocell and converted to an electric current. 

Although delicate, the cell is surprisingly robust. It will be distorted by high flow 

rates of the sample gas, which can move the dumb-bell excessively. The angle at 

which the analyser is placed affects the suspension of the dumb-bell and it must 

be calibrated in situ. 

 

Figure 35: O2 Analyser 

Carbon Dioxide Analysis 

Carbon dioxide analysers rely on the fact that each gas absorbs specific 

wavelengths of radiation. Equal infra-red beams of the appropriate wavelength 

are shone onto two cells. One cell contains a reference gas, the other cell 

contains the sample gas. 

The sample gas absorbs radiation in proportion to its carbon dioxide content 

and heats up. By comparing the temperature rise with the temperature of the 

reference cell, the proportion of carbon dioxide can be measured. 

Calibration normally requires a zero gas and scale gas. Some analysers require a 

set up procedure which should be repeated at regular intervals according to the 

manufacturer’s instructions or if it becomes impossible to calibrate the 

instrument. Because measurement depends on temperature, it is essential that 
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the analyser warms up to a stable temperature before use. Readings are 

commonly given in parts per million. 

 

Figure 36: Carbon Dioxide Analyser  

Chemical Sampling Tubes 

The most widely used chemical sampling tubes are probably those 

manufactured by Dräger and all tubes are commonly described as Dräger tubes. 

They are also known as colorimetric tubes. They are widely used for carbon 

dioxide analysis in the diving bell and to test LP air supplies for contaminants. 

The glass tube contains a chemical which changes colour in proportion to the 

amount of the sample gas drawn through the tube. The tubes are usually 

calibrated in percentage or parts per million, for use on the surface, but actually 

measure the partial pressure of the gas. If a chamber or bell atmosphere is 

sampled using a tube on the surface, there is no need to make any correction to 

the reading. 

If the tube is used under pressure, a correction needs to applied. For a true 

percentage or parts per million, divide the scale reading by the absolute 

pressure in bars. For a true partial pressure, regardless of depth, divide a 

percentage scale reading by 100 or a parts per million scale reading by 

1,000,000. 

Some companies use percentage surface equivalent (PSE) or surface equivalent 

percentage (SEP). This is simply the scale reading and companies provide a table 

of safe PSEs for each depth. To convert a surface reading from a bell or chamber 

to a PSE, simply multiply the surface reading by the absolute pressure. 
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To use a tube, follow the manufacturer’s instructions. In general, the procedure 

is as follows: 

check that you have the correct tube for the gas to be analysed and that it is in-

date; 

note the number of pumps needed. This is normally indicated on the tube as for 

example N= 5. There may be more than one scale on the tube for different 

numbers of pumps; 

check that you have the correct pump. The volume of gas drawn through the 

tube is critical; 

check the pump by fitting the unbroken tube into the pump and exhausting the 

bellows. The pump should not re-inflate. If it does, it is leaking and the reading 

will be inaccurate; 

break the ends off the glass tube and fit it into the pump with the arrow 

pointing towards the pump.  Gas is drawn through the tube; 

exhaust the bellows and allow them to re-fill completely at their own speed. The 

chain on the pump must be tight before exhausting the bellows again; 

if the tube shows adequate colouration after one pump, take a reading from the 

one pump scale. If not, carry on for the maximum number of pumps shown; 

if there is no discolouration at all, some tubes can be sealed with the rubber 

caps provided and re-used up to two more times. Check the manufacturer’s 

instructions. 

An in-line oxygen analyser with an audible/visual hi-lo alarm will need to be 

fitted to the diver’s gas supply line in the dive control area. The sampling should 

be from downstream of the final supply valve to the diver. This should prevent 

the diver being supplied with the wrong percentage of oxygen even if the 

breathing medium is compressed air. 

In addition, a carbon dioxide analyser will need to be fitted in all saturation 

operations using gas reclaim equipment. 

Sufficient analysers for continuous monitoring of the reclaim, bell, DDC and 

divers supply, without having to cross connect between two analysers, need to 

be installed. 
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Commercial divers working offshore are sometimes required to dive in 

situations where there may be contamination in the water or on the seabed. 

This contamination can be due to the presence of drill mud and cuttings or can 

be due to the work the diver is required to carry out, such as recovering drums 

of chemicals, breaking of flanges, working on pipelines, etc. It may also be due 

to general contamination by heavy metals, chemicals, radioactivity, biological 

material or similar in the area that the work has to be carried out. 

The hazards that need to be considered are: 

Direct contamination of the diver while working in the water; 

Contamination of the diver’s equipment causing hazards to the surface 

personnel or others that are required to handle it; 

Contamination of the atmosphere of the deck decompression chamber (DDC) 

either by the diver and/or his equipment when he undergoes surface 

decompression. 

One of the problems faced by diving contractors is that the operator, owner of 

the area or client may not be able to provide any detailed information to the 

diving contractor about the exact composition of the suspected contaminants. 

 

Figure 37: Diving in contaminated water  

CONTAMINATION ROUTES  
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The principle routes of entry into the body are inhalation (breathing in), skin 

contact and ingestion (swallowing). Two other situations that need to be 

considered are aspiration (direct entry into the lungs) and radiation. There can 

also be a combination of these methods of ingress. 

Inhalation 

The lung is the most vulnerable part of the body, as it can readily absorb gases, 

soluble dusts and fumes. Even small concentrations of a toxic agent in the 

atmosphere being inhaled can, after a period, develop a build-up of toxicant in 

the body. 

Skin/Body Contact 

The skin is the next vulnerable area, as it can be in contact with toxic substances 

that may be solid, liquid or gaseous, and in very high concentrations (i.e. in 

terms of quantity of substance to skin area). Where normal diving suits etc. do 

reduce the available skin contact area available for exposure to a toxic agent, 

the protection afforded is only as good as the sealing mechanisms provided by 

the suit, glove, boots, etc. 

Ingestion 

In terms of occupational hazards from toxins, the gastrointestinal tract is 

possibly the least vulnerable area of the body. The possibility of solid or liquid 

toxicants being ingested is limited and the diver would normally be aware of 

having swallowed water that could contain toxic substances that may be soluble 

or suspended in the water. 

Aspiration 

Aspiration describes a route of entry that concerns the direct entry of solid or 

liquid into the lungs. A typical situation would be where a diving hat is flooded 

with contaminated water or divers’ own vomit where the need to breathe 

results in the ingestion of solid/liquid contaminants via the respiratory tract. 

Ionising Radiation 

When ionising radiation is present, two concepts must be considered. These are 

exposure and contamination. Exposure deals with the damage that has been 

done to the body having subjected it to harm by energy imparted from a source 
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or dose of ionising radiation. Contamination describes the situation where a 

person has radioactive material attached to his or her body. 

TYPES OF CONTAMINATION 
Ionising Radiation 

Radioactive material can exist in all states, i.e. solid, liquid and gas. The hazards 

associated with these could be either contamination or exposure; and will 

depend on the circumstances, but may include respiration (dust), ingestion 

(liquid borne) and ionising radiation exposure (whole body). 

Biological 

Possible biological hazards include exposure to bacteria, viruses, fungi, water 

borne parasites or marine animals. 

The hazards associated with biological contamination will normally involve 

protecting the skin of the individuals plus protection against ingestion. It is also 

known that the action of biological microbes can produce gases such as H2S that 

can lead to contamination of breathing gas supplies and can even enter 

umbilical hoses. 

Heavy Metals 

Heavy metal contamination is normally encountered as a result of past 

industrial activity. Examples of such substances that may be encountered are 

mercury, cadmium and arsenic although other substances may also be found. 

Chemical 

Chemical hazards can be subdivided into the following groups: 

corrosive (typically a very acidic or alkaline environment); 

toxic/poisonous (often associated with industrial chemicals). 

The hazards associated with chemicals may involve all three routes of entry 

although the degree of risk will vary from one type to another. Some chemical 

hazards will fall in to more than one category, e.g. corrosive and toxic. 

Hydrocarbons and Condensate 
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Hydrocarbons are normally encountered in association with the oil and gas 

industries. Hydrocarbons often contain condensates, which is a loose term 

covering the light end of the crude oil spectrum. Condensates are extremely 

volatile and will evaporate into almost any gaseous atmosphere 

instantaneously. For this reason, ventilation such as flushing a decompression 

chamber atmosphere will be of very limited use due to the ongoing 

evaporation. 

The following hazards are associated with condensate or hydrocarbon 

contamination: 

in liquid form will burn and penetrate skin; 

in gaseous form will have hypnotic, soporific and toxic effects. 

One specific hazard that needs to be considered in almost all cases of 

hydrocarbon contamination is the possibility of the contaminant giving off 

hydrogen sulphide gas (H2S). This is a particularly hazardous substance, even in 

small quantities. 

Drilling Mud 

When Divers operate in areas where deposits of drilling muds exist, the mud 

may find its way between the hot water suit and boots as well as through the 

suit material thereby gaining access to the skin. Chemicals are also known to 

affect equipment, causing deterioration of both suits, umbilical’s and in some 

instances the soft components in the helmets breathing subsystem, neck seals 

etc... 

Disturbance of the drill mud cuttings should be avoided. Agitation of the seabed 

could release potential contaminants. This potential problem must be 

considered when generating procedures and appropriate tasks and risk assessed 

prior to operations being perform 

MANAGING THE RISK 

When requested to dive in a possibly polluted environment, a responsible diving 

contractor will have to assess the risks divers are exposed to, or may be 

expected to be exposed to. 
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The following step by step assessment simply provides a number of logical 

questions that should allow progress from an uncertain level of knowledge to a 

better defined one. 

It must be realised that many contaminated waters may well contain more than 

one hazard and that all possible hazards will need to be assessed and 

appropriate measures introduced. 

Assessment of Risk 

Once the nature of the substance(s) is known, as well as an indication of the 

concentration, or the ‘worst case’ has been assumed, an evaluation of the 

possible exposure has to be made. 

Risks on contact: nuisance risk such as a compound that clings to equipment but 

has little toxicity 

- significant risk on contact, possibly exacerbated by wet skin; 

Risks on ingestion: although accidental ingestion is less likely, some water can 

leak past the mushroom exhaust valve. This risk is much reduced with gas 

reclaim equipment; 

Risks on inhalation: highly unlikely while in the water, as the diver is breathing 

gas supplied under pressure from the surface and unlikely to become 

contaminated 

- could become a problem if chemical is ‘imported’ into the bell or living 

chambers – the more volatile it is then the quicker it will vaporise into the 

atmosphere 

- if inhaled, will the effect be acute, chronic or very long term? 

- toxic concentrations combined with exposure levels such as those provided in 

threshold limit value (TLV) tables may require to be ‘corrected’ according to the 

pressure at depth; Risks by ionising radiation: 

water does provide a very effective ‘natural’ protection, and control measures 

will have to concentrate on establishing and respecting safe paths and safe 

areas 

if radioactive materials, such as LSA scale, are allowed to dry out, dusts could be 

inhaled. This surface problem can usually be controlled by keeping any 

suspected Materials damp and sealed. 

CONTROL MEASURES 
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There are a number of options available for control purposes and sometimes it 

will be necessary to use a combination of these options in order to reduce risk. 

For determining the control measures, the Hierarchy of Controls is to be used. 

Hierarchy of Controls is a step-by-step approach to eliminating or reducing risks 

and it ranks risk controls from the highest level of protection and reliability 

through to the lowest and least reliable protection. 

 

Figure 38: Hierarchy of Controls  

Elimination 

The ultimate control measure for any hazardous activity is to eliminate it. In 

diving, the only practical way to use elimination as a means of control is not to 

dive. This option will of course not be available in most situations since diving 

will normally only have been considered in the first place if it is the only way of 

carrying out the work. 

Substitution 

If the hazard cannot be controlled by elimination, which is likely to be the case 

for many diving tasks, then the next best option is substitution. Can the 

potential hazard be substituted for something potentially less hazardous? An 

example would be substituting the need for a diver by using a remotely 

operated vehicle (ROV) to do the work. This removes the hazard to a diver but 

substitutes a hazard to the deck crew handling the ROV after recovery. The 

hazard to the deck crew may be easier or safer to deal with. 

Engineering Controls 

Engineering control is where the hazard is controlled or limited, generally by a 

mechanical or physical means. Example might be fitting covers (similar to a hot 
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water shroud) to the second stage of the diving helmet to help prevent ingress 

of mud through the demand valve. 

Administrative Controls 

Administrative controls involve laying down policies and managing workplace 

procedures. For example, limiting the number of personnel on deck who require 

to handle potentially contaminated equipment. 

Personal Protective Equipment 

Personal protective equipment (PPE) is the last of the control measures to be 

considered once the potential for the other methods has been thoroughly 

considered. PPE will limit the effect of any hazard but it must be remembered 

that the hazard is not removed by the use of PPE. 

PLANNING & PREPARATION 

Planning and preparation is a primary control measure, which is an integral part 

of prevention, and addresses the potential of contamination and the prevention 

of harm to personnel and equipment prior to any operational activity. 

Contaminated water diving must be covered in the project HIRA (Hazard 

Identification Risk Analysis). A review of all available data should be conducted 

to establish if contamination is reasonably foreseeable, given the work scope to 

be undertaken. 

Detection Equipment 

Managing and controlling the hazards and risks from diving in contaminated 

waters will include the requirement, if practicable and equipment is available, to 

monitor the exposure of substances. The likely components/constituents of that 

substance need to be known to enable accurate monitoring to take place.  

Examples of detection equipment: 

Hydrocarbon gas analysers in DDC 

Chemical sampling tubes will be the most likely method employed to detect 

contaminants in the DDC 

Handheld or fixed hydrocarbon/H2S monitors in the vicinity of dive control, 

LARS stations and moon-pools.  



61 
 
Personal Protective Equipment 

Divers 

The Diver’s Personal Equipment does provide a degree of protection, but has 

limitations and is in itself subject to contamination through impregnation. 

Divers may wear wet suits or even fabric coveralls, which may offer little or no 

protection while diving in certain levels of contaminated water. In such cases, 

the use of dry suits or other means of protecting the diver’s body will need to be 

considered. In colder waters it is normal for divers to wear hot water suits. 

These provide good protection to the diver’s body but they do expose the skin 

at the ankles, wrists and neck where they terminate. 

Disposable overalls/over suits are sometimes provided to divers. These are 

normally donned prior to commencement of the dive and are taped in place 

over the diver’s boots and gloves. It must be realised that the purpose of such 

overalls is normally not to protect the diver but rather to protect his equipment 

from heavy soiling. 

In all cases the “fit” of the suit to the individual diver is important. A well-fitting 

and well-maintained suit will provide better protection 

Additional protection: 

Wellington boots or long neoprene bootees provide foot and ankle protection 

Gauntlet type gloves that are long enough to overlap the arms of the suit 

Suitable neoprene “collars” or cold water neck seals provide neck protection 

Water resistant barrier creams applied to exposed skin 

Hot water supply, ensures a “positive” water pressure barrier for the diver 

Umbilical Shrouds are available to be utilised on the first 40 metres of the Divers 

life support umbilical. These are Velcro lined “socks” that prevent the first 

section of umbilical from becoming heavily contaminated in drill mud and can 

be removed 

Tenders 
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During recovery of the diver or subsea equipment, dive tenders and/or riggers 

could potentially get contaminated. Deck personnel therefore should be 

provided with suitable personal protective equipment such as; 

Chemical over suits 

Chemical protection gauntlets 

Safety goggles or visor 

BA sets to be available for working in enclosed spaces 

Suitable wash down spreads with appropriate detergents 

Chamber operators and/or tenders removing contaminated items from the 

entry lock of the chamber should also be appropriately protected to prevent 

coming into contact with potential contaminants. The personnel involved with 

the removal and cleaning of the divers’ suits and equipment should be fully 

briefed and prepared in advance for any special cleaning requirements. 

Deck Decompression Chamber 

All attempts should be made to remove the diver’s equipment and suit/s prior 

to the diver entering the chamber for any surface decompression requirements. 

A thorough decontamination of the diver/s must be achieved prior to 

recompression because introducing contaminants into recompression chambers 

may present significant health and safety concerns. 

If surface decompression is to be used, then drills must be conducted to ensure 

that the recovery and preparation of the diver/s prior to entry into the chamber 

is achievable within the surface interval allowable.  

Equipment Decontamination 

An equipment decontamination procedure must be part of the diving project 

plan. The goal of systematic decontamination procedures is to limit the spread 

of the contamination and reduce the levels to the greatest extent possible in 

order to protect personnel and equipment. The potential of contaminants 

remaining and re-contaminating divers and their equipment should be 

eliminated. 
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Isolation: Lock Out / Tag Out 
In the diving industry, there are a number of situations where divers need to 

operate in or around danger zones, e.g. during maintenance or inspection 

operations or when using a vessel as a dive platform. During diving operations 

from, on, in, or close to live vessels, the operating controls for fittings located 

underwater will normally be remote from the dangerous underwater parts. This 

means that the operators of such machinery may not be able to see divers in 

danger zones and may be unaware of their presence. Under such circumstances 

machinery may be inappropriately energised with devastating consequences for 

any diver working or moving in the danger zone. 

Secure isolation of any vessel/ offshore installation machinery that could have 

an adverse impact on the safety of the diver(s) must be achieved prior to the 

commencement of the diving operation. Secure isolation of such machinery 

needs to be maintained until diving operations have ceased and all divers are 

confirmed to be clear of the water by an authorised person and by cancellation 

of the permit-to-work. 

It is good working practice to isolate machinery from its actual main power 

source rather than just isolating a switch on a control panel that remains 

energised. Where it is possible to do so safely, always arrange to disconnect the 

power supply, not just the item that controls the power supply. 

When isolating work equipment all relevant sources of energy should be 

considered and shut off where required, e.g. relevant electrical, mechanical, 

pneumatic and hydraulic sources. In addition, any residual energy stored may 

need to be dealt with by discharge of capacitors or accumulators, relaxation of 

pressure in hydraulic or pneumatic pipework,  

ISOLATION: LOCK OUT / TAG OUT 

Diving operations cannot commence until the topside installation has firstly 

applied primary isolation(s) to the main energy source(s), following which, 

manual and tangible final isolations will then need to be applied at the subsea 

worksite location. All isolations need to be proven, to demonstrate to diving 

personnel that protection from all potential energy sources has been 

established. The steps necessary to isolate are often documented in an isolation 

procedure or a Lock-out Tag-out (LOTO) procedure. 
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Lock Out Tag Out (LOTO) is a primary function for safe diving operations when 

working on or nearby an energy source. The energy source can be Hydraulic, 

Pneumatic, Electrical, Suction / Discharge, differential pressure (DELTA P), 

stored energy or environmental power such as tidal stream (on rotating 

propellers). If it is not isolated and LOTO correctly, it will injure or potentially kill 

the diver. When a robust LOTO system is used, diving operations can be carried 

out with the assurance that the hazard has been isolated and it is safe to dive.  

  

Lock Out / Tag Out Devices 
Lockout devices hold energy-isolation devices in a safe or "off" position. They 

provide protection by preventing machines or equipment from becoming 

energized because they are positive restraints that no one can remove without 

a key or other unlocking mechanism, or through extraordinary means, such as 

bolt cutters. Tag out devices, by contrast, are prominent warning devices that 

some authorized personnel fasten to energy-isolating devices to warn others 

not to reenergize the machine while maintenance, inspection or repair works 

are being carried out. It should also be labelled to identify personnel authorised 

to apply and remove it. Tag out devices are easier to remove and, by 

themselves, provide the crew with less protection than do lockout devices. 

Depending on the nature of work and type of equipment, the lock-out tag-out 

devices used will vary. The basic LOTO implement consist of; 

Isolation Point – position where switch/lever or valve is to be isolated 

preventing it to be turned on 

Safety Hasp – allows the hooking of multiple safety locks to secure the isolation. 

It also has jaws to secure the isolation point of the machine.  

Safety Lock – inserted to the safety hasps to secure the isolation and prevent 

unauthorised personnel from operating the machine 

Danger Tag – contains the particulars of authorised personnel and date or 

timing of the lockout. Only the personnel written on the tag has authority to 

operate the machine.  

 

The LOTO Procedure establishes the requirements for lockout of energy sources 

(stored or otherwise) that could cause injury to divers. All members of the dive 
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team shall be instructed in the safety significance of the lock-out tag-out 

procedure. The Diving Supervisor is responsible for seeing that the procedure is 

adhered to. The Diving Supervisor, with the knowledge of the diving crew, may 

lock out energy sources for the whole crew. In which case then it shall be 

his/her responsibility to carry out all the steps of the LOTO procedure and 

inform the crew when it is safe to work on the system. Additionally, he/she shall 

not remove the lock until it has been verified that all personnel are informed. 

The LOTO procedure includes the following tasks;  

 

Figure 39: Lock-out Tag-out Checklist  

Lock-out Tag-out Checklist 

A LOTO checklist is a tool used to ensure that correct and complete steps are 

taken to isolate energy sources. It should be used when expediting the LOTO 

procedures. The purpose of using a LOTO checklist may include; 
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Ensure that electrical and mechanical functions are de-energized and 

disengaged; 

Ensure that locking and tagging procedures are being complied with; 

Ensure that all hazards present during the procedure have been managed 

adequately; 

Ensure that all necessary details are reported and documented 

 Risk Management 

In all and every diving project to be undertaken there must be a Risk 

Management (RM) process in place. Prior to work commencement, it is a 

requirement to conduct risk assessments (RAs) to address the safety and health 

risks posed to any personnel who may be affected by the activities in the 

workplace. It is a cornerstone to prevent deaths, injuries and ill health at work. 

In commercial diving, all stakeholders in the diving project which include client, 

diving company/contractor and diving supervisor are required to manage risks 

at the worksite while dive team and non-dive team personnel should adhere to 

safe work practices at all times.  

 Risk Management Process 

The diving contractor should have a risk management process in place which 

addresses the project life cycle and should include the following: 

Onshore 

Risk identification meetings (HAZID or HIRA) prior to commencement of the 

development of step by step work procedures; 

Final risk assessment (HAZID or HIRA) when the step by step work procedures 

have been finalised; 

Risk assessments of mobilisation/demobilisation plans and the contingency and 

emergency plans. 

The risk identification and assessments (HAZIDs and HIRAs) will need to identify 

site-specific hazards, assess the risks and set out how these can be mitigated or 

controlled. The persons responsible for any actions will also need to be 

identified. 
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The meetings should be attended by experienced diving contractor engineering 

and offshore personnel as well as experienced client personnel. 

 Mobilisation 

Risk assessed mobilisation procedures and plans, and familiarisation of the 

offshore personnel; 

Prior to commencement of the mobilisation a JSA and toolbox talk with the 

diving contractor and sub-contractor’s personnel. 

Offshore Operations 

A job safety analysis (JSA) should be completed prior to initiating the work. With 

the work procedures in place on the vessel/fixed/floating structure, all relevant 

persons responsible for the work should discuss the potential hazards and 

precautions to be taken. If the JSA reveals significant unanticipated safety risks 

then offshore acceptances should be withheld pending revision of the work 

procedure to address the safety concerns. Approval for the revision needs to be 

given by all parties concerned, onshore and offshore. Management of change 

procedures need to be followed (Ref. IMCA HSSE 001 Rev. 1.1); 

A toolbox talk meeting should be held at the start of each shift or prior to any 

high-risk operation, where the diving supervisor and/or the diving supervisor’s 

delegate and shift personnel discuss the forthcoming tasks or job and the 

potential risks and necessary precautions to be taken; 

Dive plan. This should be used for each dive to brief the divers. It should contain 

the tasks to be carried out, tools and equipment required, hazards, risks and 

precautions to be taken; 

Records detailing the shift handover; 

Records detailing familiarisation of personnel at crew changes. 

7.2.4 Demobilisation 

Risk assessed demobilisation procedures and plans; 

Prior to commencement of the demobilisation a JSA and toolbox talk with the 

diving contractor and sub-contractors’ personnel. 
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WHAT IS RISK MANAGEMENT  
Risk Management (RM) is a step-by-step process for controlling health and 

safety risks caused by hazards in the workplace. It is a systematic way used to 

identify, assess, control and monitor risks associated with diving activities. This 

is followed by the effective communication (2-way) and consultation of these 

risks to all stakeholders (internal and external) as well as the divers and support 

personnel. The communication is done throughout all stages of the RM process 

and can take the form of toolbox meetings, training, dialogues, notice boards, 

etc.  

 

Figure 40: Risk Management 

Preparation 

Prior to the conduct of Risk Assessment (RA), there is a need to form a Risk 

Assessment Team. The team should include members with experience, good 

knowledge and understanding of diving activities and processes.  A RA leader is 

appointed to lead the team. All personnel participating in the RA shall be 

identified in the record. This is followed by gathering of relevant information 

(e.g., industry practice, accidents, near miss incidents etc) useful for the 

understanding of the RA work process and identification of the tasks for each 

process 
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Risk Assessment 

The risk assessment procedure consists of; 

Task/Activity Description 

List the basic steps necessary to perform the job from start to finish. Each of the 

steps of a job should accomplish a task. The task may consist of a set of 

movements. Look at the first set of movements used to perform a task, and 

then determine the next logical set of movements. 

Hazard Identification 

Identify the inherent hazards associated with every step of every movement 

used to perform the tasks. These hazards can be summarized under the 

following categories: 

Environmental hazards 

Operational hazards 

Physiological hazards 

Other hazards (Flying After Diving) 

Risk Evaluation 

This involves estimating the risk levels of the hazards and determining the 

acceptability of the risks to as low as reasonably practicable. This is followed by 

prioritization of the actions with the risk control of these hazards to minimize 

the risks encountered by the dive team or non-dive team personnel. 

Existing risk controls need to be considered when assessing the risks to gauge 

the effectiveness of these controls. In the event of any gaps identified, the risk 

of the activity/task can be reviewed and further assessed. 

Risk Control 

Once risks have been analysed, measures are to be implemented to control or 

mitigate the associated risks involved to a level which is ‘As Low as Reasonably 

Practical’. 

The most effective way of reducing the level of risk is by eliminating the hazard 

altogether. Where this is impractical, the next control in the Hierarchy of 

Controls is to be used. 
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Re-evaluating Residual Risk 

Prior to any task commencing, the level of risk outstanding, once controls have 

been implemented, is to be analysed using the Risk Matrix. The task is not to 

proceed until the level of risk is determined as Low. 

Implementation 

Before implementation, all completed Risk Assessment forms need to be 

approved by Management. Diving Contractor should ensure the following 

pointers for implementation of the risk control measures; 

Use of a detailed action plan with the timeline and the names of persons 

responsible for the implementation. 

All recommended measures are implemented as soon as possible with regular 

monitoring, inspections and process audits to assure the effectiveness of the 

risk control measures. 

All persons exposed to the risks are well informed of the nature of the risks and 

the measures or Safe Work Procedure implemented, if any. 

Updating of the RA form is done to reflect the implementation of additional 

controls, where applicable.  

Record Keeping and Review 

Diving contractor to ensure: 

RA records, including but not limited to the RA forms and control measure 

records, are available upon request and kept safe for at least five years 

Risk Register is readily available for review on a regular basis by designated 

persons at the workplace and regulatory agencies 

The Risk Assessment to be reviewed and updated on completion of the task, or 

if: Further hazards are identified during the course of the work 

The methodology of the task changes 

The task is undertaken again  
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RISK ASSESSMENT STAGES 
Stage 1 (Onshore) 

Conducted in an office environment normally by managers and personnel who 

have ownership of the tasks/equipment including persons competent in 

conducting Risk Assessments.  The assessment is carried out towards the end of 

the project/equipment design or engineering phase. The emphasis is on 

confirming the methodology to be used and in refining control measures which 

provide the lowest risk. Examples of tools for managing process risk; 

HAZOP (Hazard and Operability Study): HAZOP systematically reviews the 

potential hazards associated with a facility, equipment and/or work processes. 

Although this process is most commonly linked to evaluation of equipment 

technology and function relative to operational criteria, the interaction of the 

workforce is an integral consideration in the process. 

HAZID (Hazard Identification): HAZID systematically identifies conditions that 

could harm workers, the environment, or the equipment/facility. 

HIRA (Hazard Identification & Risk Assessment) encompasses all activities 

involved in identifying hazards and evaluating risk at facilities, throughout their 

life cycle, to make certain that risks to employees, the public, or the 

environment are consistently controlled. It is used to assess which hazards pose 

the greatest risk in terms of how likely they are to occur and how great their 

potential impact may be. 

Stage 2 (Onshore, Mobilisation) 

Normally carried out at the worksite by the personnel directly involved in the 

supervision of the activities utilising the documented results of the Stage 1 

assessments.  It is primarily instigated to confirm full understanding of the work 

and control measures to be implemented but may, in special circumstances, be 

used to further assess details of the work control and recovery measures.  The 

emphasis is now on the details of the man / machine interface. 

Stage 3 (Offshore, Demobilisation) 

Usually called the Toolbox Talk, it is a briefing given by the supervisors to the 

diving team/s directly under their control and who will be conducting the work 

activities. The purpose is to ensure all team members fully understand the work, 

the control measures, any recovery or contingency measures and their 
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responsibilities in executing them. It also serves as a final check that every 

hazard has been identified.  Team members shall be given an opportunity to ask 

questions about these issues. 

A Job Safety Analysis (JSA) should be completed prior to initiating the work. In 

the event where the work starts to diverge from the plan or if the JSA reveals 

significant unanticipated safety risks then offshore acceptances should be 

withheld pending revision of the work procedure to address the safety 

concerns. Approval for the revision needs to be given by all parties concerned, 

onshore and offshore. Management of Change (MoC) procedures need to be 

followed (Ref. IMCA HSSE 001 Rev. 1.1); 

RISK ASSESSMENT PROCEDURE 
STEP 1 - Task / Activity Description 

List the basic steps necessary to perform the job from start to finish. Each of the 

steps of a job should accomplish some major task. The task may consist of a set 

of movements. Look at the first set of movements used to perform a task, and 

then determine the next logical set of movements. Each step description defines 

an action, but does not describe hazards or precautions. Clean up and stowing 

of equipment at the completion of work is to be included as a step. 

STEP 2 - Identification of Hazards 

The task of identifying hazards is fundamental to the risk assessment process 

and is best achieved by utilising a wide range of personnel to draw upon their 

experience and knowledge.  

To identify the hazards associated with each step, consider the equipment, 

personnel and the activities that are required to complete the task. Examine 

each step to identify hazards that could lead to an incident. Ensure all hazards 

are listed, including environmental and health hazards e.g. falls from height, 

vapour, heat, noise, manual handling, etc. 

A list of hazards that may be encountered is listed below. The list is designed to 

act only as a guide in identifying potential hazards and is by no means 

comprehensive 

Permit to Work 
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When incidents do occur, human factors, such as failure to implement 

procedures properly, are often a root cause. These failures may in turn be 

attributable to a lack of training, instruction or understanding of either the 

purpose or practical application of a Permit to Work (PTW) system. 

A PTW is not simply permission to carry out a dangerous job (e.g. Diving). 

Together with the Lock Out Tag Out system (2021 Unit 1 Module 19), it is an 

integral part of a safe system of work which determines how that job can be 

carried out safely. The permit should not be regarded as a statement that all 

hazards and risks have been eliminated from the work area. The issue of a 

permit does not, by itself, make a job safe. That can be achieved only by those 

preparing for the work and those carrying it out. In addition to the PTW system 

other precautions such as curtailing other operations, e.g. overboard scaffolding 

or helicopter operations, etcetera may need to be taken. The PTW system 

should ensure that authorised and properly trained people have thought about 

foreseeable risks and that these are avoided by using suitable precautions. 

Those carrying out the job should think about and understand what they are 

doing and how their work may interface with that of others. They must also take 

the necessary precautions which they have been trained to take and for which 

they have been made responsible. 

What is a Permit-to-Work (PTW) system? 
A PTW system is a formal written system used to control certain types of work 

which are identified as potentially hazardous. It is also a means of 

communication between site/installation management, supervisors and 

operators and those who carry out the work. Essential features of PTW system 

are: 

Clear identification of who may authorised particular jobs (and any limits to 

their authority) and who is responsible for specifying the necessary precautions 

Training and instruction in the issue, use and closure of permits 

Monitoring and auditing to ensure that the system works as intended; 

Clear identification of the types of work considered hazardous; 

Clear and standardised identification of tasks, risk assessments, permitted task 

duration and supplemental or simultaneous activity and control measures. 
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Objectives and Function of PTW 

The objectives and functions of PTW can be summarised: 

Ensuring the proper authorisation and validation of designated work; 

Making clear to people carrying out the work the exact identity, nature and 

extent of the job and the hazards involved, and any limitations on the extent of 

the work and the time during which the job may be carried out; 

Specifying the precautions to be taken including safe isolation from potential 

risks such as hazardous substances and energy sources; 

Ensuring that the person in charge of plant or installation is aware of all the 

work being done there; 

Providing not only a system of continuous control but also a record showing 

that the nature of the work and the precautions needed have been checked by 

an appropriate person/s; 

Providing for the suitable display of permits; 

Providing a procedure for times when work has to be suspended, i.e. stopped 

for a period before it is complete;                          

Providing for the procedures or arrangements for work activities that may 

interact with or affect any of these activities; 

Providing a formal hand-over procedure for use when a permit is issued for a 

period longer than one shift or when permit signatories change; 

Providing a formal hand-back procedure to ensure that any part of the plant 

affected by the work is in a safe condition and ready for reinstatement; 

Providing a process for change, including the evaluation of change on other 

planned activity, a determination of when hazards need to be reassessed, and a 

means for controlled communication of change. 

When is PTW required? 

Permit-to-Work systems should be considered whenever it is intended to carry 

out work which may adversely affect the safety of personnel, plant or the 

environment. They are considered most appropriate for; 



75 
 
Non-production work (e.g. maintenance, repair, inspection, testing, alteration, 

construction, dismantling, adaptation, modification, cleaning etc); 

Non-routine operations; 

Jobs where two or more individuals or groups need to co-ordinate activities to 

complete the job safely; 

Jobs where there is a transfer of work and responsibilities from one group to 

another. 

The type of jobs requiring the control of a PTW system may include: 

Hot work of any type where heat is used and generated, e.g. welding, flame 

cutting, grinding, grit/sandblasting etc; 

Work which may generate incentive sparks or other sources of ignition 

Work which may cause an unintended or uncontrolled hydrocarbon release, 

including any disconnection or opening of any closed pipeline, vessel or 

equipment containing, or which has contained, flammable or toxic materials; 

Electrical work; 

Work at any place on an offshore installation from which any person could fall 

into the sea; 

Work involving the use of dangerous substances, including radioactive materials 

and explosives; 

Excavations; 

Diving activities; 

Pressure testing; 

Danger of dropped objects; 

Permit-to-Work Form 

The core of the PTW system is the form itself. Many different types of forms are 

used by installation owners. Some use simple forms to cover all activities. 

Others use different forms for different types of hazards. The two most 

common categories of forms are for hot work and cold work. 
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When a large number of active permits are in force, then administration of the 

permit system and control of work may be enhanced by using colour 

combinations, to distinguish between the permits issued for the work of 

differing type and degree of potential hazard. Diving for example is commonly a 

white form. 

Every effort should be made to keep the form simple and user friendly. 

Universal pictograms and multi-language formats should be used where 

appropriate. 

In considering the content of the form the following list is typical of the 

information required: 

Description of task to be done; 

Description of exact location/plant numbers etc; 

Details of work party and tools to be used; 

Details of potential hazards; 

Details of precautions taken; 

Details of protective equipment to be used or worn; 

Time of issue and period of validity; 

Signature of person in charge of the work; 

Signature of person issuing the permit; 

Declaration by person in charge of work that work is complete or incomplete 

and site has been left in a safe condition; 

Signature of person issuing the permit which confirms that site has been 

checked and that equipment may be reinstated or left safely isolated and that 

the permit is cancelled. 

Roles and Responsibilities 

Roles 

There are a number of roles which are commonly found in the day-to-day 

running of permit-to-work systems. There can be considerable variation in the 

titles given to those people carrying out these roles. 
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In some permit-to-work systems, a number of the roles listed in Table 1 may in 

fact be fulfilled by the same person, e.g. on a small site with few permits the 

same person may act as area authority, issuing authority and permit authoriser 

at the same time. 

 

Figure 40 Roles for PTW 

Responsibilities 

Installation owners/Vessel Operators should ensure: 

An appropriate PTW system is introduced; 

Training programmes and competence standards are established and 

maintained; 

Monitoring/auditing/ reviewing of the P.T.W. system is established and 

maintained. 



78 
 
Installation Manager/Vessel Master should ensure that: 

All personnel who operate and use the P.T.W. system are competent to do so; 

The planning, issue and return of permits is properly coordinated; 

A secure method of electrical and process/mechanical isolations is 

implemented; 

Adequate time is allowed during shift changes to ensure effective transfer of 

information on outstanding permits; 

The system is regularly monitored to ensure that the PTW system is 

implemented effectively. 

Diving Contractor’s management should ensure that: 

They are informed of and understand the broad principles of the PTW system 

for the locations where their employees are to work 

Their employees have been given the appropriate training and understand the 

operation of the P.T.W system and their specific responsibilities within it 

They monitor the training of their employees. 

Dive Supervisors (or person in charge of the work) should ensure that: 

They have received training in the PTW system as applied in that particular 

location 

The members of the dive team have received adequate instruction in the 

system 

They discuss the job fully with the person issuing the permit 

The permit is posted at the work site 

The diving team is briefed on the details of the permit including any potential 

hazards, and on all the precautions taken or to be taken 

The precautions are maintained throughout the work activity 

Members understands that if circumstances change work must be stopped and 

advice sought 
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The team stays within the limitations set on the permit (physical boundaries, 

type of work and validity time) 

On completion or suspension of the work the site is left in a safe condition and 

the permit issuer is informed. 

Diving team should ensure that: 

They have received instruction and have a good understanding of the PTW 

system at the installation where they work 

They do not start any work requiring a permit, until it has been properly 

authorised and issued 

They receive a briefing from the Diving Supervisor on the particular task and 

they understand the hazards and the precautions taken or to be taken 

They follow the instructions specified in the permit 

When they stop work, the site and any equipment they are using is left in a safe 

condition 

If in any doubt or if circumstances change, they must stop work and consult with 

their supervisor. 

Permit-to-Work Cycle 

In most instances diving operations will fall under the vessel/installation and/or 

client Permit-to-Work system. The procedure must be followed and no diving 

work shall be carried out without a work/diving permit. 

CO-ORDINATION 

It is important to ensure that work activities, requiring permits to work, are 

planned and coordinated in order to avoid risks caused by simultaneous 

activities. This coordination is best achieved by having one person, usually the 

Installation Manager, control the issue and return of all permits to work.  

PLANNING 

Careful planning of work requiring a permit should take place to ensure:  

Appropriate approval for the work; 
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All persons in charge of areas which may be affected are made aware and hence 

take precautions against possible interaction with other work activity; 

Sufficient time to identify all potential hazards, implement precautions and 

prepare the worksite. One suggested technique of achieving this is a Job Safety 

Analysis). 

HAZARD ASSESSMENT 

A critical element of the PTW preparation stage is an assessment of the hazards 

which may be associated with the work to be undertaken. Such assessment 

should be carried out by the permit issuer, in conjunction with the Dive 

Supervisor and any other persons whose specialist knowledge may be needed. 

The following principles apply to assessments: 

Precise details of the work to be undertaken should be obtained from the Task 

Supervisor. Consideration should be given to any safer alternatives, either in 

terms of the timing, or the intended method of performance of the work; 

The “process” hazards should be considered. This will include a consideration of 

hazards associated with the material being handled, and of process equipment; 

The practical difficulties of carrying out the work should be assessed, if 

necessary consulting the discipline specialists undertaking the work; 

The possible impact of the work on the surrounding environment should be 

assessed. Potential hazards to the safe execution of the work arising from the 

surrounding environment should be similarly considered; 

From the assessment of the hazards involved, the precautions which will have to 

be taken to enable the work to be carried out safely may be deduced. 

CROSS REFERENCE 

The objective of a cross reference is to ensure that no interaction takes place 

between work activities which might endanger the safety of personnel or the 

installation. The permit issuer should, by knowledge of work going on in his area 

of responsibility, be aware of potential interaction when issuing different 

permits for the same piece of equipment or system, or where there may be 

potential conflict with adjacent work activities. 

LIFE/VALIDITY OF PERMITS 
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In order that effective control is maintained in changing circumstances there 

should be a limit on the life of a permit. Depending on the task, the overall life 

of a permit could be up to 7 days. Most companies prefer to end the permit at 

the end of each shift and issue a new one if work is continuing beyond one shift. 

PRECAUTIONS 

The permit issuer and other responsible persons involved in raising the permit 

should indicate on the permit those precautions which will be necessary to 

allow the work to proceed. The type of precautions will be dictated by the 

nature of the work to be undertaken. In broad terms they will be concerned 

with the following: 

The safety of personnel in terms of protective equipment to be worn or used; 

The safety of the plant or equipment associated with the work (e.g. isolations); 

The safety of the actual task (e.g. preventing gas pocket formation during 

underwater oxy-arc cutting). 

SIGNATURES 

Before any work subject to a permit is allowed to commence, certain signatures 

will be required. 

The number and designation of the signatories will be determined by the type 

of permit, and the nature of the work to be undertaken. This should be specified 

within the PTW system. 

Where a transfer of responsibilities takes place, e.g. a different Supervisor 

assumes responsibility for the permit or for the work, provision should be made 

for this person to sign the valid permit. No one should authorise/issue a work 

permit for work they will carry out themselves. 

Process 

DISPLAY OF PERMITS 

It is important that permits are displayed so persons who need to be aware of 

them, or to refer to them, are able to do so. 

Copies should normally be distributed/displayed as follows: 



82 
 
At the worksite. Where this is not practicable (eg at an exposed location), the 

person in charge of the job should retain the copy on his person; 

At the main control/co-ordination room/vessel bridge, where they should be 

displayed in a systematic arrangement 

Where the permit issuer is remote from the main control/co-ordination centre, 

he should have a copy of the permit. 

REVALIDATION 

Permits should be revalidated in order that the permit issuer can satisfy himself 

that the conditions under which the permit was originally issued remain 

unchanged to allow work to continue. Revalidation is normally done at the 

completion of a shift. 

SUSPENSION 

Work being carried out under a PTW system may have to be stopped before the 

work is completed. Typical circumstances where this may arise are:  

In the event of an emergency 

For operational reasons to prevent interaction with another activity 

Work carried out during single shift only 

Waiting for materials or services. 

In certain circumstances it may be appropriate to cancel the permit and to 

implement a secure long term isolation procedure. 

SHIFT HAND-OVERS 

Shift changeovers can be one of the most vulnerable times for the PTW system. 

The failure to pass on information or the correct information has been shown to 

be the cause of many accidents. Installation owners should take into account, 

when developing PTW systems, the importance of planning the shift change 

such that there is sufficient overlap to allow proper review and discussion of the 

status of all permits to work. 

MONITORING 
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The monitoring of a P.T.W. system should be a continuous activity. The intent of 

such monitoring is to ensure that the conditions under which the permit was 

issued remain unaltered, and that the precautions specified on the permit are 

being complied with. 

Completion 

RETURN OF PERMIT 

On completion of work, the issued copies of the permit should be re-united and 

returned to the point of issue. The copies should then be signed off by the 

permit issuer and the Supervisor to indicate completion, subject to a 

satisfactory inspection of the worksite. Other signatories to the permits should 

also be informed of its completion. 

SITE INSPECTION 

Prior to signing off the permit, the permit issuer or a delegated representative 

should conduct an inspection of the worksite to confirm that it has been left in a 

satisfactory condition. The person in charge of the work, in signing completion, 

is making a statement that the worksite has been left in a safe condition, and 

the permit issuer has to be satisfied of this before he signs his acceptance of the 

completed permit. 

RETURN TO SERVICE 

There should be a formal procedure for returning equipment to service which 

has been subject to work under the PTW system. 

This procedure should consider the following: 

That work on the plant/equipment has been completed 

That the plant or equipment has been left in a safe condition, and that this has 

been verified by the person finally signing off the permit 

That all isolations/overrides pertaining to the plant or equipment have been 

removed/cancelled, or that the status of any remaining isolations/overrides is 

known to Operations personnel 

That the Operations person responsible for that area formally acknowledges his 

acceptance of the plant or equipment. 
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LOGS/RECORDS 

The PTW system should call for a record to be kept of permits issued over a 

specified period. Such a system may consist of a permit log book itemising 

issued permits, or of permit copies being retained for the specified period. The 

period for retention of records is typically 12 months 

VO2 Max 

Diving is a safety-critical and physically demanding activity which places 

unavoidable physical, physiological and psychological stresses upon participants. 

For those reasons, divers require adequate reserves of physical fitness. Above-

average levels of physical fitness and endurance retained as a result of regular 

physical exercise or training are considered to be protective against 

decompression illness and provide protection against other health risks. 

A lack of physical fitness in divers has been identified as a significant 

contributory factor in a number of diving incidents. Lack of physical fitness may 

not only affect the safety of the diver himself; it may also have a serious impact 

on the safety of his colleagues, e.g. when an unfit person acting as a standby 

diver is required to perform a diver rescue. Safety during diving projects is 

largely dependent on the medical, mental, and physical fitness of participating 

commercial divers. 

Cardiovascular fitness, which is a health-related component of physical fitness, 

refers to the physical work capacity of an individual in the form of amount of 

oxygen capacity per kilogram of body weight over time (mL/kg/min). It is 

important because without adequate cardiovascular fitness other aspects of an 

individual’s overall physical fitness are unlikely to perform sufficiently.  

VO2 Max is widely accepted as the single best measure of cardiovascular fitness 

and maximal aerobic capacity. 
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Figure 41: Divers physical fitness  

 

What is VO2 Max 

VO2 max is the maximum rate of oxygen consumption as measured during 

incremental exercise. Maximal oxygen consumption reflects the aerobic physical 

fitness of the individual and is an important determinant of endurance capacity 

during prolonged, sub-maximal exercise. 

VO2 max is expressed either as an absolute rate in (for example) litres of oxygen 

per minute (l/min) or as a relative rate in (for example) millilitres of oxygen per 

kilogram of body mass per minute (ml/kg/min). The latter expression is most 

often used in connection with the physical fitness testing of commercial divers. 
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Figure 41: VO2 Max 

Measuring VO2 Max 

Accurately measuring VO2 max involves a physical effort sufficient in duration 

and intensity to fully tax the aerobic energy system. In general, clinical and 

athletic testing, this usually involves a graded exercise test (either on a treadmill 

or on a cycle ergometer) in which exercise intensity is progressively increased 

while measuring ventilation and the oxygen and carbon dioxide concentration 

of the subject’s inhaled and exhaled air. VO2 max is reached when oxygen 

consumption remains at a steady state despite an increase in workload. 

The use of a modern metabolic cart during a graded exercise test provides a 

very accurate direct method of measuring an individual’s VO2 max (2% 

confidence). However, exercise testing of this nature involves access to 

expensive equipment and expert personnel. Such methods are generally judged 

to be too complex and costly to be considered as a routine. For most diving 

contractors, direct methods of measuring VO2 max are not a reasonably 

practicable option. 
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Figure 42: VO2 Max measurements  

Fortunately, indirect methods of estimating an individual’s VO2 max are 

available. While they are not as accurate as direct exercise testing protocols, 

such as the method shown in Figure 1, indirect exercise-testing protocols are 

used successfully by many organisations (e.g. the military, police and fire 

services) for routine monitoring of staff physical fitness levels. Indeed, the UK 

HSE MA1 document specifies that one such indirect exercise testing protocol, 

the Chester Step Test (CST), should be used by HSE Approved Medical Examiners 

of Divers (AMEDs) to estimate VO2 max during annual diving medicals. 

The Chester Step Test is a sub-maximal test based on the VO2 max protocol. 

The following extract from UK HSE MA1 Rev. 4, The Medical Examination and 

Assessment of Commercial Divers, document is instructive: 

“Testing 

131. At each initial and annual medical, AMEDs should perform a Chester Step 

Test (CST) to estimate the maximal oxygen uptake (VO2 max). This is a measure 

of aerobic capacity and cardiorespiratory fitness. Other methods for 

evaluating VO2 max are available, each with its limitations. The CST has several 
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advantages. It requires minimal equipment, is inexpensive, is relatively easy to 

perform and standardise, and requires little skill from the participant. 

132. The measurement error associated with the CST is around 12–15% but 

accuracy of the results can be improved by careful standardisation of pre-test 

conditions and test procedures. Therefore, it is important AMEDs adopt a 

standardised approach when following the appropriate protocol for performing 

the test and estimating VO2 max. When properly conducted, the CST is reliable 

on a test/re-test basis, reasonably valid for estimating aerobic capacity and 

suited to monitoring changes …” 

Chester Step Test (CST) 

While recognising that other methods for evaluating VO2 max are available and 

may be used, IMCA D 061 (Oct 2018) Guidance on Health, Fitness and Medical 

Issues in Diving Operations recommends the CST as an exercise test protocol for 

use as part of a company Physical Fitness Assessment Scheme for divers. This is 

because the CST: 

Is a standard exercise test method capable of providing a VO2 max figure with 

an associated measurement error of not more than 15%; 

Is a submaximal exercise test; 

Requires minimal equipment; 

Is inexpensive; 

Is relatively easy to perform and standardise; and 

Requires minimal training for the person who will conduct the test. 

However, as with all other submaximal fitness tests based on heart rate 

responses, the CST has an error margin of around 10–15%. Sources of error 

include: variability in predicted maximum heart rate (HRMax), nerves and 

anxiety elevating exercise heart rates and inability to maintain correct stepping 

rhythm. 

Test Description 

Chester Step Test (CST) requires the subject to step on to and off a low step at a 

rate set by a metronome or music beat on the accompanying audio file. Every 

two minutes the heart rate and exertion level (RPE) are checked and recorded. 
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The test then progresses to the next level or stage where the stepping rate is 

increased slightly. There are a total of 5 stages with 3 stages required to be 

completed as a minimum in order to determine a reliable outcome. 

 

Figure 43: Chester steps 

The CST continues in this progressive manner until the candidate reaches 80% of 

their maximum predicted heart rate (80%HRMax) and/or reports a moderately 

vigorous level of exertion (RPE=14). Aerobic capacity and fitness rating may then 

be determined using the Chester Step Test Data Collection and Results (CST 

DC&R) sheet. 

Note: Your maximum heart rate (HRMax) can be calculated with the 

formula: (220 – age) BPM 

Monitoring Exercise Heart Rate. 

Heart rate is monitored continuously throughout the fitness test for a number 

of reasons: 

For safety purposes, ensuring that the cardiac stress remains within acceptable 

limits. 

For measurement accuracy, rather than post-exercise palpation. 

To monitor the increasing heart rate with increasing workload and perceived 

exertion. 

To enable a comparison of heart rate responses in subsequent test occasions to 

monitor improvements. 
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To enable aerobic capacity to be predicted from exercise heart rate responses 

to increasing workloads and oxygen demand. 

Rating of Perceived Exertion (RPE) 

In addition to monitoring heart rate, the subject is asked to state an RPE value 

(Borg 1994) from the RPE Chart at the end of each 2-minute step test.  

RPE has been found to be a reliable and valuable indicator in monitoring 

exercise tolerance and numerous studies have shown that RPE correlates well 

with exercise heart rates and oxygen consumption values. The Borg Scale (1994) 

has been used for many years both to prescribe exercise intensity and to 

monitor improvements during fitness test, such as the Chester Step Test. 

 

Figure 44: Chester step chart  

VO2 Max in Medical Assessment of Commercial Divers 

Commercial diving can be very demanding, both physically and mentally, and 

divers need a good level of physical fitness. This is particularly important for 

underwater emergencies where a diver may need to rescue a colleague. At each 

initial and annual medical examinations, Approved Medical Examiners of Divers 

(AMED) should perform a Chester Step Test (CST) to estimate the maximal 

oxygen uptake (VO2 max) and assess cardiorespiratory fitness.  
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Remotely Operated Vehicle / Diver SIMOPS 
The combined use of ROV and divers for underwater tasks is relatively common 

practice. The option of divers working close to or being monitored by an ROV 

can improve effectiveness, efficiency and safety. Every scenario is different; 

there are potential problems which can arise when ROVs are used; such as the 

entanglement with divers’ umbilical’s, injury to a diver through collision or 

electrical shock or his obstruction by the ROV and/or its umbilical’s, fittings and 

ancillary equipment, as well as other technical or environmental hazards. 

In respect to ROV and diving operations, a simultaneous operation (SIMOPS) is 

defined as two or more separate work tasks being undertaken in different areas 

at the same time. There is a distinction between SIMOPS and the activities 

described above. These activities are not considered as SIMOPS but as 

combined or close proximity diving and ROV operations. 

SIMOPS can be described as the potential clash of activities which could bring 

about an undesired event or set of circumstances. It is important that SIMOPS 

are identified at an early stage before the work commences. The document 

IMCA M 203 Rev. 0.2 (Jan 2021) provides guidance for all parties involved in 

simultaneous operations (SIMOPs) in support of offshore exploration, 

construction, installation, production, maintenance and decommissioning 

activities across all maritime sectors where SIMOPS may take place. For 

simultaneous diving and ROV operations, all of the guidelines described in IMCA 

D 054, IMCA R 020 Rev. 0.2 (April 2021) Remotely Operated Vehicle Intervention 

During Diving Operations could be applied with special emphasis to be placed 

on: 

The overall authority of the dive supervisor for all operations being undertaken; 

Communication between the ROV superintendents/supervisors and the dive 

supervisor in charge; 

The positioning of the TMS/garage and the routing of the ROV tethers and ROV 

to the worksite; 

Specific worksite procedures to be in place during bell runs and vessel moves. 
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Figure 45: Sim ops ROV/Diving 

 

ROV/ Diving Operations 
ISSUE 

The following list, though not exhaustive, comprises the key hazards posed to 

divers operating in very close proximity to ROVs: 

Snagging/entanglement/entrapment to for with umbilical’s 

Entrapment/crushing by large ROV; 

Collision or strike by a moving ROV causing injury/loss of consciousness/damage 

to diving equipment; 

Injury caused by ROV manipulator/thruster operation or movement; 

Electrocution from ROV insulation failure; 

Disturbance of silt/sediment by the ROV causing reduced visibility; 

Obstructed route to safety/bell access; 

Damage to eyesight by ROV lighting outfit; 

Obstruction/entanglement/entrapment of diving bell; 

High noise levels underwater; 
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ROV colliding with or damaging underwater structures, cables and pipework 

creating a hazard to divers; 

Potential risk of injury if the ROV is used as a means of diver transport (an 

unacceptable practice). 

RISK ASSESSMENT 

As with any other diving or ROV operation, the completion of an effective risk 

assessment process is fundamental to good safety and business practice. 

Whenever it is considered necessary to use an ROV in close proximity to divers, 

a risk assessment should be used to identify the associated hazards and 

corresponding mitigation required, with the aim of ensuring that any remaining 

risk is reduced to a level that is as low as reasonably practicable (ALARP). Ideally 

this should always be part of the project preparation phase and be included in 

the project plan with details of procedures to be adopted. 

A risk assessment is a ‘live’ process and any change to the original circumstances 

and conditions should prompt a revision of the risk assessment in accordance 

with the operating company’s Management of Change (MOC) process, to 

confirm that assumptions and risk levels remain ALARP.  It is strongly 

recommended that ‘ad hoc’ adjustment of diving project plans is not initiated 

during combined diving and ROV operations, unless any change to the plan 

would be considered to be a standard operating procedure in accordance with 

the MOC. 

ROV Team Requirements 

Operation of Remotely Operated Vehicles. The overriding criterion is that 

manning levels should be such as to enable the safe operation of the ROV in a 

combination with divers in close proximity.  

Familiarisation 

As part of the project plan, diver/ROV familiarisation sessions should be held 

onboard prior to the divers entering the water or saturation and should involve 

the ROV and diving personnel and include a ‘hands-on’ review of the tasks and 

tooling to be used. This is preferably undertaken at the ROV with a walk-around 

and discussion of the work to be undertaken by the divers and the ROV crew. 

Post-project, a follow-up meeting should be held to discuss the work and obtain 

feedback. Relevant points should be noted and included in ‘end of trip’ reports. 
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Vessel/Platform Interface 

Where practicable the ROV deployment system should be sited an appropriate 

distance from a diving bell, basket or taut wire launch positions, in order to 

minimise the chances of umbilical entanglement. 

The vessel’s master or OIM and management team should be fully informed of 

the intended operations and any special emergency response requirements 

such as the operation of the vessel or platform's small boat or emergency or 

standby craft. 

ROV Configuration 

It is recommended that WROVs are ballasted negatively buoyant to eliminate 

the risk of a diver being moved out of their excursion range. The ROV should be 

trimmed in such a way that it does not require excessive thrust to maintain 

position or manoeuvre in the water column. 

Thruster guards should be fitted to prevent injury or entrapment of diving 

personnel or their equipment should they come into contact with the ROV. The 

pre/post-dive checks should include inspection of the guards to ensure they are 

securely attached and in good repair. 

 

Figure 46: ROV Thrusters  
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All cables and hoses should be securely tied – this is standard practice on ROVs, 

but needs to be reiterated here to minimise the chance of a loose hose or cable 

snagging or fouling a diver should physical contact be made. 

Where appropriate, all hydraulic/HP lines that are used in support of diver 

operated tooling should have suitable whip checks fitted.  

Electrical Considerations 

Electrical safety relating to divers and ROVs is fully addressed in Section 8.8 of 

IMCA D 045/R 015 (Oct 2010) – Code of Practice for the Safe Use of Electricity 

Under Water – which should be applied. Any insulation fault detected by the 

ROV operator/pilot should immediately be brought to the attention of the 

diving supervisor. All such key areas on the ROV should be identified during a 

pre-dive brief as part of the risk mitigation process for any divers nominated to 

be involved in diving operations with the ROV. 

Regular testing of all ROV line insulation monitor (LIM) systems should be 

undertaken and logged. When supporting diving operations, LIMs should be 

physically tested and recorded as part of the pre and post dive checks and 

repeated on a 24 hourly basis during long dives. 

High voltage warnings should be attached to the ROV and TMS/garage in clearly 

visible locations. The markings should conform to those already in use to 

indicate electrical danger. 

During dive operations, LIMs need to be continuously monitored by the ROV 

crew. Normal readings should be noted and combined operations should be 

terminated if LIM readings deviate from an acceptable level. 

Emergency Procedures 

All ROV and diving team personnel should be familiar with the emergency 

procedures for recovery of the ROV and ensure that they are understood by 

diving personnel. If the personnel/teams conducting combined diving and ROV 

operations are inexperienced it is strongly recommended that key emergency 

procedures are drilled/ exercised at the start of the project to ensure that the 

procedures are effective and understood by all concerned. 

The dive supervisor should ensure that the ROV supervisor and crew understand 

the emergency procedures for recovering the diving bell and the implications of 

these. 
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The ROV operators, especially the pilots involved in diver support, should be 

familiar with the actions to take in the event of a failure with any of the ROV’s 

systems (loss of power, loss of control, etc.). The ROV crew should also be 

familiar with the procedures and equipment required in a diving emergency. 

During diving operations, should there be entanglement between the 

diver/diver umbilical and the ROV, switching power off to the ROV is to be 

avoided. The ROV instrumentation and monitoring system should give any 

indication of potential electrical failure and priority to keeping control of the 

ROV – without power the ROV could be swept into the diver and cause injury. 

Every effort should be made to maintain the ROV in a static position while the 

diver clears the entanglement. Thrusters should be isolated where the 

conditions or situation allows. 

Dive Supervisor Responsibilities & Authority  

Accepted industry practice is that the diving supervisor always has authority 

over the ROV supervisor (or pilot) when combined operations are being carried 

out and divers are in the water with ROVs. The diving supervisor with 

responsibility for the operation is the only person who can order the start of a 

manned dive, subject to appropriate work permits etc. 

The diving supervisor is responsible for 

Ensuring that all divers are aware of the potential hazards of the ROV(s) in use. 

All members of the diving and ROV teams should be made aware of the 

potential hazards and operational constraints of working with an ROV. 

Ensuring that: the ROV supervisor (or pilot) understands the emergency 

procedures for recovering the diving bell and the implications of these; and 

emergency procedures for recovery of the ROV are agreed with the ROV 

supervisor (or pilot) and are understood by diving personnel. 

Authorising the ROV to be dived, recovered, and leave the tethered 

management system (TMS). The ROV should only be deployed or recovered 

with the authority of the diving supervisor and vessel master or OIM while 

diving is in progress and precautions should always be taken to avoid the 

possibility of umbilical fouling. 

The diving supervisor is responsible for coordinating all diver and ROV 

movement. If not co-located with the pilot, he should have direct working 
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communications with the ROV supervisor (or pilot). The diving supervisor should 

report via an agreed means to the person in overall authority for combined 

diving/ROV operations, on at least the following occasions: 

On commencement of operations; 

On any change to the project plan; 

If the ROV develops a significant defect; 

If any defect occurs in diving equipment/spread; 

If environmental conditions change; 

In the event of a safety incident; 

On completion of the task/safe recovery of diver(s). 

ROV Supervisor 

The ROV supervisor is responsible for  

Ensuring that the ROV is configured in a state which is as safe to the diver(s) as 

reasonably practicable and for the completion of the ROV element of the 

project risk assessment. 

Ensuring that any known defect or weakness in the ROVs operating capacity is 

to be brought to the attention of the diving supervisor prior to operations 

commencing. 

Ensuring that the pilots employed on the project are suitably qualified and 

experienced to be able to safely control the ROV in combination with divers for 

the project or task concerned. 

ROV Pilot 

ROV pilots should immediately bring to the attention of the ROV supervisor any 

doubt or concern that they have with regard to their ability to conduct the task 

they have been given; they should not be inexperienced in combined ROV/diver 

operations and less experienced pilots should be actively monitored by a 

suitably experienced ROV supervisor or nominated qualified instructor. 
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ROV pilots should immediately inform the diving supervisor/control of any fault, 

alarm or other ROV system defect which occurs when the ROV is in operation 

and divers are in the water. 

Communication 

There should be a formal communication plan (included in the project plan) to 

ensure that all relevant personnel are able to communicate operational and 

safety matters required for the project. This communication plan should include 

the following as a minimum: 

Procedures for lost/failed communications. Loss of communications would 

necessitate a ‘STOP’ call to be made and rectification of any shortcomings prior 

to recommencement; 

Provision of dedicated hardwire voice communications between key stations 

(bridge/OIM control room/ ROV and dive control); 

Provision of an emergency back-up communications system (UHF/VHF/general 

telephone system); 

Provision for video distribution (preferably at least 2 video signal/channels) to 

key stations (as a minimum ROV video to dive control/diver video to ROV 

control and visible to ROV pilot). Where practicable, the provision of a repeater 

monitor displaying the ROV video on the bridge should also be considered; 

Communication checks to be conducted pre-dive and at regular intervals during 

‘working’ dive; 

The communication plan needs to be distributed to all relevant personnel. 

In addition, the diving supervisor should be supplied with a repeater monitor 

showing the same picture seen by the ROV pilot. 
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Figure 47: Communications 

 

It is vitally important to consider the practical aspects of language commonality 

and cultural nuances when working with teams made up from multi-national 

resources. Common ‘emergency terminology and phrases’ need to be agreed 

and understood by all those involved to avoid confusion. 

Location, Position & Routing  

When planning deployment of the ROV, consideration should be given to the 

use and positioning of the ROV and particularly the TMS/garage in relation to 

divers and the bells. This is especially so when working in strong currents and/or 

at shallow depths. 

A WROV should remain in the TMS/garage for shallow diving support and make 

best use of the zoom capacity of the fitted cameras if visibility allows. 

If a WROV is required to work in close proximity to a diver, the work task should 

be risk assessed and a safe distance maintained at all times. If this is an 

otherwise unplanned but essential requirement, a dynamic risk assessment/RA 

or TBT should be conducted by the ROV and dive supervisors prior to carrying 

out the task. (It is accepted that in an emergency situation, assistance to a diver 

in distress may need to be done without any RAs and TBTs.) 

Subject to visibility conditions, a 4 metres minimum safe working distance 

around the active WROV into which the diver should not enter is recommended 

for normal diving/ROV operations. 
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The WROV location should be known and the vehicle should be static prior to 

the diver entering the worksite. Equally, the diver should move clear of the 

WROV before it moves. Wherever possible the diver should always remain in 

full camera view and maintain a safe position with respect to the WROV. 

Launch and recovery of any ROV should be considered as a suspended load and 

normal procedures for this operation applied. 

 

Figure 48: Work class ROV 

Where practicable the ROV deployment system should be sited an appropriate 

distance from the diving bell, basket or taut wire launch positions in order to 

minimise the chances of umbilical entanglement. 

The location of the TMS/garage (i.e. higher or lower than the diving bell/basket) 

is dependent on the work to be carried out and the distance to the bell. Best 

practice is for the TMS/garage to be located within the limits of excursion of the 

diver such that a diver would not be carried beyond his excursion limit should 

he become entangled with the ROV tether. 

ROV supervisors and pilots should be aware that the vehicle’s umbilical/tether 

could have become entangled with the diver’s umbilical through the effects of 

current/tidal stream or diver activity even when the ROV itself has not been 

moved. Subsequent manoeuvring of the ROV may then have a serious impact on 
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the safety of the diver even when it appears that the ROV is some distance away 

from the diver. Umbilical management by the dive team is equally important 

and all concerned should remain alert to the risk of entanglement occurring in 

apparently benign conditions. The risk of entanglement will obviously be 

increased in low/poor visibility conditions and should always be fully considered 

in the risk assessment process. 

Operational Procedures 

When a TMS/garage is used it will be untended when the ROV is at the worksite 

and generally cannot be seen by either the ROV supervisor (pilot) or diving 

supervisor. Its exact (referenced) position should, therefore, be established and 

promulgated to all control stations involved in the operation.  

In the event of the ROV umbilical becoming entangled, the diver may, if the 

situation allows, take instructions for remedial action from the diving supervisor 

who should liaise with the ROV supervisor (or pilot). It needs to be remembered 

that the ROV umbilical will be carrying electrical power and should be 

electrically isolated before any such operation 

‘On-site’ operational procedures should be established in advance and recorded 

in the project plan. Any subsequent changes should be properly authorised and 

made clear to all concerned before they are implemented. The following 

procedures are provided for guidance but should not be considered as 

exhaustive: 

Depending on underwater visibility conditions, the lights of an ROV may be used 

to help divers find their way from the dive basket or bell to underwater work 

sites. However, owing to the risk of injury, under no circumstances should the 

ROV be used to transport the diver from one underwater location to another. 

If the ROV supervisor (or pilot) is unable to determine or maintain the position 

of the ROV due to poor visibility, high currents, disorientation or technical 

reasons, the diving supervisor should immediately be informed; 

If disoriented the best course of action for the pilot is to attempt to maintain 

position with minimum thrust and make a calm reassessment of the situation; 

All moves of the ROV should be planned prior to execution. Positions of all 

hazards in the water (diving bells, taut wires, hoses, etc.) should be ascertained 

by the pilot before moving; 



102 
 
Whenever possible keep all divers in view. Consider dimming the ROV lights to 

allow the divers’ hat lights to be seen from a distance or request the dive 

supervisor to flash the hat lights if required; 

Consideration needs to be given in the positioning of the ROV at the worksite. 

The pilot should plan for the effects of loss of propulsion in his current or 

intended position; 

Taking up an observation position down current is preferable to up current in 

the event of a power failure; 

Always try to locate the ROV such that there is a clear path back to the 

TMS/garage and that the path is down current if at all possible; 

Placing the ROV between the divers and bell should be avoided if at all possible; 

Positioning the ROV or its tether below the bell during a bell run is not 

acceptable; 

Divers should not cross over an ROV tether. If the situation arises where a diver 

has to do so, i.e. tether is on the seabed, the dive supervisor should make all 

aware that this has occurred and as soon as possible afterwards, the diver 

should retrace their steps and clear the umbilical from the tether; 

During bell runs, if not required to monitor the bell during ascent/decent, a 

WROV should be returned to the TMS/garage or moved to a safe location. 

Surface Supplied Mixed Gas 

Surface supplied diving using a mixture of helium and oxygen as the breathing 

gas can be used to increase the range or duration of surface diving operations 

without the use of saturation techniques. It is not however intended to be used 

as an effective alternative to saturation diving. 

Surface Supplied Mixed Gas Diving Operations, identifies what is generally 

regarded in the diving industry as good practice to achieve safe working during 

surface supplied mixed gas diving operations. Principal areas covered are safety 

considerations, personnel and equipment requirements. National Regulations 

may exist in some parts of the world that limit or exclude the use of this 

technique (for example by restricting depth). In such cases these Regulations 

must always take precedence over guidance. 
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Figure 49: Surface Gas diving  

Safety Considerations 

There are a number of safety issues associated with surface supplied mixed gas 

diving operations. If the dive is at a depth shallower than 50 metres, then the 

safety considerations are likely to be similar to those for other surface supplied 

diving operations (apart from the complexities of the gas mixes) however if the 

dive is in the depth range between 50 and 75 metres then further safety 

considerations will be required. 

The application of the following will assist in providing a safe working 

environment: 

Provision of working procedures approved by relevant parties as defined within 

the safety management system; 

Adequate briefings prior to commencement of diving operations; 

Use of personnel experienced in this type of diving; 

Use of equipment suitable for this type of diving. Information on the equipment 

needed and the standards of this equipment are given in Diving Equipment 

Systems Inspection Guidance Note for Surface Supplied Mixed Gas Diving 

Operations  

Operational Limits 

The technique has limitations and due to the inherent risks involved, this type of 

diving should only be conducted within the following parameters: 
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A properly equipped wet bell is required for surface supplied mixed gas diving; 

Maximum depth should be limited to 75 metres; 

For depths between 0 and 50 metres, the bottom time should be limited such 

that the in-water decompression required is less than 100 minutes; 

For depths between 50 and 75 metres, the bottom time should be limited to a 

maximum of 30 minutes. 

Risk Assessment 

The risk assessment should consider: 

The depth at which the dive will take place; 

The diving platform being used (fixed installation, anchored barge etc); 

Using this technique from a DP vessel. This needs to be carefully considered as 

the divers do not have the same ready access to a pressure-controlled 

environment as they would if a closed bell were in use. In-water decompression 

from a vessel that has lost position-keeping ability may not be possible; 

Predictability of weather conditions, where the vessel may be subject to sudden 

squalls or unpredictable sea conditions endangering the wet bell in the water; 

Tidal conditions, e.g. where dives are limited to periods of slack water; 

Visibility; 

Diver recovery in the event of a vessel or platform emergency, particularly if 

long in-water decompression is planned; 

Evacuation of a diver undergoing decompression in the surface chamber if an 

emergency arose such as a vessel / installation fire. 

Working on, or in the vicinity of, offshore installations; in particular, any 

obstructions or items that could snag an umbilical, causing equipment damage 

or over run of bottom time; 

The duration of the diver’s bail-out bottle at maximum anticipated depth. This 

should be estimated to allow the diver with one minute’s duration for each 10 

metres of horizontal distance he is away from the safe refuge (the wet bell); 

The amount of emergency gas carried on the wet bell; 
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Water temperature. Cold water adds an additional element of risk; the water 

temperature (cold water or warm water) may cause problems during long in-

water decompression stops; 

Where the standby diver is located and the length of time it would take him to 

reach an incapacitated diver; 

Nature of work to be performed; 

Air and Gas Supplies 

A wet bell is required for surface supplied mixed gas diving. A wet bell provides 

a gas bubble in the event of umbilical failure or for an unconscious diver 

requiring cardio-pulmonary resuscitation. 

The wet bell will require adequate supplies of all breathing mixtures used during 

the course of the dive (including bottom mix in the event of a trapped diver). 

This will normally entail separate gases supplied by a surface umbilical coupled 

to a suitable manifold system, with gas in sufficient quantities for the 

decompression periods involved; 

Careful consideration needs to be given to the total amount of each gas to be 

provided taking into account the provision of gas for an emergency; 

The importance of adequate supplies of onboard gas fitted to the wet bell is 

highlighted because the diver’s bail-out will contain only one of the breathing 

mixtures utilised (normally bottom mix) and will not be sufficient for emergency 

decompressions. This could have an impact on the size/weight of the wet bell 

and the handling spread. 

As a minimum, there should be 7m3 of both bottom mix and compressed air for 

each diver at the maximum depth planned. 

Recovery of an Injured Diver 

The location of the stand-by diver (the primary method of rescue) should be 

considered in detail at the time of the risk assessment. The stand-by diver will 

then either be based on the surface or will tend from the wet bell itself. Some of 

the matters to be considered in the risk assessment are: 

The time taken for a surface stand-by to reach the diver. As the working depth 

increases, this factor will become more relevant; 
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Some decompression tables involve switching gases during descent; this 

practice may not favour emergency procedures involving a surface based 

standby diver; 

Strong currents, poor visibility or snagging hazards that could delay a surface 

standby from descending; 

Access to the water by a surface standby diver; 

The exposure of a diver acting as standby diver in a wet bell to possible lengthy 

decompression. 

In addition to a standby diver located inside the wet bell, a surface standby 

diver may well be considered as a secondary means of providing assistance, 

particularly during in-water decompression at shallower depths. 

The wet bell should have a securing mechanism for attachment to the diver’s 

harness to ensure that the head of an unconscious or injured diver can be kept 

in the gas bubble of the wet bell dome. 

Consideration of the size and layout of the wet bell is needed, particularly with 

regards to the umbilical stowage space (if relevant), as well as the space 

required for an unconscious diver plus the standby diver in the event of the 

stand-by diver having to rescue the working diver. 

Operational Method 

During surface supplied mixed gas diving operations, particularly at deeper 

depths, it is vital that the diver is always able to return to his safe refuge (the 

wet bell) as easily as possible. For that reason, it is important that his umbilical 

is arranged such that it will always lead him back to the refuge. This can be done 

in a number of possible ways: 

His umbilical is terminated at the wet bell rather than coming from the surface; 

If using an umbilical from the surface, then it is passed through a running 

shackle arrangement mounted on the wet bell; 

If using an umbilical from the surface, then the diver makes a point of exiting 

through the side opening of the wet bell such that his umbilical is running 

through the bell. Care should be taken that his umbilical cannot become fouled 

on gas cylinders or other equipment mounted on the wet bell. 
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Personnel 

Divers 

Divers should hold a surface supplied diver certificate, have logged surface 

supplied deep diving experience and are familiar with the use of a wet bell. 

Divers should have received adequate familiarisation training in the use of this 

technique. In-house familiarisation training should be carried out with content, 

date and performance recorded. 

In general, the working and standby divers should meet the following criteria 

(this does not include dives during diver training): 

A minimum of 200 logged offshore surface supplied dives (air or mixed gas) to 

depths greater than 30 metres; 

Logged verification of at least 10 previous dives completed from a wet bell. 

When reviewing competences consideration needs to be given to the role that 

the individual may be asked to play throughout the whole operation. For 

example, the diver acting as a tender during one dive may be the standby diver 

in a subsequent dive and would then require to be competent for both roles. 

Supervisors 

The diving supervisor requires to be an experienced surface supplied air diving 

supervisor. He should also have previous experience of surface supplied mixed 

gas diving operations either as a diver or as a supervisor. 

It should not be assumed that all supervisors holding an IMCA Bell Diving 

Supervisor certificate will be familiar with surface supplied mixed gas diving or 

that they will have the training, knowledge or experience required for running 

such an operation. 

There are a wide variety of tables in use, many of which involve frequent 

changes of gas mixtures, and these need to be clearly understood by the 

supervisor in addition to the normal responsibilities that a supervisor has for the 

safe execution of a diving operation. 

All supervisors should have received adequate familiarisation training in the use 

of the technique and the decompression tables to be utilised. In-house 
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familiarisation training should be carried out with content, date and 

performance recorded.  

Manning Levels 

The absolute minimum number of personnel required to carry out an offshore 

surface supplied mixed gas dive is six. This is made up of 1 supervisor (who does 

not dive) and 5 personnel who are qualified to dive. In practice, most diving 

teams will be much larger. Consideration may be given to having extra 

personnel available to assist with umbilical’s or similar in an emergency. 

This team will allow one dive with one working diver in the water (N.B. there 

may also be an in-water standby diver). After that dive is complete, once the 

diver (and where appropriate the in-water standby diver) have been fully 

decompressed and are able to take their places as members of the diving team 

on the surface, it may be possible to carry out another dive using one of the 

other divers as the working diver (and one as the in-water standby if 

appropriate). This assumes the dive team still have adequate time available to 

carry out a second dive before they require a rest period. 

If it is planned to carry out more than one working dive in the day, then a larger 

team (normally at least eight) will be required. 

The use of an in-water standby diver in the wet bell may increase the team size 

required for a surface supplied mixed gas diving operation from the minimum 

required for a normal such operation. 

The provision of additional adequate and suitable personnel in the dive team 

will need to be carefully considered during the planning of this type of diving 

operation, for example whether a dedicated system technician and/or 

dedicated winch operator is required. 

Equipment 
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Figure 50: Surface diving 

 

Diving Equipment 
The level of equipment required to conduct a surface supplied mixed gas diving 

operation will vary according to the work programme however there are certain 

key elements required. 

Information on the equipment needed and the requirements for this equipment 

are given in Diving Equipment Systems Inspection Guidance Note (DESIGN) for 

Surface Supplied Mixed Gas Diving Operations (IMCA D 037 – Part 2) 

The following represent the key elements if a safe dive is to be performed: 

A dive panel and gas distribution system that has been purpose designed for 

surface supplied mixed gas diving and is clearly marked to provide for suitable 

diver (and surface or in-water standby) supply and the proper switch of gases in 

accordance with the contractor’s diving tables; 

Provision of sufficient and suitable back up gas supplies; 

Provision of sufficient and suitable oxygen analysers fitted with audio/visual 

alarms; 
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Provision of a wet bell and deployment system, properly fitted out with 

adequate onboard gas supplies in the event of failure of the surface supply; 

Note: There is normally no foreseen requirement for high pressure oxygen to be 

fitted to the wet bell, which should ensure that there can be no accidental 

switch of pure oxygen to the diver’s mask. 

Provision of a secondary recovery system sufficient to manage the controlled 

ascent of the bell in the event of failure of the main system. The secondary 

recovery system will also need to be adequate to provide for the in-water 

decompression stages that many tables call for; 

As many tables may require the use of high oxygen content gases to be 

administered during in-water decompression stops, all equipment should be 

subject to a frequent and thorough oxygen cleaning regime. There should also 

be a suitable means to ensure that this supply cannot be accidentally turned on; 

Consideration should also be given to the provision of adequate equipment to 

maintain the diver’s body temperature both during time on helium-based 

mixtures and during long staged decompression. Diver exposure and body 

temperature requirements should be addressed as part of the detailed risk 

assessment, including potential failure of any hot water system. 

Decompression Facility 

For surface supplied mixed gas diving the following are the minimum 

requirements for the DDC: 

Two compartments; 

Minimum internal diameter of 1.37 metres (54”) if only one diver in the water 

and only one diver requiring decompression at any one time; 

Minimum internal diameter of 1.5 metres (60”) if more than one diver in the 

water or more than one diver requiring decompression at any one time; 

As a minimum there should be one mattress such that an injured diver can be 

given medical treatment while lying prone in the main compartment. 

In a 1.5 metre diameter (or larger) chamber there must also be at least one 

fixed bunk a minimum of 1.8 metres long 
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A means of ensuring the chamber occupants are maintained in thermal balance. 

This could be by fitting heating / cooling inside the chamber or by siting the 

chamber in an area where the whole chamber can be maintained at a suitable 

temperature. 

Decompression illness occurring as a result of a surface supplied mixed gas dive 

may require deeper therapeutic decompression than would normally be used 

for air diving. Surface supplied mixed gas diving procedures should clearly state 

the provisions made for treatment of decompression illness which does not 

respond to treatment on standard tables and sufficient quantities of therapeutic 

gas mixtures, in addition to the minimum quantities of medical oxygen, should 

be available to carry out two full treatments. 

Consideration should be given to the possibility that a diver may require 

saturation techniques for treatment of serious decompression illness. This may 

be addressed in either of two ways: 

The ability to transfer a diver under pressure into a saturation diving system 

which will allow treatment to be carried out; or 

The adaptation of a two compartment chamber (with adequate working depth) 

to carry out therapeutic treatment in saturation conditions. In such a case 

careful consideration should be given to chamber size as well as additional gas 

supplies and controls. Environmental control will need to be maintained and 

facilities made available for toilet/washing etc. 

Selection of Tables 

The diving project plan should clearly identify the working depth, number of 

working divers, maximum umbilical lengths to reach the worksite, maximum 

bottom time, required decompression time, gas mix changes and depths at 

which they occur. 

In addition to the diving contractor’s own tables and procedures, several 

commercially available surface mixed gas tables exist (e.g. Canadian and US 

Navy). Whatever tables are used, the diving doctor on call as part of a project’s 

emergency procedures should be familiar with and have immediate access to 

these tables. 
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Guidance on Surface Swimmers 
In 2012, IMCA published Information Note IMCA D 04/12 Surface Swimmers. 

The 2012 information note presented the view that surface swimming was an 

inappropriate technique for offshore construction activities. In 2019, IMCA 

reviewed and adjusted its position on surface swimming to bring it more into 

line with other industry guidance on the subject, and IMCA D 04/12 was 

withdrawn. IMCA’s adjusted position was presented in Information Note IMCA 

D 08/19 Surface Swimmers. 

The present document, IMCA D 066 Guidance on Surface Swimmers, supersedes 

all previous IMCA guidance on the subject, including Information Note IMCA D 

08/19 which is withdrawn. 

Historically, surface swimmers have been used to complete a variety of offshore 

work tasks in the field including: 

Inspection work on floating hoses; 

Installation or maintenance work on floating hoses; 

Work in and around SBM’s; 

Work associated with pipe laying operations; and 

Work in the splash zone area. 

Such work tasks are often conducted from a small craft or from the side of a 

barge/vessel. 
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Figure 50: Surface Swimmer 

NON-USE OF SURFACE SWIMMING 

Surface swimming should not be used where the requirement is for a person to 

place his/her head under water. Fully equipped divers operating in accordance 

with the IMCA international code of practice for offshore diving (IMCA D 014 

Rev.2.1) should always be used in such circumstances. 

WHEN PLANNING SURFACE SWIMMING OPERATIONS 

The following should be considered during the planning of surface swimming 

activities: 

A detailed risk assessment of the planned work will need to be conducted and 

all necessary control measures arising from the hazards must be implemented; 

Minimum team size – There must be a sufficient number of competent and 

qualified personnel to carry out the task. The absolute minimum team size 

required to support one surface swimmer is five, consisting of: supervisor, 

swimmer, standby swimmer, tender of swimmer and tender of standby 

swimmer; 

If a small vessel is used, any marine crew must be in addition to the required 

minimum team size for surface swimming; 

Appropriate personal protective equipment (PPE) must be used. 

  



114 
 

 

Figure 51: Surface Swimmer 2 

PPE FOR THE SURFACE SWIMMER AND THE STANDBY SWIMMER 

Protective coveralls/wet suit/dry suit; 

Gloves; 

Helmet complete with securing straps; 

Full body harness; 

Lifeline; 

Life jacket/buoyancy aids; 

Personal locator beacon (PLB); 

Personal locator lights/head torch light (waterproof); 

Fins, booties; 

Half mask; 

Knife on a lanyard that can cut the tether if required should it be snagged; 

Optional equipment - quick release weight belt to allow the surface swimmer to 

be able to operate easily in a vertical position; divers neoprene hood. 
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Figure 52: Surface Swimmer Equipment  

IF SUPPORT CRAFT OR BOAT IS USED 

If using a small craft as a support boat, a trained and competent coxswain and 

crew must be used, and in addition to the above the following should also be 

implemented: 

Outboard motors must have propeller guards; 

There must be a suitable means of access to the water; 

Signal / distress flares must be available; 

Paddles must available; 

A bailer must be available; 

If operating from a small vessel, a rigid replica of flag “A” of at least 1 metre in 

height should be available for use when the swimmer is in the water; 

There must be means to recover the swimmer safely; 

Sufficient refreshments for all personnel for the duration of the intended 

operation. 

Swimming operations can be physically demanding and the fitness of the 

proposed candidates for carrying out these tasks should be assessed as part of 

the job planning. 
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Figure 53: Small vessel diving  

IF SURFACE SWIMMING FROM VESSEL ON DP 

The swimmer’s lifeline must be restricted in length in accordance with IMCA 

umbilical management advice for diving from DP vessels Diving operations from 

vessels operating in dynamically positioned mode) but with: 

length restriction adjusted to prevent the swimmer or swimmer’s lifeline from 

being able to approach to within 15 metres of the nearest identified hazard. 

standby swimmer’s lifeline must be restricted to prevent the standby swimmer 

or standby swimmer’s lifeline from being able to approach to within 13 

metres of the nearest identified hazard. 

EMERGENCY RESPONSE AND PREPAREDNESS 

For emergency response and preparedness, the following equipment must be 

available at the worksite location ready to use: 

A first aid kit/medical kit prepared in accordance with the recommendations of 

the company Diving Medical Adviser; 

An automated external defibrillator (AED); 

An oxygen administration set; 

A stretcher; 

A safe means of recovering an injured or completely incapacitated swimmer 

from the water; 
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There must be a waterproof hand-held radio and spare available for use on the 

worksite or by the small craft support crew. 

An IMCA Diver Medical Technician (DMT) and/or first aider trained in use of 

AEDs and oxygen administration must also be present. 

 

Figure 54: First aid equipment 

Surface swimming should be a daylight activity only. During the planning phase, 

environmental conditions must be carefully considered, including sea state, 

wave height, current, surface visibility and general weather conditions.  

While the surface swimmer is in the water, the swimmer must be attached to a 

lifeline secured on the swimmer’s harness by a lockable karabiner (or similar). 

The lifeline is to be actively tended and its end secured to a fixed point at the 

tending position.  

In addition to the swimmer’s tender, there must be a lookout watching the 

location and positioning of the swimmer at all times. Consideration should be 

given to having support on standby in or on a Fast Rescue Craft (FRC) or a 

lifeboat (ready to deploy but not necessarily launched). 

A swimmer should not be deployed into or recovered from the water if the 

height or if the freeboard is greater than one (1) metre without there being a 

suitable dedicated means of safe recovery available. This should have been 

identified during the preparation of a site-specific risk assessment for swimmer 

deployment and emergency recovery. 

In the event that the surface swimmer is not able to stay on location to carry 

out his work task comfortably, or if the surface swimmer becomes submerged 

during his work task, the surface swimming operation must be immediately 

aborted, and the swimmer recovered to a safe location out of the water. 
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Figure 55: Surface swimmer 3 

OPERATIONAL PLANNING 

Prior to conducting a surface swimming operational task, a detailed risk 

assessment must be conducted, and all control measures implemented. During 

the swimming operations, a lookout at the site must be appointed to monitor 

the location for approaching vessels, general sea state conditions or for any 

other hazards that could present a risk to the safety of the operation. 

Emergency planning and subsequent testing should be undertaken prior to the 

commencement of any surface swimming activities. Standby swimmer drills 

should be carried out prior to starting the actual work task, communications 

from any remote work site checked, the recovery of an injured or incapacitated 

swimmer tested, and operational and medical support availability confirmed. 

OPERATIONAL SUPPORT 

The surface swimmer should not have his positive buoyancy reduced by carrying 

tools or work equipment. If required, the swimmer should be assisted to 

complete his tasks by intervention from a support boat crew or worksite 

personnel. If this is not practicable, it may be useful to provide a floating tool kit 

capable of making the necessary tools and equipment readily available to the 

swimmer. As the tools may easily be dropped, they should be connected to the 

float or the support vessel, but not to the swimmer. 

Consideration should be given to providing magnets, clamps or other 

mechanisms to provide hand holds or tool holds to assist the swimmer in his 

work. When used to connect a surface swimmer to a structure, any holding 

devices should incorporate a weak link (reference: IMCA D 058 Diver 

attachment to structures by means of a weak link.)  
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SRP Diving Operations 
A mobile/portable/daughter craft surface supplied system or more commonly 

referred to as SCUBA Replacement Package (SRP), can, in certain circumstances, 

be used in place of a complete conventional surface supplied diving system 

where access for a full system is restricted or not possible. 

At the simplest, an SRP comprise of three cylinders of breathing air mounted in 

a frame with a small control panel and umbilical’s which can be placed in an 

inflatable boat, typically to carry out a single dive, or may be used on a large 

barge or platform to allow diving from a location remote from the main, diving, 

area. This type of system has the advantage of being readily portable, thus 

offering greater flexibility during the diving operation, but is limited in the 

supply of breathing air available. 

 

Figure 56: SRP Unit  

The SRP is not intended to be used as a substitute for a complete surface 

supplied diving system, particularly if the full system can be safely 

accommodated at the diving location. 

When this technique is being used with diving from a small vessel (inflatable or 

larger daughter craft) then there will always be a support vessel (known as the 

mother craft) in the vicinity carrying all necessary extra diving support 

equipment and fitted with a suitable handling system for the safe launch and 

recovery of the small vessel. In some circumstances the support vessel may be 

replaced by a fixed installation carrying all the necessary extra diving support 

equipment and handling system. 
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The type of work to be carried out should be carefully considered to ensure that 

this method of diving will be suitable and the diving should be planned to avoid 

the need for decompression. 

Risk Assessment 

All diving projects should be planned and managed in accordance with the 

diving safety management system. An assessment of the general principles of 

the diving technique and equipment to be used should be carried out, as well as 

of the needs of the particular operation. 

This assessment may take the form of a hazard and operability study (HAZOP), 

failure modes and effects analysis (FMEA) or detailed project risk assessment. 

A site-specific risk assessment shall be carried out in which, as a minimum, the 

following should be addressed: 

weather forecast for the period of remote operation; 

tides and currents; 

sea-keeping capabilities of the small vessel; 

mooring arrangements for the small vessel; 

launch/recovery system for the small vessel; 

availability of a second transit vessel; 

depth of the intended operation; 

minimum dive team size; 

amount of breathing gas available; 

life-saving apparatus and personal protective equipment (immersion suits, work 

vests, etc.) available; 

maximum time and ease of access for recovery of the diver (possibly 

unconscious) to the twin lock air chamber; any suction or discharge points in the 

vicinity; 

SRP Equipment 
AIR/GAS SUPPLY 
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An SRP should consist as a minimum of at least three cylinders, each with a 

minimum floodable volume of 46 litres and a working pressure of not less than 

150 bar. In the case of daughter craft diving there would normally be a greater 

number of cylinders to allow for extended operations. 

The cylinders should be manifold through a diving control panel to provide both 

the diver and the stand-by with their own dedicated air supply. The third 

cylinder could be used to supply either diver as their back-up (secondary) 

supply. Each diver must be provided with an adequate emergency air supply 

bail-out bottle. 

 

Figure 56: SRP Unit Gas  

DIVE CONTROL PANEL 

The diving control panel should be provided with appropriate high pressure 

regulators, high pressure (HP) and low pressure (LP) gauges and separate 

control circuits for each diver. There should also be facilities at the panel to 

record the communications between diver(s) and supervisor. A separate 

pneumofathometer (pneumo) or other means of displaying the diver’s depth to 

the supervisor should be provided for each diver. 



122 
 

 

Figure 57: SRP Panel  

DIVER PERSONAL EQUIPMENT 

As a minimum, for one diver working in the water, two complete sets of divers’ 

equipment should be provided. Each set should contain, as a minimum, a diving 

helmet or full-face mask, communication set (providing two-way 

communications with the supervisor), umbilical, diver’s personal equipment 

(diving suit, boots, fins, etc.) and appropriate harnessing to allow safe recovery 

of the diver. 

.  

Figure 58: SRP Umbilical  

ENTRY & EGRESS 

Divers (including the surface standby diver) need to be able to enter and leave 

the water safely and in a controlled manner. Arrangements should also be in 

place to recover an injured or unconscious diver from the water to the deck of 

the small vessel. 
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Figure 59: SRP Umbilical  

Diving from a Small Vessel 

SMALL VESSEL REQUIREMENTS 

The small vessel should be suitable for the purpose. It needs to be able to 

accommodate the number of personnel required plus the portable or built in 

diving system and still allow free movement around the vessel; 

The small vessel should be fitted with an appropriate means of propulsion that 

will allow it to return to the support vessel in any reasonably foreseeable 

weather conditions in a time not exceeding 15 minutes; 

Any intakes for cooling water or other items that may be running during diving 

should be fitted with suitable guards to prevent accidental injury to a diver in 

the water or damage to his equipment; 

Means for divers to safely enter and leave the water in a controlled manner. 

Arrangements should also be in place to recover an injured or unconscious diver 

from the water to the deck of the small vessel; 

A first aid kit and an oxygen administration set should be provided to aid in 

transport of an injured diver to the mother craft; 

The small vessel should have the ability to display the international signal(s) that 

diving is under way. This will typically be the flag Alpha, suitable lights (if 

relevant), etc; 

The small vessel should be equipped with the normal marine emergency 

equipment of torches, flares, 
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The small vessel should be in close vicinity and always within line of sight of the 

support vessel. The line of sight criterion should be interpreted as maintaining 

close visual contact; 

The small vessel should have been subject to a suitable marine audit/inspection 

using Marine inspection for Small Workboats (Common marine inspection 

document for small workboats) – or similar. 

  

 

Figure 60: SRP Diving craft  

SUPPORT VESSEL/MOTHER CRAFT 

A dedicated lookout will be required on the support vessel/mother craft to 

watch the small vessel. There should be reliable and continuous 

communications between the supervisor in the small vessel and the lookout; 

A second recovery craft (such as a fast rescue craft) should be identified and 

available at the support vessel to assist the small vessel in the event of a 

problem with the small vessel. This second craft needs to be ready at all times 

and its crew should not be required to carry out any other duties that could 

interfere with their ability to provide assistance to the small vessel. The 

coxswain and crew of this second craft need to be familiar with and competent 

to operate the second craft; 

A minimum amount of medical equipment (typically as listed in DMAC– Medical 

equipment to be Held at the Site of an Offshore Diving Operation) should be 

held at the mother craft (or barge/platform if relevant) to provide first aid and 

medical treatment for the dive team. 
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DECOMPRESSION FACILITY 

Suitable recompression facilities (typically a twin lock air chamber complying 

with the requirements should be provided on the mother craft (or barge / 

platform if relevant) to provide suitable therapeutic recompression treatment. 

Such a facility needs to be kept in a state of immediate readiness while diving 

operations are taking place. 

There should be a designated route from the point where the small vessel is 

recovered to the chamber. This route should be kept unobstructed at all times 

when diving is taking place and the route should be such that an injured diver 

can be recovered from the small vessel (possibly on a stretcher) and taken to 

the chamber in a reasonably short time period. A trial should be conducted to 

prove this capability. 

DIVING PERSONNEL 

The diving contractor will need to specify the size of the dive team, which 

should be decided on the basis of a risk assessment. As a minimum, when diving 

from a small vessel, the dive team should consist of: 

Supervisor 

Diver 

Stand-by Diver 

Diver’s Tender 

Stand-by Diver’s Tender 

The stand-by diver in the small vessel (or on the barge / platform if relevant) will 

need to be in immediate readiness to provide any necessary assistance to the 

diver, whenever the diver is in the water. He/she needs to be protected from 

weather and other elements (including dropped objects) which may affect his 

concentration. This also means he/she needs to be kept suitably warm (or cool). 

The diving supervisor should also be protected from weather and other 

elements (including dropped objects) which may affect his/her concentration. 

This also means he/she should be kept suitably warm (or cool). The diving 

supervisor needs good access to all relevant areas of control and needs to be 

able to read all gauges and displays without difficulty. 
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A person acting as coxswain of the small vessel should be competent and 

familiar with the vessel. A member of the dive team may act as the coxswain 

provided he/she is competent to do so but may not dive unless a second 

competent coxswain is also on board. 

  

 

Figure 61: SRP Diving craft and crew 

 

Limitations & Considerations 

DEPTH LIMITATION 

The technique is only suitable using compressed air or oxygen and nitrogen 

mixtures (nitrox) to a maximum depth of 50 metres of water. Generally, this 

diving technique is limited to depths of less than 30 metres; diving below this up 

to maximum depth of 50 metres should only be considered in exceptional 

circumstances where the risk assessment indicates it is safe to do so.  

MINIMUM GAS REQUIREMENTS 

All dives should be planned so that at all times there is sufficient gas available to 

satisfactorily complete the planned dive, including a sufficient reserve quantity 

in the event of an emergency where the working diver is delayed, may require 

decompression and/or it may be necessary to deploy the standby diver. This 

quantity will normally have been established during the risk assessment 

process.  

DIVERS’ UMBILICALS 
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The SRP diving technique should not be used where there is a reasonable 

possibility of the diver, or his umbilical, becoming fouled or where immediate 

recovery of the diver cannot be achieved. 

ENVIRONMENT 

Surface Visibility: 

The dive should only take place in conditions of good surface visibility. Diving 

should be restricted to daylight hours unless the small vessel is provided with 

suitable electrical power generation (including back-up power source) for 

lighting. If diving in darkness, the worksite area should be lit up by floodlights on 

the small vessel or from the client’s asset. 

Sea State/Wave Height/Swell: 

Consideration should be given to the sea state/wave height/swell and the 

location from which the dive will take place. Particular consideration should be 

given to conditions local to the diving site possibly caused by effects such as 

vortexes. Consideration also needs to be given to the sea state both during 

launch and recovery from the support vessel and during the diving operation as 

well as the sea-keeping capabilities of the small vessel. 

Wind & Current: 

For diving from a small vessel, consideration needs to be given to wind speed 

and direction, especially if these are forecast to change during the planned dive. 

Currents can cause considerable problems in diving operations. The risk 

assessment should take into account the effect of currents in relation to the 

type of work to be undertaken and the depth of dive. 

Temperature: 

Extremes of temperature (hot or cold) can affect the personnel involved and 

consideration needs to be given to allowing for this. In extremes of heat even 

the diver in the water can be susceptible to dehydration. 

SIMOPS: 

The small vessel used for diving is particularly vulnerable to interference from 

other operations taking place in the same area (SIMOPS). Prior to diving 

commencing, it should have been established that such operations will only take 
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place if they do not interfere with either the diving or the small vessel. This will 

normally be part of the permit to work system. 

The sort of SIMOPS involved may be: 

supply/crew boat loading/unloading; 

helicopter operations; 

other diving operations such as saturation or other surface diving; 

overboard discharges from client’s asset; 

ROV operations; 

nearby scaffolding; 

dropped objects; 

overboard lifting operations; 

proximity to underwater hazards such as intakes and fire pumps. 

Mooring Plan: 

Prior to diving, a mooring plan (possibly agreed with the client) should exist. 

Diving should only take place once the small vessel is securely moored or 

anchored and any propulsion systems have been shut down. 

Operating & Emergency Procedures: 

The relevant dive system operating and emergency procedures should be 

available on the small vessel. These would typically comprise generic diving 

procedures supplemented by project specific addendums. 

Accessibility: 

On the small vessel, there needs to be a level of access available around the 

diving equipment (and any working areas) sufficient to allow operational 

personnel to safely and efficiently carry out their duties. Similarly on the mother 

craft there needs to be a sufficient level of access available around the system 

used to launch/recover the small vessel. 

Adequate Supplies:  
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If the dive team is likely to spend an extended period away from the mother 

craft (such as a daughter craft carrying out multiple dives) then planning should 

include consideration of the requirements of the dive team for drinking water 

and food. Adequate supplies should be available on the small vessel and 

arrangements should be considered to replenish these from the mother craft, 

possibly using the fast rescue craft or similar. 

Pneumothorax 
Barotrauma, or ‘pressure injury’, is injury caused by pressure differences 

between the various cavities in the diver’s body and his environment.  

When a diver is subject to a rapid, uncontrolled ascent, either in the water or in 

a chamber or bell blow up, the diver must exhale forcibly. If he fails to do so, or 

if the ascent is too fast, the pressure in his lungs will exceed the surrounding 

water pressure resulting in pulmonary barotrauma, i.e., damage to the lung 

from rapid or excessive pressure changes. 

Pulmonary barotrauma includes a condition in which the alveoli (air sacs of the 

lungs) rupture with a subsequent entry of air/gas into the surrounding body 

tissues or cavities or enter the bloodstream directly in the form of bubbles 

(leading to arterial gas embolism). In the event the air/gas escapes into the 

space behind the ribs (pleural cavity) and the diver was then to surface, Boyle’s 

Law would cause the volume of air/gas to increase in proportion to the depth at 

which the leakage occurred. This increase in volume, and thus pressure, pushes 

and collapses the lung, a condition referred to as a pneumothorax. 

A diver who suffers pulmonary barotrauma whilst diving is at risk of developing 

a pneumothorax which can evolve into a tension pneumothorax on ascent as 

ambient pressure is reduced. Pneumothorax should be suspected in all diving 

incidents/accidents involving rapid, uncontrolled ascent or explosive 

decompression.  

It is absolutely critical that a diving supervisor is able to recognise the signs and 

symptoms from the outset so that a stricken diver is not put in anymore harm 

and given immediate and appropriate treatment. 
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Figure 62: Pulmonary Barotrauma 

 

 

MECHANISM OF PNEUMOTHORAX 

“Pneumo” translates to air and “thorax” translates to the chest. As such, 

pneumothorax is the medical term for a collapsed lung that results in air/gas 

finding its way into the pleural cavity (the space between the lungs and the 

chest wall). 

Under normal conditions, the lungs adhere to the back of the ribs by suction. 

The escaped gas breaks the suction, allowing all or part of a lung to collapse. In 

very mild cases, the victim may not notice any symptoms and the condition can 

only be identified by X-ray. 

In more serious cases, the victim will feel pain in the chest in the area of the 

collapse and may have breathing difficulties. His/her chest will move unevenly 

when breathing and, because the collapsed lung restricts circulation, the blood 

vessels in the neck may be swollen. His/her breathing rate may increase.  
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Figure 63: Pneumothorax 

 

SIGNS & SYMPTOMS 

The symptoms of pneumothorax can vary from mild to life-threatening and may 

include: 

shortness of breath 

acute chest pain, which may be more severe on one side of the chest 

sharp pain when inhaling 

pressure in the chest that gets worse over time 

blue discoloration of the skin or lips 

increased heart rate 

rapid breathing 

confusion or dizziness 

loss of consciousness or coma 

MANAGEMENT 
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A diver with a pneumothorax should be evacuated to a hospital as soon as 

possible for medical treatment. Care may include the insertion a chest tube to 

withdraw gas from the chest cavity and allow the lung to inflate. If the 

pneumothorax is small, breathing 100 percent oxygen may hasten the 

resorption of gas without the need for a chest tube or invasive procedure. 

Unless it occurs with decompression illness in divers (where bubbles enter into 

the arterial system and affect the brain), pneumothorax does not require 

recompression. In the event of a chamber treatment, a chest tube may be 

required to help equalize the pressure and prevent further injury or 

enlargement. 

MECHANISM OF A TENSION PNEUMOTHORAX 

A barotrauma induced pneumothorax may worsen further into a tension 

pneumothorax if the pressure is not relieved and the pneumothorax continues 

to expand.  

During inspiration (inhale), the diver is able to suck air/gas through the trachea, 

through the lung and out into the pleural space, but then during expiration 

(exhale), air/gas is unable to exit the pleural space. Subsequently, with each 

breath, more and more air/gas is added into the pleural space, increasing 

pressure in the pleural space. 

As the pressure within the pleural space becomes too great it begins to push the 

heart and large blood vessels like the pulmonary veins and arteries to the other 

side (mediastinal shift), compressing the other lung. With both lungs now 

mechanically squished and unable to work properly the stricken diver would 

almost certainly become hypoxic. At the same time, the heart and great vessels 

are compressed resulting in the compression of the vena cava and the 

pulmonary vessels (like a kinked hose). Under compression, the heart cannot 

pump blood effectively and oxygen cannot be delivered to the tissues. 

Tension pneumothorax is a life threatening condition that can be fatal. 
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Figure 64: Tension Pneumothorax  

 

SIGNS & SYMPTOMS 

Signs and symptoms of tension pneumothorax are similar to and usually more 

impressive than those seen with a pneumothorax: 

Severe shortness of breath 

Shallow breathing 

Acute chest pain 

Low blood oxygen levels 

Increased heart rate 

Low blood pressure 

Altered mental status 

Tracheal deviation away from the affected side (rare occurrence) 

Asymmetrical expansion of the chest due to the collapsed affected lung 

On examination, breath sounds are absent on the affected side and the chest 

may also be hyper resonant (hollow sounding). In severe cases, the neck veins 

are distended as a result of the collapsed blood vessels that should return blood 
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to the heart. Sometimes, the air in the pleural space can leak and be trapped in 

nearby areas, such as the subcutaneous tissue, which is known as subcutaneous 

emphysema, as well as nearby cavities like the mediastinum. 

MANAGEMENT 

Tension pneumothorax is a medical emergency that requires immediate and 

urgent treatment.  

The treatment for a tension pneumothorax usually involves a trained medic 

inserting a large bore needle directly above the third rib (2nd intercostal space) 

avoiding the neuro-vascular bundle to release the gas that has built up. A 

procedure called needle thoracentesis. As the gas comes out, the pressure 

against the lung is decreased and the lung tissue can expand again. The lung is 

normally re-inflated in hospital. 

If a tension pneumothorax is suspected of a diver in a chamber then all 

decompression must be immediately stopped to avoid further expansion, lung 

collapse or death. 
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Figure 64: Tension Pneumothorax treatment  

Fitness to Return to Diving after Decompression Illness 

Pulmonary barotrauma resulting in a pneumothorax or 

mediastinal/subcutaneous emphysema. 

Following appropriate investigation, including HRCT of chest, a diver may be 

considered fit to return to diving, but no earlier than 3 months after complete 

recovery. 

Return to diving only after review by a diving medicine specialist. 

Logbooks & Record Keeping 

The process of collecting, recording, preserving, utilising, and disposing of 

documents in a systematic manner is called record keeping. Accurate and 

precise recordkeeping is vital to the success of any diving project. These are the 

basis for planning and decision making and useful for controlling any activity 

effectively. Records provide evidence of the activities done. Record keeping is 
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necessary for evaluating, comparing, investigating, and reporting of activities. 

The records should be preserved for a period for which these are useful. 

In many theatres of operation record keeping and maintaining logs is a legal 

requirement and in almost all diving projects the IMCA documentation 

requirement becomes a contractual requirement. As a diving supervisor you will 

need to have a detailed understanding of the requirement to maintain accurate 

and detailed records during the diving operation; including Permits to Work; 

dive record sheets; decompression record sheet; daily diving operation logbook 

recording the work activities; personal divers’ logbook; personal diving 

supervisor’s logbook.  

In a legal sense, documentation and record keeping is there for the protection 

of diving supervisors. A well-kept record can protect the supervisor in instances 

where the legal defence of their actions is required.  

PRINCIPLES OF GOOD RECORD KEEPING 

Some key factors underpin good record keeping. Good records should: 

Be factual, consistent, and accurate; 

Be updated as soon as possible after any recordable event; 

Be documented clearly in such a way that the text cannot be erased; 

Be consecutive and accurately dated, timed and all entries signed (including any 

alterations); 

All original entries should be legible. Draw a clear line through any changes and 

sign and date; 

Not include abbreviations, slang or jargon as not all workplaces or organisations 

will use the same terminology; 

When names are required ensure that the full name is used, not nick names or 

first names only; 

Records must be stored securely and should only be destroyed following 

company policy; 

Avoid meaningless phrases, speculation and offensive subjective 

statements/insulting or derogatory language. 
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Figure 65: Diving supervisors  

Management and Planning 
Diving Supervisor 

He needs to be an appropriately qualified IMCA diving supervisor and must be 

appointed in writing by the company. Duties and responsibilities include: 

maintaining the diving operations logbook and all other required 

documentation; 

reporting any equipment faults, other potential hazards, near misses or 

accidents; 

signing divers’ logbooks after each dive and maintaining his own logbook; 

Diving Contractor 

The diving contractor’s responsibilities are to provide a safe system of work to 

carry out the diving activity and comply with the applicable national legislation. 

This includes the following: 

project records kept of all relevant details of the project, including all dives; 
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a procedure for near miss and incidents/accidents reporting, investigation and 

follow up; 

clear reporting and responsibility structure laid out in writing. 

 Diving Supervisor 

Ensuring that proper records of the diving operations are maintained. 

Reporting 

In addition to keeping the diving operations log, the diving superintendent or 

supervisor is normally responsible for a variety of reports, which may include: 

daily report; 

near miss, incident and accident reports; 

key performance indicators that have been agreed as project benchmarks; 

medical log; 

shipping records and shipping returns; 

equipment failures and damage reports; 

monthly summary of emergency drills and exercises; 

gas quantities reports/status; 

minutes of safety meetings. 

The daily report may be distributed by fax or e-mail. The diving superintendent 

or supervisor may delegate the completion of parts of the report to other team 

members, although he carries the final responsibility. A Life Support Supervisor 

(LSS), for example, often completes details of chamber operations and gas and 

consumables. The report will normally include details of: 

personnel on board (POB); 

personnel movements; 

divers pressurised in the last 24 hours, in the chamber or undergoing 

decompression; 

work carried out including the number of dives; 



139 
 
any extra work; 

weather conditions; 

consumables stocks; 

gas stocks and gas use; 

equipment; 

quality and health, safety and environment items, e.g. number of total bottom 

times (TBTs), inductions, incidents, etc.; 

any near misses, incidents or accidents; 

work planned for the next 24 hours; 

any client comments. 

Individual Documentation 

Every individual will normally be required to have the following documents: 

passport; 

logbook and record of competence; 

letter of appointment (if applicable); 

job description (legally required in some countries); 

training or qualification certificates; 

certificate of medical fitness; 

offshore survival certificate (if applicable). 

Logbooks, which includes the IMCA record of competence, are required for: 

diving supervisors; 

divers; 

inspection divers; 

life support technicians; 

dive technicians; 
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LOGBOOKS 
Logbooks should be completed daily and signed by the logbook holder and 

countersigned by the relevant supervisor or immediate superior. This is 

particularly important for the diver’s logbook. The record of the dive may be of 

considerable importance if there are any subsequent medical problems. 

Logbooks are supplied by IMCA, but any logbook is suitable provided that it 

contains all the required information. The minimum information required in the 

diver’s logbook for each dive is: 

name of diver; 

the name and address of the diving contractor; 

the date to which the entry relates (an entry must be completed daily for each 

dive carried out by the diver); 

the name or other designation and the location of the installation, worksite, 

craft or other place from which the diving operation was carried out; 

the name of the supervisor who was in control of a diving operation in which 

the diver took part; 

the maximum depth reached on each occasion; 

the time the diver left the surface, the bottom time, and the time the diver 

reached the surface on each occasion; 

where the dive includes time spent in a compression chamber, details of any 

time spent outside the chamber at a different pressure; 

the type of breathing apparatus and mixture used by the diver; 

any work done by the diver on each occasion, and the equipment (including any 

tools) used in that work; 

any decompression schedules followed by the diver on each occasion; 

any decompression illness, discomfort or injury suffered by the diver; 

any other factor relevant to the diver’s safety or health; 

any emergency or incident of special note which occurred during the dive. 
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The entry needs to be dated and signed by the diver and countersigned by the 

supervisor. 

IMCA publishes a range of logbooks in which offshore personnel can record 

their training, competence assessments and working experience.  

The logbooks provide a consistent format that can be recognised by a variety of 

employing contractors and the training and competence sections cover all 

aspects required for assessments under the IMCA competence assurance and 

assessment framework. 

Diving supervisor’s/Divers logbook 

This logbook requires completion in line with Guidance on competence 

assurance and assessment: Diving Division.  

It allows Dive Supervisors, Diver to record information on their certificate of 

medical fitness, qualifications, training, competence, supervision and 

cumulative dive supervision 

The Effects of Underwater Currents on Divers’ Performance and Safety 

Underwater currents can produce considerable forces which affect not only 

divers themselves, but also their diving umbilical’s, together with any hoses and 

cables running from the surface to equipment and tools the divers may have at 

working depth. Tides and currents also affect the diving vessel or platform from 

which the diving is being conducted. 

For many years the offshore diving industry has relied on the information and 

guidance on underwater currents contained in AODC 047 The Effects of 

Underwater Currents on Divers’ Performance and Safety to help keep its divers 

safe and productive.  

The main aims of IMCA D 067 (June 2021) are to provide information and 

guidance to IMCA Diving Division members and their clients in order to: 

ensure the safety of divers when operating in currents; 

describe the factors which should be considered when planning, managing, and 

conducting diving operations in areas subject to the effects of underwater 

currents; and 

recommend suitable operating limits for diving in currents. 



142 
 
DEFINITION OF CURRENTS 

Currents are flowing masses of water within a body of water and can be divided 

into the following groups: 

Ocean currents – continuous, predictable, directional movements of seawater 

driven by gravity, wind and water density. 

Tidal currents – the horizontal movement of water caused by the vertical rise 

and fall of the tide. 

Rip currents – strong, fast and localised water movements closer to shore 

caused by breaking waves. 

River currents – occur in the proximity of an estuary when a river discharges 

into the sea depositing silt and debris, often compromising visibility and altering 

the density as fresh water mixes with salt water. 

All of the above can be influenced by a number of additional environmental 

factors, including wind strength, changes in barometric pressure, and abnormal 

meteorological conditions. 

In many parts of the world a phenomenon known as Soliton waves might be 

encountered. These are solitary internal wavelike distortions of the boundary 

layer between a warm upper layer of sea water and cold lower depths and have 

strong associated currents. Diving in areas of known Solitons requires constant 

monitoring. Soliton waves create eddies or whirlpools which may occur at any 

depth. On the surface they are identified by circular disturbances on the water 

with fast moving unpredictability. 

The direction and speed of a current can vary with water depth, salinity, tide 

and bottom contours. Current readings near the surface may not reflect the 

actual speed and direction of a current in deeper water. 
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Figure 66: Currents  

 

Effects of Currents on Divers and Diving Operations 

 

Figure 67: Currents and diving  

 

The effects of currents on divers varies with the individual, the work being done, 

the diver’s position in the water and the diving method used. Currents produce 

forces which affect not only divers’ bodies but also their umbilical’s, together 

with any hoses and cables from the surface to equipment and tools the divers 

may have at the working depth. Currents can also have an adverse effect on 

diver deployment devices, for example cages, bells and/or bell umbilical’s. 

A proportion of a diver's energy is devoted to overcoming the forces generated 

by currents until the point is reached when the diver will become unproductive. 

As an increasing amount of energy is devoted to combating the effects of 
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current as well as carrying out productive operations, it follows that the greater 

the speed of the current, the shorter will be the period during which the diver 

will be effective before the onset of significant fatigue. 

As noted above, currents have a major impact on diver umbilical’s. The forces 

exerted on diver umbilical’s by flowing water may give divers the impression 

that they are being tended too tightly, making it difficult for them to remain on 

the worksite. In such circumstances divers may request more ‘slack’. This can 

worsen the situation by creating more force on an umbilical, and therefore 

make it harder for the diver to remain on location. Tenders and diving 

supervisors must be aware of this risk. If more umbilical is paid out it will create 

a greater ‘arc’ or ‘bight’ of umbilical in the water, thus increasing the surface 

area available for the current to act upon, and ultimately causing greater drag 

for the diver to struggle against. 

A diver operating from a closed bell or wet bell is better able to operate in 

currents than a diver tended from the surface. In most cases the umbilical from 

the bell to the worksite is shorter and is deployed at a shallower angle than an 

umbilical tended from the surface. This means that Umbilicals deployed from 

bells attract much less resistance to water movement and so cause less drag on 

the diver during operations. 

Currents are usually stronger from near the surface to a depth of around 30 m 

(100 ft). Most saturation diving operations are conducted below this depth 

range, although some saturation diving operations can be as shallow as -15 msw 

(-49 fsw). Underwater currents can adversely affect bell Umbilicals that pass 

close to vessel hulls or through moon pools. Chafing of the bell umbilical on the 

side of the hull or Moonpool should be a consideration if operating in strong 

currents. If a bell is deployed over the side of the vessel, the main bell wire or 

clump weight wires can be deflected to an angle that is out of specification for 

the sheaves. Currents can also deflect the clump weight and wires to a position 

where the recovery of the bell and/or clump weight could be compromised. 

DRAG FORCES 

The force exerted on a diver by a current is proportional to the water velocity 

squared i.e. if the current doubles, the force against the diver increases four 

times. 
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Table 1 below shows approximate drag forces exerted on the "average" diver in 

both a vertical and horizontal position.  

  

 

Figure 68: Currents and diving limits  

 UNDERWATER CURRENTS 
How much current, or force, a diver can withstand while still continuing to work 

safely and effectively depends on various factors, such as: 

the ability of the standby diver or bellman to be deployed and recovered safely 

in the event of an emergency, taking into account the potential increase in drag 

that will be experienced should the standby be required to assist an 

incapacitated diver; 

whether the current trend is increasing or decreasing; 

how quickly the current speed is likely to increase or decrease (largely 

dependent on whether the planned work will take place during spring or neap 

tides); 

the individual fitness of the diver(s); 

the type of equipment being used, (surface supplied, wet bell, or closed bell); 

the length of diver umbilical, its deployment plane (either vertical or horizontal), 

orientation in the current, and whether floating or negatively buoyant; 
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whether the work is being carried out on the seabed or in mid-water; 

the nature of the work being carried out and the tools used to do it; 

whether the use of both hands is required to perform a task; 

current fluctuation and changes of direction (these may be caused by the 

presence of other structures in the dive location for example); 

the possible use of aids such as underwater tend points, swim lines and 

downlines; 

the effects of current on equipment such as lift bags, or on the deployment of 

crane loads and positioning of structures; 

whether or not the work site location somehow creates a lee for the diver e.g. 

the diver may be sheltered from the current by an underwater structure. 

In such circumstances, thought must be given as to how easy or difficult it will 

be for the diver to leave the sheltered worksite and return safely to the surface 

or bell through the force of the current. In parallel with this factor, the ability of 

the standby diver or bellman to go to the aid of a sheltered diver in the event of 

an emergency must also be considered (see the first bullet above). 

Effects of Currents on the Safety of Diving Operations 

Table 2 below indicates the type of diving operations that might be possible in 

various current speeds. It also indicates the added restrictions placed on diving 

operations by increasing current strength, and facilitates identification of 

certain conditions beyond which it would be unwise to continue routine 

operations. 
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Figure 68: Currents and diving limits Table 

DIVE SUPERVISOR 

The diving supervisor with responsibility for the operation is the only person 

who can order the start of a dive. Before making the decision to commence a 

dive the supervisor will need to determine the actual current strength at the 

time and place of the proposed diving operation, and then evaluate its likely 

effects on diver performance and safety. When doing so, perhaps the most 

critical questions for the diving supervisor to consider are: 

Given the strength of the current, in an emergency, could the standby 

diver/bellman be safely deployed and then recovered along with the working 

diver(s)? 

Given the strength of the current, would the standby diver/bellman be able to 

get to the worksite and provide effective assistance to a distressed, trapped, 

unconscious or otherwise incapacitated diver? 

The decision to commence, or indeed to continue, a diving operation will often 

strongly depend on the diving supervisor’s judgement on these questions. Dive 
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teams must always be in a position to be able to respond effectively to an 

emergency involving the working diver(s).  

OPERATIONAL CONSIDERATIONS 

Subject to the work activity being undertaken, diving operations can usually be 

considered if the current is 0.7 knots or less, or can commence above that rate 

of flow (up to a maximum normal operating limit of 1 knot) if the current is 

showing a decreasing trend. Diving in a current of 0.7 knots should not 

commence if the current meter is showing an increasing trend. 

If available, an ROV should be used to monitor the effect of any current on the 

diver deployment device and Umbilicals. It should be noted that an ROV can 

also be adversely affected by currents. 

Diving in currents above 1 knot should only be considered in exceptional 

circumstances and only when the operation has been pre-planned taking 

account of the presence of strong currents (see Table 2 above). Special solutions 

and arrangements will need to be put in place to protect the working and 

standby divers from the effects of such strong currents and to provide 

contingencies for emergencies. 

Operating in High Currents 

SPECIAL DEVICES 

For operations in high currents, the employment of special devices and 

arrangements may be considered e.g. a device may be used to clip a diver’s 

umbilical to a downline or to the worksite in order to reduce drag on the diver. 

However, any fixings must be capable of being released quickly in the event of 

an emergency. Rope, twisted wire or cable ties should never be used to tie off a 

diver’s umbilical to a downline or to the worksite. 

Additionally, when planning such special operations, consideration should be 

given to the consequences for the diver if such a special device fails, is released 

unexpectedly, or if a standby diver is required to intervene (see IMCA D 058 

Rev. 1 [July 2021] Diver Attachment to Structures by Means of a Weak Link).  
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Figure 69: Weak link 

CURRENT METERS 

Current meters help diving supervisors to make well-informed decisions that 

improve the safety of the diving operations under their control. 

In tidal diving operations, the correct identification of slack water periods is 

essential and the accuracy of tidal charts cannot be relied upon for precise 

planning purposes. It is recommended that current meters are used to provide 

diving supervisors with accurate information about the true speed and direction 

of currents in real time wherever tidal diving operations are conducted. They 

can also be usefully used to plot current trends. 

Current meters may be easily deployed through a Moonpool, or over the side or 

stern of a vessel. Care must be taken to ensure that any current meter cables 

are free and will not present a hazard to the vessel or its propulsion system. 

Current readings from a vessel’s bridge should not be relied upon to determine 

the feasibility of diving operations commencing. 
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Figure 70: Tide gauge 

The diving supervisor with responsibility for the operation is the only person 

who can order the start of a dive. 

Before making the decision to commence a dive the supervisor will need to 

determine the actual current strength at the time and place of the proposed 

diving operation, and then evaluate its likely effects on diver performance and 

safety. 

It is recommended that in tidal waters current meters should be deployed to 

provide diving supervisors with accurate information about the true speed and 

direction of currents in real time. 

Diving operations can usually be considered if the current is 0.7 knots or less. 

Diving in a current of 0.7 knots should not commence if the current meter is 

showing an increasing trend. 

Subject to the judgement of the diving supervisor, diving operations may 

commence in currents above 0.7 knots (up to a maximum normal operating 

limit of 1 knot) if the current is showing a decreasing trend. 

The normal operating limit for diving operations is a current speed of 1 knot. 

Diving in currents between 1 and 1.2 knots should not be considered as a 

normal operation. Diving in currents above 1 knot should only be considered in 

exceptional circumstances and only when the diving operation has been pre-

planned taking account of the presence of strong currents. 
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Diving operations should not take place in currents above 1.2 knots. 

Differential Pressure 

Differential pressure, also known as ‘Delta P’, ‘heavy water’ or suction, occurs 

when water moves from an area of high pressure to one of low pressure. The 

flow may be the result of the movement of water under its own weight or an 

active process involving powered machinery (e.g. pumps or thrusters and 

subsea lifts). When the flow is localised about a boundary between the high 

pressure and the low-pressure areas, e.g. at an opening in a barrier between the 

two areas or the intake point of a pump, any diver encroaching on the flow from 

the high pressure (or upstream) side may be trapped or injured by it. Divers 

drawn into turning ducted thrusters or open propulsions inevitably suffer 

traumatic/fatal injuries. 

Differential pressure thus represents an insidious and persistent threat to diver 

safety and there has been continuing occurrence of diving injuries and fatalities 

caused by differential pressure. 

CHARACTERISTICS OF DIFFERENTIAL PRESSURE 

HAZARDS 
Differential pressure is a latent hazard i.e. it presents no risk when no water is 

flowing between potential high-pressure areas to an area of potential low 

pressure. But once initiated, the force generated by such a hazard can be 

considerable and easily sufficient to draw divers onto an opening, injuring them, 

damaging their equipment and holding them there indefinitely. 

Differential pressure hazards are found in virtually all water depths. Incidents 

involving energised pumps can occur at any depth of water, with the pump itself 

providing the suction force. Divers can rarely detect a pressure differential 

hazard in time to avoid it. Once encountered, it is very difficult for divers to 

escape from the suction forces. Equalisation of the pressure difference is usually 

required before divers can be freed. Differential pressure hazards are frequently 

fatal with no opportunity for effective intervention from rescuers. Attempts by 

rescuers at the surface to use force to free a diver, before the equalisation of 

pressure, frequently result in further injuries to the trapped diver. Other divers 

who enter the water to try to free a trapped diver are themselves often injured 

or killed during attempted rescues. 
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Types Of Differential Pressure Hazards 

Differential pressure hazard situations can be divided into four types: 

 

Figure 71: Differential pressure hazards  

 

 

Figure 72: Differential pressure  hazards 2 
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Figure 73: Differential pressure hazards (Thrusters)  

Incidents caused by open propulsions undoubtedly occur and are almost 

invariably fatal. However, the mechanism of injury is significantly different and 

does not involve being trapped or injured by the differential pressure per se, 

rather it is a traumatic mechanical injury caused directly by the propulsion. In 

addition, incidents of this type are frequently caused by a propulsion being 

activated when a diver is working on or close to it; in these cases, differential 

pressure is not necessarily involved. Nonetheless, the hazard is real and in need 

of robust control measures. The approach for risk assessing and controlling this 

hazard is, in principle, the same as for the other differential pressure hazards 

referred to. 
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Figure 74: Differential pressure hazards (Sea chest)  

 

Figure 75: Differential pressure hazards (Propellers)  

INCREASE IN WATER VELOCITY AS A HAZARD IS APPROACHED 

The reasons why divers seem unable to detect and avoid differential pressure 

hazards can be explained by considering the way in which water enters a 

hazard. The velocity profile of a hazard is such that at the periphery the diver 

may approach without any perceptible increase in water flow velocity. 

The graph below shows the water velocity at increasing distances from a 

hypothetical differential pressure hazard. A diver approaching the hazard 

moving from point a to point b would be unlikely to perceive the small increase 
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in flow velocity; moving an equal distance closer from point b to c the diver 

would experience a large increase in flow velocity and, as a result, is likely to be 

drawn onto the hazard. It is thus very difficult for divers to perceive or approach 

active differential pressure hazards without becoming involved with them. 

 

Figure 76: Differential pressure hazards Chart  

Current industry guidelines suggest divers can safely operate in water currents 

up to 0.5 m/sec.  

AODC 055 (Feb 1991) 

Protection of Water Intake Points for Diver Safety 

2. Discussion 

Based on the foregoing, a water current of one knot (about 0.5 m/sec) in the 

immediate vicinity of the water intake point is considered to be the maximum 

which will: 

allow a diver to manoeuvre without spending too large a proportion of his 

energy fighting the effect of the current, and 

avoid the possibility of him impacting with the structure with the consequent 

potential for injury. 
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The area around a hazard where water is moving faster than 0.5 m/sec should 

not be entered by the diver. Any minimum exclusion zone should seek to 

maintain the diver in water currents no faster than 0.5 m/sec and the tendency 

for velocities to increase rapidly with movement towards a hazard warrants an 

extensive safety margin to this zone. 

DIFFERENTIAL PRESSURE DANGER ZONE 

The area of fast-moving water around a hazard which may place the diver at risk 

from water flow, suction or turbulence (whether brought about naturally or 

produced by the operation or failure of plant and machinery) is termed the 

Differential Pressure Danger Zone (DPDZ). It can also be described as a 

hemisphere immediately around a hazard where water velocity exceeds 

0.5m/sec, the suggested maximum water velocity where divers can safely 

operate (AODC 055). Divers therefore should not enter this hemisphere. 

Simple methods of estimating the size of a DPDZ and the magnitude of the 

potential forces involved are provided on the following page. However, the 

considerable uncertainties associated with applying these calculations to diverse 

real-life situations indicate they should be used with caution. They should not 

be used in an attempt to demonstrate that the differential pressure hazard is 

trivial and requires no further control. 

FORCE GENERATED BY DIFFERENTIAL PRESSURE 

The force due to the differential pressure across a hazard can be calculated 

using the formula shown below: 

FORCE = PRESSURE x AREA 

The example below calculates the force acting on a blank blocking a 0.3 m 

diameter pipe connecting a body of seawater to a gaseous void at atmospheric 

pressure (e.g. hull of a vessel) at a depth of 3.5 metres. 
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Figure 77: Differential pressure  

RISK ASSESSMENT 

Diving contractors are responsible for ensuring that a suitable and sufficient risk 

assessment is carried out before the start of any diving project and a diving 

project plan prepared. The risk assessment must assume differential pressure 

hazards are present where: 

water levels between adjoining areas vary;  

water is adjacent to gaseous voids;  

water can be mechanically drawn through intakes;  

water can be mechanically drawn towards propulsions or other types of 

thrusters on ships; 

water can be significantly disturbed resulting in significant suction during a 

subsea lift.  

Differential pressure hazards may be active e.g. pump intakes, sea chests, 

leaking valves or ruptured water injection lines and openings where a flow is 

known or suspected to be occurring, or latent e.g. areas where the operation of 

pumps, propulsions and thrusters, the opening of valves or occurrence of 

structural failures have the capacity to create a differential pressure hazard.  

The risk assessment should be completed in conjunction with staff fully familiar 

with the dive site and the assessment must encompass both actual and 

potential hazards, reflecting the latent nature of many differential pressure 
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hazards. This may require an element of knowledge of the integrity of the 

structure in which the dive is taking place along with the likelihood and mode of 

potential structural failure. 

The use of basic formulas shown in the previous section can help to establish 

the parameters of the hazards and the size of the DPDZ. That is the area of fast-

moving water around the hazard in which a diver is exposed to a risk to health 

or safety from exposure to water flow, suction or turbulence and in which it is 

thus unsafe for divers to operate. Establishing the DPDZ for potential hazards 

will require an element of knowledge of the integrity of the structure in which 

the dive is taking place along with the likelihood and mode of potential 

structural failure. Where there is doubt as to the position of valves, intakes and 

other hazards a remote pre-dive survey may need to be conducted prior to 

divers entering the water. 

MANAGEMENT OF DIFFERENTIAL PRESSURE HAZARDS 
HIERARCHY OF CONTROLS 

The preferred mechanism of control/management of the differential pressure 

hazard is a hierarchical approach as shown in the Hierarchy of Controls diagram 

below. 

Control measures should be implemented from the top down and only when a 

control measure has been found not to be practicable should measures from a 

lower level be considered. Most often, however, it may be necessary to 

implement a combination of control measures from multiple levels in order to 

reduce risk to as low as possible. 

ELIMINATION - Given the difficulties divers face, detecting and escaping from 

differential pressure hazards, the default position should always be to avoid or 

eliminate the hazard prior to diving. Identify any possible differential pressure 

hazards in conjunction with the appropriate competent people (e.g. client 

company engineers familiar with the site). Evaluate the risks arising from any 

possible differential pressure hazards. Seek to neutralise or eliminate the 

hazard. This may be achieved by techniques such as: 

diving on the downstream side of the hazard; or 

flooding to equalise water levels or fill any void. 
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SUBSTITUTION - Avoid the risk. Do not allow a diver to enter an active or latent 

DPDZ (especially on the high-pressure side). Question if the work needs to be 

done using a diver. Alternatively, the diver may be substituted by using:  

a remotely operated vehicle (ROV); or 

performing the operation remotely from the surface. 

The effectiveness of procedures and measures to eliminate a differential 

pressure hazard should be assessed prior to the diver entering the water. Divers 

have been injured after supposedly neutralised hazards had not been correctly 

controlled. 

ENGINEERING CONTROLS to minimise differential pressure hazards should be 

considered at the design stage of ‘new-build’ projects. For example, these might 

include design features that: 

allow pressures to be equalised;  

only require diver intervention from the low-pressure side;  

provide relevant valves with double redundancy to prevent diver encroachment 

into a DPDZ. 

When suitable and sufficient controls are in place it is possible for divers to work 

safely in the vicinity of differential pressure hazards. Engineering control 

measures (‘hardware’ measures) are considered inherently more reliable than 

procedural and behavioural control measures (‘software’ measures). 

Reasonably practicable hardware measures should therefore be instituted 

ahead of software measures. Software measures should not be used to justify 

the absence of reasonably practicable hardware measures. Both types of risk 

control measures are likely to be required for the effective elimination or 

control of differential pressure hazards and risks during diving operations. 

ADMINISTRATIVE CONTROLS - Rigorous and proper application of Permit-to-

Work systems incorporating appropriate lock-off isolation procedures is 

required for satisfactory control of many differential pressure risks at dive sites. 

High quality, well-informed leadership and supervision backed up by the 

provision of adequate information, instruction and training for dive teams and 

other relevant personnel will reduce the likelihood of safe systems of work 

breakdown. 
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PPE - The nature of differential pressure incidents, especially the high number 

involving rapid and acute injury to the diver (primary event trauma), indicate 

that Personal Protective Equipment (PPE) offers no protection from injury to the 

diver. However, the following personal equipment configuration has been 

proven beneficial especially given the possibility of entrapment: 

Surface supply breathing apparatus incorporating lifeline of suitable tensile 

strength and harness of equivalent strength. 

CONTROL METHODS 

If it is physically impossible to eliminate the risk from pressure differential 

situations and there is no way of avoiding the use of a diver to carry out the 

work, then control the risk as follows: 

Use engineering controls to make the differential pressure as small as possible. 

Do not dive on the high-pressure side; dive from the low-pressure side. 

Consider conducting a remotely operated vehicle pre-dive survey. 

If diving work on the high-pressure side is absolutely unavoidable, carry out a 

thorough risk assessment and produce a detailed (procedural) safe system of 

work (SSW) in conjunction with the relevant competent people (e.g. client 

company engineers familiar with the site). 

As part of the SSW use a Permit-to-Dive system, incorporating lock-off isolation 

of any necessary plant/machinery to ensure that unsafe reconnection/operation 

is not possible. 

Check any valves that must be closed are indeed fully closed and not leaking. Do 

so from the low-pressure side. Check that all submarine structures, machinery 

and seals are fit for purpose and safe to use prior to diving. Prove the efficacy of 

any isolations necessary to safeguard the diver. 

When a closed valve(s) represents the main defence against exposure to an 

active pressure differential situation, where possible, use more than one valve. 

Estimate the size of any active or latent DPDZ. Use the Differential Pressure 

Lookup Tables provided on the previous page. Consider if there are foreseeable 

circumstances where the size of a DPDZ might suddenly increase or exceed 

anticipated values. For example, marine growth partially blocking a water intake 

will significantly increase the water flow velocity. Where practicable carry out 
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accurate flow velocity measurements at appropriate locations immediately prior 

to diving. 

Where practicable, prevent divers from entering a DPDZ by limiting the length 

of Umbilicals, constructing adequate guards/screens, or by designing valves to 

minimise entrapment risks. Alternatively, establish a standard exclusion zone 

that incorporates a suitable safety margin around a DPDZ. 

If divers are unavoidably required to enter a latent DPDZ do not allow them to 

interfere with seals or other engineering barriers to water flow (especially when 

working from the high-pressure side). 

Provide divers and support staff with all necessary information and instructions 

to work safely prior to commencing diving operations. 

 

Differential Pressure Incident 

WHAT HAPPENED? 

Suction from a large GRP (glass-reinforced plastic) cover during lifting resulted in 

a diver’s umbilical being drawn beneath the load.  The incident occurred during 

hook-up of the GRP lift rigging when the unexpected movement of the cover led 

to suction which drew Diver 1’s umbilical under the corner of the cover.  The 

cover was lifted and the divers’ umbilical was cleared.  The soft nature of the 

seabed prevented damage to the umbilical. There was no interruption to any 

diver’s services, and no injuries. 
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Figure 78: Differential pressure incident  

The GRP cover was in its “wet store” position – there were no associated subsea 

assets. The weather was within the operating envelope of the crane in terms of 

vessel motions (heave, pitch & roll).  No alarms were present and the vessel was 

operating within her activity specific operating guidelines. 

WHAT WENT WRONG? 

During hook up of the cover, using crane active heave compensation, the vessel 

experienced heave which resulted in the cover being lifted in an unexpected 

way.   This occurred when standing up the rigging in active heave compensation 

(AHC) to ensure there were no twists prior to switching modes into auto tension 

(AT).  At that moment the vessel took a disproportionally large heave and 

consequently partially lifted the GRP cover.  

WHAT WAS THE CAUSE? 

Our member notes that large GRP covers (this one weighed over 20 tonnes) are 

notorious for the suction forces they create when being lifted, yet the diver 

needs to be close to enable the fine placement over assets.    

LESSONS LEARNED 

Although the diver and dive supervisor were not expecting the GRP cover to lift, 

and good umbilical management had been identified as a requirement in the 

risk assessment, the potential for this movement of the umbilical to be sucked 

under the structure had not been identified and the appropriate umbilical 

management fully recognised. 

Selection of Appropriate Lifting Mode during Subsea 

Crane Operation 
Since mankind started using sea-going vessels, the heaving of ships or vessels 

caused by waves has made it dangerous to handle loads safely. A suspended 

load is subjected to heave motion in line with the vessel; when the vessel 

heaves, pitches and rolls as a result of waves, the load on the end of the system 

moves by the same amount. This motion poses operational as well as safety 

challenges when the lifting system is manoeuvring loads, moving them from one 

location to another (e.g. subsea positioning activities) or when the load must be 
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held in place for a specific operation (such as subsea interconnection work using 

divers and/or ROVs). 

Strong winds, poor weather and rough sea conditions can test the limits of 

installation systems, often resulting in downtime and sometimes causing 

damage to vessels, cranes and associated lifting appliance equipment or, at 

worst, resulting in injury to divers in diver assisted subsea lifting operations. 

Heave compensation is a system that is based on heave motion prediction 

coupled with an inversion-based control strategy. The objective is to let a rope-

suspended payload track a desired reference trajectory in an earth fixed frame 

such that it is not influenced by the heave motion of the ship or vessel. 

Additionally, it may reduce the effect of resonance on the subsea load as well as 

the potential for shock loading.  

Heave compensation can be divided into two main categories: passive heave 

compensation (PHC) and active heave compensation (AHC). Together with 

Constant Tensioning (CT), they allow for safe and effective subsea load handling 

in dynamic conditions. 

During manned diving intervention during a lift, it is usual that the dive 

supervisor will be in overall charge of the execution of the work procedure 

when the lifted object is in the water. It is therefore important that diving 

supervisors have an understanding of the function and capabilities of these load 

and motion limiting systems or modes. This module seeks to explain the 

different lift modes (CT, AHC, PHC or hybrids), their benefits and appropriate 

application. 

With Heave Compensation VS without Heave Compensation 

PASSIVE HEAVE COMPENSATION (PHC) 

A passive heave compensation (PHC) device acts as a spring device normally 

with a predefined, relatively low stiffness. They are typically hook mounted but 

may be mounted on the vessel deck or integrated into the crane heave 

compensation system. The main purpose of the PHC system is to protect the 

crane and the lifted object from the forces caused by vessel motions / 

hydrodynamic effects, to help stabilise the load and prevent slack wire. It allows 

relative vertical motion while keeping load variations in the ropes, suspending 

the load within acceptable limits. Passive heave compensation systems normally 
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require no power supply for their operation. For subsea lifts, PHC efficiency is 

dependent on the properties of the lifted object. 

 

Figure 79: Passive Heave Compensation crane  

Self-contained PHC systems for suspension on the crane hook may have pre-

defined low stiffness. However, PHC systems incorporated within crane main 

hoist systems can be configured to different stiffness levels through the 

connection of a varied number of pressure vessels.  

Most PHC systems require a specific pressure in an accumulator system that is 

calculated on a load-by-load basis, meaning that new calculations are required 

for each differing load scenario, or varied with different phases of the lift 

operation. 

PHC systems can be considered failsafe because they do not require an external 

source of energy to operate. 
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Figure 79: Passive Heave Compensation crane 1  

ACTIVE HEAVE COMPENSATION (AHC) 

An active heave compensation (AHC) system predicts the vessel motions using 

instrumentation and operates a system to raise or lower the load by 

lengthening or retracting the lift wire so as to reduce or eliminate the vessel 

heave motion.  

AHC systems are complex and their overall performance is a function of each 

individual component's performance. These components include a motion 

reference unit (MRU), Programmable Logic Control (PLC), pump and motor 

control cards, pump and motor swash actuators, pumps and motors 

themselves.  

Commonly designed into the crane, AHC systems are considered the most 

effective solution for position control in vertical axis, although they require 

substantially more system complexity to achieve full operation.  

It is important to understand that a AHC system controls the hook/load position 

and does not limit force transmitted back to the winch. Thus it is still possible to 

overload a crane whilst AHC is engaged. This is a particular risk if sea bed suction 

occurs or if the hook is attached to a fixed point/structure. AHC must not be 

confused with CT (Constant Tension) which is much more suited to operations 

involving suction. 
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The graph below illustrates hook movement without and with AHC engaged 

 

Figure 80: Passive Heave Compensation chart  

 

Figure 81: Active Heave Compensation  

COMBINATION PASSIVE/ACTIVE HEAVE COMPENSATION 

Both active and passive heave compensation have their advantages and their 

limitations.  

Modern cranes and winches may be equipped with both active and passive 

systems for heave compensation and constant tensioning (CT). AHC systems 

based on compensation of boom tip movements only may be used in 
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combination with a PHC. In some situations, PHC will be the preferred option 

over AHC and vice versa. 

Many hybrid systems will use PHC to support the load and then overlay position 

control in order to achieve AHC. Some of those systems have the ability of the 

PHC to work in isolation with the position control element inhibited. 

The capabilities of the system under varying loads and environmental conditions 

should be fully discussed between the manufacturer and the customer. An 

accurate measurement or estimation of vessel motions is critical in ensuring 

that heave compensation systems meet expectations. 

CONSTANT TENSION (CT) 

Constant Tension (CT) creates a constant line-pull between the load and the 

lifting device. Prior to starting the operation, the line-pull is set, it is measured 

by a load sensor and is monitored by the central control system. If the actual 

value differs from the pre-set value, the winch will pay in or pay out wire rope 

to maintain the pre-set value. 

Constant tension can, for example, be used to pre-tension the lift rope prior to 

hoisting a load or after landing a lifted object onto the seabed. CT prevents 

lifted object bounce or being picked up again. However, its primary use is for 

the lifting of loads subject to suction or potentially at risk of snagging/jamming 

on underlying structures. Care should be taken to avoid the prolonged use of CT 

when recovering a lifted object stuck in the seabed. CT can also be used on 

crane tugger winches. 

 

PASSIVE HEAVE COMPENSATION (PHC) 

The PHC is limited because there is no control over the position of the load. It is 

more efficient for objects with high drag forces and large added mass, such as 

manifolds, mud mats and protection covers and for objects which have a large 

difference between weight in water and weight in the air, e.g. closed pipes. 

Connecting a PHC between the crane hook and the payload will significantly 

increase lifting height, making it necessary to factor in the additional height 

when planning the lift. Consideration must also be given to the extending piston 

as the load lifts off the deck, being that the load weighs more in the air than in 

water 
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Figure 82: Passive Heave Compensation  

 

PHC typically cannot be used in situations where the load changes, i.e. where 

the deployed weight is not the same as the recovered weight, e.g. deployment 

and recovery of tools/material basket. 

The effect of using a PHC system will vary depending on the lifting phase, the 

weight and geometry of the lifted object and the sea state. This should always 

be evaluated prior to configuring the PHC units and running the operation. 

The benefits of PHC include: 

Requires no external power supply. This is a major advantage because the 

system will still continue to operate even during a power failure; 

Effective for splash zone crossing to avoid slack wire problems as well as shock 

loading; 

Reduced landing speed; 

May mitigate subsea resonance when the wire rope length increases and acts 

like a spring; 
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Can be used with a “normal” crane, simply by adding a heave compensation 

cylinder 

IT IS RECOMMENDED to use PHC: 

Subsea retrieval – Retrieval of objects from the seafloor may cause large forces 

in the lifting appliance and the wire due to a combination of vessel movements, 

suction forces and possible sudden release. PHC systems are suitable for 

absorbing these forces, maintaining constant tension and will prevent the direct 

coupling between the load and the boom tip movement. The PHC system may 

be tuned such that it has zero strokes at static weight of the object in water. The 

stiffness of the system can be varied according to the expected suction forces, 

while the dampening will be relatively large in order to absorb the rapid release 

of the object from the seafloor. 

Heave compensation – Reduce load movements and velocity; 

Landing - A significant reduction in landing speed can be obtained for a well-

designed PHC system. The efficiency of the PHC system is dependent on the 

average stiffness of the PHC being less than the sum of forces acting on the 

load. 

Splash zone – Reduce forces in the crane and lifted object through the splash 

zone; 

Resonance mitigation – Mitigate system resonance, particularly for Deepwater 

lowering operations 

ACTIVE HEAVE COMPENSATION (AHC) 

While AHC systems are considered the most effective solution for controlling 

the position of the load, they require substantially more system complexity and 

power to achieve full operation.  

AHC should only be used sparingly and lifted objects should never be left on the 

hook for prolonged periods of time in AHC when there is no operational need. 

The heat generation in the rope due to tension and cyclic bending over sheaves 

(CBOS) can cause accelerated fatigue of the rope. AHC should not be used for a 

sustained campaign at the same water depth without periodically cutting back 

the rope. This is essential to prevent excessive fatigue on a single section of 

rope which may render the whole rope unfit for further use. 
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A frequently used AHC system will impose a significant maintenance burden on 

the vessel because the pumps, motors and swash controllers will be subject to 

increased mechanical wear and tear. Replacing these components and re-

commissioning the crane can be a lengthy process with the real cost to the 

business being the consequential impact on vessel availability. 

The benefits of AHC are primarily: 

to limit set down speed (and impact) of structures/loads when placing on the 

seabed/in location; 

To reduce the amplitude of the motion of a load and stabilise it to, amongst 

other things, enable ROVs or divers to place rigging on/remove from the hook 

safely or position the load in relation to another object and facilitate operations 

such as stabbing etc. 

IT IS RECOMMENDED to use AHC: 

through the water column when interacting with an ROV and/or divers; 

when presenting/landing a load from a floating vessel to/on a fixed object; 

during an approach to the seabed when setting down and disconnecting 

load/connecting (slack) rigging and raising a load from a firm seabed (no 

suction). 

IT IS NOT RECOMMENDED to use AHC: 

in lieu of a constant tension mode with the aim of avoiding overload resulting 

from the motion of the vessel when attached to a fixed structure/point that is 

subsurface, e.g. for opening/closing hinged hatches on fixed subsea structures; 

in order to try to reduce dynamic loads when lowering a lifted object through 

the water column – PHC is more appropriate for this part of the operation; 

when lifting a subsea load that is subject to suction; 

for extended periods unless necessary; 

at the same water depth over a protracted campaign without monitoring rope 

condition; 

when weather conditions or operational constraints do not require it. 
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CONSTANT TENSION (CT) 

In crane control systems the CT mode is often associated with Active Heave 

Compensation (AHC). Dependent upon the crane control system, transition 

between CT and AHC modes is possible.  

The use of CT if not properly controlled, or inappropriately selected can result in 

unwanted occurrences. This can range from unexpected crane response to 

equipment damage and harm to personnel. Activating a hoist CT mode whilst 

the hook is unrestrained, for example, can result in the hoist accelerating out of 

control with subsequent damage to the crane. CT mode should never be 

engaged when a load is suspended on the hoist.  

Crane CT modes are limited in performance by the hydraulic and/or electrical 

system. It is the responsibility of the project planning the operation using the 

crane CT mode to ensure that the operating parameters are within the 

performance limits of the crane.  

Similarly, to AHC, the use of CT mode incurs wear on a significant number of 

components (wire rope, sheaves, hydraulic motors, reduction gearboxes, seals, 

HPU pumps and motors, control valves, etc). Therefore, proposals to apply 

constant tension for periods of hours rather than minutes must be challenged. 

The use of CT mode for protracted periods may incur additional risk through 

ergonomic factors for the operator. Physical fatigue can precipitate the risk of 

dropping out of the CT mode in an unplanned manner. This in turn can have 

implications for the operation, structure, rigging and crane. 

IT IS RECOMMENDED to use CT: 

for applying a controlled force to a load subject to suction on the seabed. Once 

that seabed suction has been overcome and the load is clear then a transition to 

AHC or normal mode is appropriate.  

applied to the rigging removing any slack before the moment a commitment is 

made to lift. This prevents snatch loading on the rigging and reduces the 

transient loading on the crane. 

 Diving in Contaminated Waters 
Commercial divers working offshore are sometimes required to dive in 

situations where there may be contamination in the water or on the seabed. 
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This contamination can be due to the presence of drill mud and cuttings or can 

be due to the work the diver is required to carry out, such as recovering drums 

of chemicals, breaking of flanges, working on pipelines etc. It may also be due to 

general contamination by heavy metals, chemicals, radioactivity, biological 

material or similar in the area that the work has to be carried out. 

The hazards that need to be considered are: 

direct contamination of the diver while working in the water; 

contamination of the diver’s equipment causing hazards to the surface 

personnel or others that are required to handle it; 

contamination of the atmosphere of the diving bell or deck decompression 

chamber (DDC) either by the contaminant entering directly or else on the 

equipment of the diver after they return. 

One of the problems faced by Diving Contractors is that the operator, owner of 

the area or client may not be able to provide any detailed information to the 

Diving Contractor about the exact composition of the potential contaminants. 

The most obvious advice that can be given is the application of the following by 

the Diving Contractor prior to any work commencing: 

an adequate safety management system; 

hazard identification and a detailed risk assessment. This assessment should 

result in the selection of suitable protective equipment and procedures in order 

to carry the operation out safely; 

adequate briefings of all involved personnel. 
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Figure 83: Diver in contaminated water  

 

The principle routes of entry into the body are inhalation (breathing in), skin 

contact and ingestion (swallowing). Two other situations that need to be 

considered are aspiration (swallowing directly into the lung) and ionising 

radiation. There can also be a combination of these methods of ingress: 

INHALATION – absorption of toxic gases, soluble dusts and fumes via the lungs  

SKIN/BODY CONTACT – toxic solid, liquid or gaseous substances contacting the 

skin 

INGESTION – solid or liquid toxicants being ingested 

ASPIRATION – refers to direct entry of solid or liquid contaminants into the 

lungs 

IONISING RADIATION – describes the exposure to and contamination by 

radioactive materials 
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Figure 84: Contaminated water risks  

TYPES OF CONTAMINATION 

The types of contaminant can be split up into a number of distinct groups: 

IONISING RADIATION - Radioactive material can exist in all states, i.e. solid, 

liquid and gas. The hazards associated with these could be either contamination 

or exposure 

BIOLOGICAL - Possible biological hazards include exposure to bacteria, viruses, 

fungi, water borne parasites or marine animals. It is also known that the action 

of biological microbes can produce gases such as H2S that can lead to 

contamination of breathing gas supplies and can even enter umbilical hoses. 

HEAVY METALS - Heavy metal contamination is normally encountered as a result 

of past industrial activity. Examples of such substances that may be 

encountered are mercury, cadmium and arsenic although other substances may 

also be found. 

CHEMICAL - Chemical hazards can be corrosive and/or toxic/poisonous 

HYDROCARBONS AND CONDENSATE - Hydrocarbons are normally encountered 

in association with the oil and gas industries. Hydrocarbons often contain 

condensates which are extremely volatile and will evaporate into almost any 

gaseous atmosphere instantaneously. The following hazards are associated with 

condensate or hydrocarbon contamination: 
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in liquid form will burn and penetrate skin; 

in gaseous form will have hypnotic, soporific and toxic effects. 

One specific hazard that needs to be considered in almost all cases of 

hydrocarbon contamination is the possibility of the contaminant giving off 

hydrogen sulphide gas (H2S). This is a particularly hazardous substance, even in 

small quantities. 

 

Figure 85: Contaminated with Hydrocarbon  

The following step by step assessment simply provides a number of logical 

questions that should allow progress from an uncertain level of knowledge to a 

better defined one. This in turn will assist in decision making regarding: 

types of risks; 

levels of risks; 

ways and methods to overcome these risks; 

precautions; 

detection; 

monitoring; 

emergency procedures should accidental contact occur. 

It needs to be remembered that most of the information available about the 

health effects of various contaminants refers to personnel exposed on the 
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surface at normal atmospheric pressure. Relatively little information is available 

about any effects while the individual is under pressure where the effects could 

be worse. Special consideration, therefore, needs to be given to any possible 

risk to personnel inside bells or chambers. Threshold limit values (TLV) which 

can be found in specialised tables may require to be “corrected” according to 

the pressure involved. 

HAZARD IDENTIFICATION 

Historical or up-to-date data (such as analysis of samples from the site) are two 

possible methods of identifying substances. Unfortunately known substance 

information may be limited and in many cases not available. If the process of 

hazard identification does not result in a satisfactory conclusion, then the ‘worst 

case’ should be assumed and the risk assessment carried out accordingly. The 

following flowchart (Fig. 2) and information in this section should help to 

determine preventative and protective measures to be taken. 

 

Figure 86: Contaminated flow chart  
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Figure 87: Contaminated flow chart risks  

 

ASSESSMENT OF RISK 

When assessing the risk, the Diving Contractor should consider: 

a health hazard is something with the potential to cause occupational ill health 

or disease;  

risk is a measure of the likelihood that the harm from a substance or agent will 

occur; 

severity of harm is a function of the level of concentration of the agent to which 

a person is exposed, and the duration of the exposure. 

Once the nature of the substance(s) is known, as well as an indication of the 

concentration, or the ‘worst case’ has been assumed, an evaluation of the 

possible exposure has to be made. 

Risks on contact: 

nuisance risk such as a compound that clings to equipment but has little toxicity; 

or 

significant risk on contact, possibly exacerbated by wet skin. 

Risks on ingestion: 
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although accidental ingestion is less likely, some water can leak past the 

mushroom exhaust valve. This risk is much reduced with gas reclaim equipment. 

Risks on inhalation: 

highly unlikely while in the water, as the diver is breathing gas supplied under 

pressure from the surface and unlikely to become contaminated; 

could become a problem if chemical is ‘imported’ into the bell or living 

chambers – the more volatile it is then the quicker it will vaporise into the 

atmosphere; 

if inhaled, will the effect be acute, chronic or very long term? 

toxic concentrations combined with exposure levels such as those provided in 

threshold limit value (TLV) tables may require to be ‘corrected’ according to the 

pressure at depth. 

Risks by ionising radiation: 

water does provide a very effective ‘natural’ protection, and control measures 

will have to concentrate on establishing and respecting safe paths and safe 

areas; 

if radioactive materials, such as LSA (Low Specific Activity) scale, are allowed to 

dry out, dusts could be inhaled. This surface problem can usually be controlled 

by keeping any suspected materials damp and sealed. 

 

It is important that safe systems of work to reduce the risk of exposure and 

contamination from substances are put in place prior to a hazard becoming 

obvious. Pro-active measures such as engineering or design of equipment may 

be needed. Generally, what will be required is the maximum level of protection 

available. 

Planning and management of risk of exposure to contamination is dependent 

upon the ‘Hierarchy of Control’ of protective and preventative measures. 

HIERARCHY OF CONTROL 



179 
 
There are a number of options available for control purposes and sometimes it 

will be necessary to use a combination of these options in order to reduce risk. 

The hierarchy and types of control measures are: 

 

Elimination 

The ultimate control measure for any hazardous activity is to eliminate it. In 

diving, the only practical way to use elimination as a means of control is not to 

dive. This option will of course not be available in most situations since diving 

will normally only have been considered in the first place if it is the only way of 

carrying out the work. 

Substitution 

If the hazard cannot be controlled by elimination, which is likely to be the case 

for many diving tasks, then the next best option is substitution. Can the 

potential hazard be substituted for something potentially less hazardous? An 

example would be substituting the need for a diver by using a remotely 

operated vehicle (ROV) to do the work. This removes the hazard to a diver but 

substitutes a hazard to the deck crew handling the ROV after recovery. The 

hazard to the deck crew may be easier or safer to deal with. 

Engineering Controls 

Engineering control is where the hazard is controlled or limited, generally by a 

mechanical or physical means. Example might be: 

Covering over the potentially contaminated area such that the diver is physically 

separated from the contaminant; 

Creating a gas flow by over pressurising a transfer lock while bleeding gas out of 

a bell would ensure that contaminant cannot enter the living area; 

Orientating a ship such that the prevailing wind blows any possible gaseous 

contamination away from the accommodation area; 

Fitting covers (similar to a hot water shroud) to the second stage of the helmet 

to help prevent ingress of mud through the demand valve; 

As most of any drill mud will be brought back into the bell on the diver’s 

umbilical, mainly in the twisted lay of the hoses, some form of cleaning brush 

could be fitted to the bell clump weight. This could be a brush that surrounds 
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the umbilical such that the umbilical can be dragged back and forward through 

the bristles and thus cleaned properly (not a hand scrubbing brush); 

Protecting the first (say) 40 metres of umbilical with some form of rubber (latex) 

sock. This would be easier to clean or remove by the divers in the water prior to 

entering the bell; 

Special care should be taken when working with habitats in a known area of drill 

mud. Prior to landing the habitat a large plastic sheet could be laid out to cover 

the area of the habitat to prevent any mud giving off gas that could rise into the 

habitat; 

All doors to safe havens to be kept shut at all times. When a habitat is in 

position and blown dry the diver should wash the deck plates and walls with 

correct detergent (not in itself hazardous) to get rid of any residual mud. After 

entering the habitat, the diver should wash the hats and any umbilical, close the 

reclaim and bag the hat. Disposable protective suits to be bagged. If hot water 

suits are contaminated, then when dry these could start to give off gas so these 

are also to be bagged until the diver is to return to the bell; 

Fitting extra or specialised filtration to breathing gas supplies. 

 

Figure 87: Contaminated water umbilical protection  
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Administrative Controls 

Administrative controls involve laying down policies and managing workplace 

procedures. Examples might be: 

Limiting the number of personnel on deck who require to handle potentially 

contaminated equipment; 

Ensuring that only divers and surface personnel that do not have open wounds 

or skin conditions are used; 

Preparing a detailed procedure to follow and providing copies to the diving 

supervisor plus any other relevant parties; 

Monitoring for ionising radiation levels on deck such that personnel can be 

withdrawn to a safe distance if levels rise too high; 

Proper scrub down procedures for the diver when returning to the system. 

Regular change-out of helmets for cleaning and inspection; 

Prior to locking on, the bell should be totally drained of excess water to prevent 

contaminated water entering the system; 

All equipment that can be left in the bell should be, i.e. hot water suits (if the 

bell is to be surfaced); 

If back-to-back diving, all equipment should be locked out and not left in the 

system to give off gas, including wellington boots, neck dams, gloves, all 

personal gear and washed in the correct decontamination liquid; 

Any contaminated equipment that can be left outside the bell, i.e. bailouts, 

should be left on the clump weight; 

When the bellman has all the umbilical back in the bell with both divers on the 

clump weight, the umbilical should be sprayed with detergent and washed off 

with the bellman’s hot water hose (bellman on BIBS mask at all times). BIBS 

masks fitted in the bell should all be fitted with communications, not just the 

bellman’s. 
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Figure 88: Decontamination 

Personal Protective Equipment 

Personal Protective Equipment (PPE) is the last of the control measures to be 

considered once the potential for the other methods has been thoroughly 

considered. PPE is important as a means of hazard control in situations where 

the exact level of hazard may not be readily quantifiable. 

In diving situations, PPE may be the only control measure readily available to 

the Diving Contractor. Examples might be: 

Limit points of entry – proper gloves and boots that seal to the suit, neck 

protection (some form of protective neck and shoulder latex top to be worn 

next to the skin); 

Properly fitting disposable over suits are recommended. These must be 

discarded and left outside the bell before full re-entry of the diver(s); 

The wearing of two pairs of gloves, use of double cuff and neck seals etc; 

Use of thin under suits or similar in case outer suit is punctured. 

“WORST CASE” ASSUMPTION 
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In reality, it is likely to be very difficult in advance of diving operations, to know 

exactly what hazardous agents may be present in most types of contamination, 

or indeed the levels of concentration that the diver is likely to be exposed to. 

Without these key pieces of information, it is likely to be very difficult to 

conduct a meaningful assessment of either the hazard or severity which would 

allow the development of an appropriate control measure. 

When exact identification cannot be established, reasonable assumptions erring 

on the ‘worst case’ side of safety can be made: 

bell atmosphere may be polluted so divers should breathe on BIBS; 

skin contact may take place, so barrier creams, washing chemicals, protective 

suits, gloves, etc. should be used; 

although colorimetric monitoring tubes should be available in the bell, they 

cannot always be relied upon to give warning when dangerous levels occur, and 

the use of conservative assumptions may be safer. 

The fitting of hyperbaric hydrocarbon monitors inside diving bells is now a 

common control measure and is required by some client companies. Such 

monitors may not detect the full range of hydrocarbons that may be present in 

polluted water. These units are normally set to alarm at 10% of the amount of 

hydrocarbons required to induce anesthesia. The use of hyperbaric hydrocarbon 

monitors does not obviate the need for Diving Contractors to carry out suitable 

and sufficient contaminated water risk assessments and identify suitable 

controls when they are requested to dive in potentially polluted environments. 

Diving in Waters Contaminated by Drill Mud or Cuttings 

One of the most common problems is where divers have to work in areas that 

are contaminated with drill mud or cuttings. 

The operator or owner of the area may not be able to provide any detailed 

information to the Diving Contractor about the exact chemical composition of 

the fluids discharged. This has in the past resulted in localised skin irritations 

(often called “burns”), particularly around the neck, wrists and ankles. There are 

a number of basic precautions that can be taken to protect the diver from such 

contamination. 

The best advice is for such contamination to be considered as part of the risk 

assessment carried out before each dive. By considering the risk, a judgement 
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can be made as to the requirements for the dive and any precautions that are 

needed to protect the diver. 

One of the difficult problems however is that the presence of contamination 

may not be obvious to those concerned prior to the dive. This is particularly the 

case in relation to drill mud or cuttings that may be in the vicinity, but their 

presence or their exact content could well be unknown to those planning the 

dive. 

DRILL MUD/CUTTINGS 

Over the years many different chemicals have been used in drill mud and 

stimulation fluids. Their presence may not have been noted in detail, 

particularly in years past. Known constituents of such fluids that have been used 

in the past include acids, hydrocarbons, various chemical compounds and 

others. Wells drilled in more recent times may be less problematical since more 

environmentally (and diver) friendly constituents will probably have been used. 

Similarly, it is impossible to know what may be contained in cuttings that have 

returned back up the drill hole but it is reasonable to assume some may contain 

hydrocarbons. 

ATMOSPHERE CONTAMINATION 

If the divers are working from a diving bell, there is a risk that contaminants 

which give off vapours may be introduced into the diving bell when the divers 

return to it after their dive. Suitable precautions (such as removing 

contaminated over suits before entering the bell) should be considered during 

the risk assessment in order to minimise this risk. 

When considering possible atmospheric contamination of the diving bell, the 5-

10 metres of excursion umbilical closest to the diver should be considered as 

this is the portion most likely to have come into contact with any contaminants. 

If contamination of the bell atmosphere is even suspected, all occupants should 

breathe from BIBS until such time as the situation has been corrected. 

BODY PROTECTION 

In colder waters, and in deeper saturation diving, it is normal for divers to wear 

hot water suits. These provide good protection to the diver’s body but they do 

expose the skin at the ankles, wrists and neck where they terminate.  
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In warmer waters, where divers may be wearing wet suits or even fabric 

coveralls, the suit may give much less protection to the skin. In such cases, the 

use of dry suits or other means of protecting the diver’s body will need to be 

considered, although this may introduce possible overheating problems. 

In all cases the “fit” of the suit to the individual diver is important. A well-fitting 

and well-maintained suit will provide better protection than a suit that is meant 

for a different size of diver or has been modified in order to fit. 

Disposable overalls are sometimes provided to divers if they are working in 

areas of contamination. It must be realised that the purpose of such overalls is 

normally not to protect the diver but rather to protect the equipment from 

heavy soiling and to reduce the risk of contaminants being carried back into the 

diving bell. 

FOOT AND ANKLE PROTECTION 

In most diving suits, other than dry suits, the suit stops at ankle level, meaning 

that the diver has to wear other protection for the feet and ankles. This can take 

the form of neoprene bootees, wellington boots, lace-up boots etc. What is 

important, in the presence of drill mud, is to ensure that the diver’s skin is 

protected. 

Simple methods can be used to provide additional protection such as: 

ensuring neoprene bootees are long enough to overlap the leg of the suit; 

covering the joint between bootee and suit with tape or similar; 

using wellington boots with a draw-cord seal at the top; 

wearing waterproof socks of the type used by motorcyclists or climbers. 

HAND AND WRIST PROTECTION 

Many divers wear gloves while working. Some of these, such as neoprene 

gauntlets, provide good protection to the skin of the hands and wrists. Other 

types, such as canvas work gloves provide less protection. 

Simple methods can be used to provide protection such as: 

using gloves that overlap the suit and not ones which expose part of the wrist; 

using gloves made of a material that is resistant to the expected contaminants; 
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ensuring gauntlet type gloves are long enough to overlap the arms of the suit; 

covering the joint between gloves and suit with tape or similar; 

wearing thin rubber under-gloves such as domestic, kitchen or surgical gloves 

under normal diving gloves. 

NECK, CHEST AND SHOULDER PROTECTION 

The gap between the neck of the diving suit and the seal of the diving helmet or 

mask can be exposed to contaminants. Some manufacturers are currently 

looking at ways of solving this problem, such as connecting the neck of the suit 

directly to the helmet. However, the following simple methods are currently 

available: 

Minimise the area exposed. A “turtleneck” of neoprene or similar can be used;  

For many diving helmets, a “cold water” neck seal is available which fits inside 

the diving suit. 

EQUIPMENT DAMAGE 

Divers will frequently “modify” equipment to suit their individual working styles. 

In many cases this has in the past involved them cutting parts out of their 

equipment. Typical examples are divers who cut small holes in boots so that the 

water drains out of them more quickly when they go back to the bell; divers 

who cut fingers out of gloves to improve their manual dexterity; cutting back of 

suit legs, necks and sleeves if they are felt to be the wrong size. 

Any such modifications to equipment will reduce the ability of that equipment 

to provide protection against contaminants and many of these modifications 

will expose the diver, or those using the equipment after them, to increased 

risk. Personal modification of suits or other equipment should be discouraged. 

BARRIER CREAMS 

On the surface, barrier creams are often used to provide protection to skin from 

irritant materials. The disadvantage of most creams for diving use is that they 

are normally designed such that they can be relatively easily removed by 

washing. Such water-soluble creams are thus fairly ineffective in protecting a 

diver, although water resistant barrier creams are available. Any barrier cream 

used should be checked regarding its suitability for diving use. 
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ISOLATION FROM PROBLEM 

One solution which has proved very effective is to cover any known 

concentrations of contaminated drill cuttings on the seabed such that the 

activities of the divers does not agitate them and raise contaminants from the 

seabed. 

Covering such access areas for the divers with a plastic membrane, temporary 

flooring system, removable trackway, portable roadway or similar can therefore 

provide significantly increased protection to divers working in the vicinity. 

CHECKLIST 

The following checklist can help to assess the risks and mitigations required. The 

checklist is split into two parts – one for those planning the work, often the 

Company onshore and the second for those at the Worksite carrying out the 

work. 

Oxygen-Arc Cutting 
Oxygen-arc cutting is defined as an oxygen cutting process in which metal is 

severed by means of the chemical reaction of oxygen with the base metal at 

elevated temperatures. The heat of the arc brings the metal to its kindling 

temperature and then a high-velocity jet of pure oxygen is directed through a 

tubular cutting electrode at the heated spot. The metal oxidises and is blown 

away. The tip of the electrode, which is exposed to both heat and oxidation, is 

consumed in the process and needs to be replaced by the diver at regular 

intervals. 
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Figure 89: Oxy-Arc Cutting 

 

Typically, oxy-arc cutting is utilised to cut steelwork in the underwater 

environment, some examples of which are described in the following bullet 

points: 

structure removal; 

removal of redundant steelwork from a worksite to provide access for 

installation activities; 

removal of damaged tubulars and caissons; 

cutting of seized bolts subject to removal or replacement; 

major abandonment operations. 

Guidelines for Oxy-Arc Cutting 

The guidance document, addresses the basics of oxy-arc cutting. It includes 

general points that should be considered when deciding if oxy-arc cutting is the 

correct solution and it places great emphasis on safety, risk assessment, 

planning and general equipment maintenance. The risk assessment covers 

underwater explosions. These have occurred in the industry and some 

explosions have been fatal. They occur due to the simultaneous presence of 
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explosive gases (e.g. oxygen and hydrogen), heat (from the electrode) and the 

possibility of gas build-up. 

OBJECTIVES 

The objectives of this guidance are as follows: 

provide guidance to improve the safety and efficiency when conducting oxy-arc 

cutting; 

place greater emphasis on the risk assessment process prior to commencing the 

job; 

provide operational considerations associated with oxy-arc cutting; 

provide preventative maintenance guidance for equipment associated with oxy-

arc cutting. 

ALTERNATIVE CUTTING METHODS 

A decision to use oxy-arc cutting should always be considered against other 

methods. Risks should be identified, assessed and controlled. The risk levels to 

divers associated with the presence of oxygen, electricity and diving related 

environmental conditions such as limited visibility or access etc. emphasise the 

need to always look at alternate options prior to committing to the use of oxy-

arc cutting. 

When confronted with an underwater cutting operation, the planning team 

should review the advantages and disadvantages of all forms of cutting 

(mechanical, explosive and electrochemical and thermal) prior to identifying the 

appropriate method to use. Many alternative cutting methods can be safer and 

in some cases, faster and more cost-effective than oxy-arc cutting. 
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Figure 90: Hydraulic cutter  

SAFETY IMPLICATION 

There are two main safety factors to be considered when carrying out subsea 

cutting operations. 

The prime consideration needs to be to ensure the safety of all personnel 

involved in the operation (surface and sub-surface). The divers are at the 

greatest risk throughout the operation and most effort needs to be 

concentrated towards ensuring their safety. However other personnel like 

diving tenders and topside support staff should not be ignored. 

The second consideration is to minimise the risk of damage to adjacent 

structures and surface support vessels as such damage is also likely to cause risk 

to personnel. 

The safety implications of a particular cutting method need to be considered 

using a combination of past experience and professional judgement. The major 

risks inherent with subsea cutting operations have been identified as: 
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steam or gas explosion caused by thermal techniques or by igniting trapped 

flammable material; 

electrocution from power source; 

failure of gas hose (under pressure) giving ‘line whip’ and fire risk; 

injury by falling or moving equipment; 

collapse of damaged or weakened members; 

injury through diver interactions; 

damage to diver’s life support system; 

flooding of air-filled spaces. 

RISK ASSESSMENT 

Due to its very nature, oxy-arc cutting operations should always be considered a 

hazardous activity and control measures arising from thorough risk assessments 

may reduce the probability of injury or damage. As such, all other cutting 

options available should be reviewed prior to opting for an oxy-arc solution. 

If cutting using oxy-arc is to be used, then it should be as part of the project 

onshore risk assessment and be classed as ‘safety critical’ tasks in all associated 

procedures. Prior to commencing the offshore task, an onsite job risk 

assessment should be conducted, with all relevant personnel. 

The following table identifies some keywords to be considered when conducting 

a risk assessment on oxy-arc operations. 

Smartphone/tablet users may view the following table in landscape mode. 

MANAGEMENT OF CHANGE 

Each diving contractor should have in place a Management of Change (MOC) 

procedure which describes what actions need to be taken if there is a need to 

revise an existing approved design, fabrication or work/installation procedure 

and how to manage change associated with unplanned events that may arise 

during the offshore works. Normally a formal review of the change should take 

place to ensure that safety is not compromised. 
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When an offshore risk assessment is required senior personnel – typically the 

diving superintendent/ offshore manager, vessel master, diving supervisor, 

project engineer and client – should carry out this risk assessment. The 

contractor’s management of change procedure needs to describe clearly the 

process to be followed, including the requirement for offshore and onshore 

reviews and risk assessments and who needs to give approval offshore and 

onshore both from the contractor and the client, for any revision or change. 

FAILURE MODE, EFFECT AND CRITICALITY ANALYSIS (FMECA) 

Failure mode, effect and criticality analysis (FMECA) on oxy-arc cutting has 

identified the following principal failure modes (PFM) (ref. HSE OTH 349). 

FAILURE: Blowback CAUSE: Spontaneous combustion of trapped oxygen; 

FAILURE: Blowback CAUSE: Steam explosion; 

FAILURE: Loss of power CAUSE: Poor electrical connection; 

FAILURE: Hose/umbilical breaks CAUSE: Failure of couplings; 

FAILURE: Failure to strike arc CAUSE: Poor ground conditions.  

COMPETENCY 

Oxy-arc cutting requires a specific skill set. Personnel carrying out the task 

should be confident in their ability prior to performing the task and refuse to 

perform the task if they are not confident to conduct the task safely. 

It is the employing company’s responsibility to ensure the selection of personnel 

for oxy-arc cutting is captured within the company specific competence scheme. 

Diving supervisors should: 

be competent in the management of burning operations, including knowledge 

of the primary risks, their controls and compliance with industry/company 

guidelines 

be familiar with the work site, through procedural review, diver inspection and 

assessment. 

maintain physical control of the dive, burning operation, and management 

control over the knife switch or circuit breaker controlling the electrical current 

to the burning torch. 
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participate in the risk assessment specific to the burning operation 

be satisfied that the task of oxy-arc cutting is being conducted by suitably 

trained and competent personnel 

It is essential that the dive supervisor does not take over or hand-over an 

operation to the next shift supervisor without a thorough exchange of 

information. This information should be recorded in the log and should include: 

equipment status, location of diver, earthing/grounding point and any other 

relevant safety critical information prior to leaving the radio or assuming control 

of the diver. 

Equipment 

Oxy-arc cutting equipment spreads may comprise the following major items: 

welding generator capable of supplying a minimum of 150 amps DC (positive 

earth/ground polarity); 

topside suitable double pole knife switch for breaking circuit or circuit breakers 

fitted in Dive Control; 

oxygen quad fitted with high flow regulator (oxygen purity >99.5%) 

oxygen rated high flow regulator capable of supplying 70 cfm (1.98 m3 /min) of 

oxygen. A flashback arrestor and pressure relief valve should be incorporated 

into the regulator on the downstream (low pressure) side; 

underwater burning umbilical typically consisting of: 

oxygen supply hose of appropriate rating 

electrical earth/ground cable c/w G clamp 

electrical power cable 

cutting torch 

a strength member 

In addition to these principal items of equipment, the diver should be provided 

with the following to perform the oxy-arc burning operation: 

consumable cutting rods; 
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welding visor to attach to diving helmet; 

spare collets and washers for torch; 

rubber gloves; 

surgical under-gloves; 

welding rod as a ‘Bridge Checker’ 

Note: Control of the electrical ignition source is from dive control with either a 

manual knife switch or an electrical circuit breaker operated by the dive 

supervisor. 

 

Figure 91: Standard Oxy-Arc set up 

 

CONSUMABLES 
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There are two main types of rod used in oxy-arc cutting – steel tubular 

electrodes and exothermic rods. 

Steel tubular electrodes  

Steel tubular electrodes have the following advantages: 

the cutting technique is simple and readily mastered;  

metals up to 50 mm in thickness can be cut; 

cutting is performed rapidly; 

neat, trim, narrow cuts are produced; 

the power required is within the capacity of a 400 amp welding power supply.  

The disadvantages of the steel-tubular electrode are: 

the burning time of the electrode is short (approximately one minute); 

it produces a narrow gap which may be difficult to locate in poor visibility 

conditions; 

the higher amperage requirement deteriorates the electrode holder more 

rapidly than the exothermic process. 
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Figure 92: Welding rods 

Exothermic (or Ultrathermic rods) 

Exothermic electrodes have the following advantages: 

the cutting technique is very simple and readily mastered; 

they will cut thin metal when the power is off; 

cutting is performed rapidly; 

they will cut all ferrous and most non-ferrous metals; 

they are applicable to all metal thicknesses; 

they will burn through concrete, rock, coral, marine growth and other non-

conductive materials when the power is off; 

the power required is within the capability of a 200 amp welding power source; 

The following are disadvantages of exothermic electrodes: 
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a larger volume of oxygen is required than with steel-tubular electrodes; 

burning time of the electrode is short; 45 to 55 seconds; 

contact with the work is not required to sustain ignition, thus electrode waste 

can occur. 

 

Figure 93: Cutting rods  

DEPLOYMENT 

Unless the equipment is incorporated within diving related equipment on a 

permanent platform, such as on a diving support vessel, the oxy-arc cutting 

systems may be supplied to the vessel on a handling rack. Due to the weight of 

the electrical cables, the subsea umbilical may have D rings spliced at 15m 

intervals to allow the deck crew to support the weight of the umbilical. 

Depending on the depth/location of the worksite, this could be achieved by 

attaching with running shackles to a down line (positioned midwater) or chained 

to a deployment tugger wire and clump weight (at the seabed). 
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Sufficient cutting umbilical should be available to allow the diver to reach the 

worksite, without having to disconnect from the down line/tugger wire. 

 

Figure 94: Burning rigging  

Care should be taken on the vessel to ensure that the oxy-arc cutting umbilical is 

not deployed over sharp edges that may result in damage or that the oxygen 

hose does not become crimped if a hold back rope is utilised to tie off the 

umbilical. 

The oxy-arc cutting umbilical should be treated with the same level of respect as 

would be given to a diver’s umbilical. 

ELECTRICAL POWER SUPPLY 

A number of considerations are required when using electricity within the 

subsea environment, not least the hazard to the diver from electric 

shock.  provides guidance when using electricity underwater: 

All oxy-arc operations require a direct current (dc) generator capable of 

supplying at least 150 amps at the electrode (up to 400 amps when using steel 

tubular electrodes). Electrical protection provided by rubber gloves is a 

necessity for oxy-arc cutting operations as well as adherence to operational 

procedures; 
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Control of the electrical supply to the diver requires the integration of either a 

double pole manual knife switch or electrical circuit breaker (single pole and 

suitably rated at 600 amps minimum) in the lines, directly under the control of 

the diving supervisor. If a knife switch is used, then it needs to be insulated or 

shielded to protect the operator from arcing; 

Electrical polarity – To ensure correct operation of the cutting torch the 

electrical supply from the dc generator is required to be connected correctly, 

ensuring the electrode (consumable rod) is negative and the earth connection 

positive; 

Electrical grounding – Prior to commencing oxy-arc cutting the diver is required 

to connect the ground cable via a G clamp to the conductive, ferrous material to 

be cut, thus providing an electrical circuit through contact with the cutting rod. 

To limit the potential for electrical shock, the diver should not, at any time, 

position himself between the ground and the cutting rod to avoid becoming 

part of the electrical circuit. 

 

Figure 95: Burning/welding warning  

 

OXYGEN SUPPLY 

A number of considerations are required when using oxygen within the subsea 

environment: 

A large volume of oxygen is consumed when performing oxy-arc cutting 

operations. The oxygen should be delivered to the worksite via a subsea 

umbilical which incorporates both the electrical supply and ground cables 

together with a single diameter oxygen hose. Control of the oxygen supply 

delivery pressure is via an oxygen rated, high flow regulator capable of 
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delivering 1.98 m3 /min (70 cfm) at a pressure rate of 6.21 bar (90 psi) above 

the pressure at the diving worksite due to the water depth; 

Calculate oxygen regulator gauge pressure setting as follows: For every 10 feet 

of hose length required, add 1 psig to the 90 psig necessary at the tip. This 

compensates for frictional line losses. Additionally, add 0.445 psig for every foot 

of working depth; 

Oxygen partial pressure increases in relation to the water depth and strict 

control of the diver’s environment (diving bell) to prevent contamination of 

breathing mixtures is required to be in place. Oxygen venting from the oxy-arc 

cutting operation should at no time compromise the diver’s life support system; 

Oxygen entrapment at the worksite can have serious consequences as it creates 

the potential for an explosion. This explosive force is exacerbated proportionally 

as depth increases. Prior to any operations taking place, a full assessment needs 

to take place to ensure no gas pockets can build up, whether due to the 

structure configuration, voids or underneath steel plates resting on the seabed 

floor; 

Oxygen and oils or grease should not be mixed, as hydrocarbons can ignite 

almost spontaneously in the presence of oxygen. All equipment should be 

cleaned to the required standard for oxygen service. Topside pressure testing of 

the oxygen hose should never be conducted utilising the vessel’s compressed air 

system due to the possibility of hydrocarbon contamination from oil 

residue.  provides guidance on cleaning equipment to be used in oxygen service; 

A flashback arrestor and Monel screen should be incorporated within the 

cutting torch, to protect the diver and inhibit damage to the cutting torch 

through oxygen explosion. This should be checked as part of an ongoing 

maintenance programme to ensure no corrosion damage has occurred through 

electrolysis and no clogging has occurred to reduce oxygen flow; 

A flashback arrestor in combination with a pressure relief valve is required to be 

incorporated into the oxygen rated, high flow regulator on downstream (low 

pressure) side of the surface oxygen gas quad. Oxy-arc cutting operations 

should not be conducted without these safety features incorporated; 

Oxygen purity for all underwater oxy-arc cutting should be 99.5% or greater to 

ensure cutting efficiency. 
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The following should be considered regarding the operational use of the cutting 

torch: 

Oxy-arc cutting operations within the splash zone should be avoided, as the 

diver could become exposed to the air/water interface, and he would be at risk 

of severe electric shock if only partially immersed in water; 

The cutting operation should be halted when the cutting rod has been 

consumed to within 75 mm of the cutting torch. The diver should release the 

trigger, halting oxygen flow to extinguish the cutting rod. Failure to halt 

operations may cause damage to the cutting torch, including electrolysis to the 

flashback arrestor; 

A suitable cutting visor should be utilised to protect the diver’s eyes during 

cutting operations; 

Surgical under-gloves can be utilised in addition to the primary rubber gloves to 

help prevent electric shock. 

Settings and Consumption Rates 

The consumption rate of oxygen is dependent on the depth of the worksite and 

the flow rate utilised to optimise the burning technique. The greater the volume 

of oxygen delivered to the cutting rod the faster it is consumed, with the 

optimum delivery pressure at the cutting rod of 6.21 bar (90 psig) above the 

working depth. 

It is also necessary to add 1 psig for every 10 feet of hose required. This is on top 

of the optimum delivery pressure of 90 psig (6.21 bar) above the working depth. 

This compensates for frictional line losses. Additionally, add 0.445 psig for every 

foot of working depth.  

Always use manufacturers’ recommended guidance to establish settings and 

consumption rates (e.g. Broco Inc.’s Underwater Cutting Operating Instructions 

– see tables below). 

Recommended settings for the oxygen supply pressures to the cutting torch. 
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Figure 96: Burning gas pressures  

Recommended settings for the amperage supply to the cutting torch. 
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Figure 97: Burning amps 

Whether conducting oxy-arc cutting operations, an offshore (onsite) job risk 

assessment is to be conducted on the vessel prior to commencing the task. 

PROCEDURAL STEPS 

The following steps have been identified and should be considered when 

developing the company’s specific procedures for undertaking oxy-arc cutting 

operations: 

Project team to complete the offshore JSA and relay its findings to all relevant 

parties;  

Project deck crew to complete a surface preparation checklist (example below 

Surface Preparation Checklist); 

Project diving team to complete a subsea preparation checklist (example below 

Subsea Operation Checklist); 
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Deploy divers/remotely operated vehicle (ROV) to locate and assess the 

worksite; 

Positively identify and mark the subsea component to be cut. Second diver or 

ROV to validate location; 

Diver/ROV to undertake an assessment of the worksite for the potential for gas 

entrapment, either within cavities or overhead. Pneumofathometer to be used 

to assess the location of gas discharge and direction of the plume relative to 

diving bell; 

Positively identify the position of any vent holes required and mark accordingly. 

Second diver or ROV to validate location and dive supervisor and client’s 

representative to confirm agreement; 

Divers and supervisor to agree whether to cut vent holes with oxy-arc; 

If required, diver to secure the intended component to be cut to ensure that, 

once severed, no movement will have the potential to injure the diver or 

damage equipment or assets; 

Dive supervisor to confirm that dc power supply is isolated, prior to oxy-arc 

cutting equipment deployment; 

Dive supervisor to confirm that the oxygen supply is isolated at the regulator 

topside, prior to oxy-arc cutting equipment deployment. Note: the oxygen line 

should be left ‘charged’ to required pressure for working depth to inhibit water 

ingress into the hose; 

Deploy oxy-arc cutting equipment, D rings spliced onto the subsea umbilical 

should be utilised to support the weight, if possible. Depending on the 

depth/location of the worksite, the subsea umbilical can be supported with 

running shackles attached to a down line (midwater) or chained to a 

deployment tugger wire and clump weight for seabed operations; 

Ensure sufficient spare length is available to allow the diver enough slack in the 

cutting umbilical at the worksite; 

Diver to manoeuvre the cutting umbilical to worksite and secure sufficient 

length to conduct the cutting operations; 
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Deck crew to secure oxy-arc umbilical on deck ensuring oxygen hose is not 

crimped; 

Diver to identify the ground cable, intended connection point and remove any 

paintwork/clean area to bare metal for G clamp connection. Ideally connect to 

redundant steelwork or component to be cut to ensure any potential for arcing 

does not damage existing assets; 

Diver/dive supervisor to confirm that ground connection position does not 

position the diver between the earth and the cutting torch to limit the potential 

for electric shock. Connect earth/ground G clamp; 

Install protection, if necessary, to avoid accidental damage during cutting 

operations; 

Install cutting guide, if necessary, to aid the cutting operations; 

Once the diver and the dive supervisor are in agreement that cutting operations 

can commence, deck crew to de-isolate the oxygen supply at the regulator and 

ensure the low pressure gauge reading is 6.21 bar (90 psi) above the diver’s 

working depth pressure; 

Diver to insert cutting rod into torch, ensuring it is fully inserted and is 

bottomed out on the neoprene washer, prior to tightening cutting torch head; 

Diver to test flow oxygen through cutting torch. A visual indication of good flow 

is to hold the cutting torch horizontal and have a minimum gas jet length of 300 

mm (12 in) emitting from the cutting rod; 

Diver to position himself, slightly offset and comfortable for the full range of the 

intended cut without any further movement required; 

Diver will request the electric power to be turned on, usually on the command 

‘make it hot’, whilst fully flowing the oxygen supply and contacting the cutting 

rod on to the cut position, making the electrical circuit; 

On cutting rod ignition, diver to request the electric power to be turned off, 

usually on the command ‘make it cold’. In the case of exothermic cutting, the 

rod will continue to burn as long as the oxygen supply is flowing; 

During oxy-arc cutting operations the second diver or ROV should be positioned 

to allow observation of the working diver during cutting operations; 



206 
 
Proceed with cutting operation until cutting rod has been consumed, leaving a 

75 mm (3 in) stub. Lift off and close oxygen supply allowing rod to extinguish; 

Tap cutting rod stub on to cut position as visual observation of no electrical 

power supply and remove cutting rod stub; 

Diver to check cut for any bridges across cut path. Hacksaw blade or 6 mm 

welding rod to be passed along cut path to confirm fully severed; 

Insert new cutting rod. Continue process until cutting operations is complete; 

On completion of the cutting operations the dive supervisor will request the 

deck crew to turn off the dc generator; 

On completion of the cutting operation the dive supervisor will request the deck 

crew to isolate the oxygen supply at the regulator and turned off at the supply 

quad; 

Recovery of the subsea umbilical is to be a reverse of deployment, with the deck 

crew recovering the equipment to the deck and the diver ensuring that the 

equipment is removed from the worksite and clear to the surface; 

Once the equipment is recovered, deck crew will vent down any residual 

pressurised oxygen in the umbilical. 

POST USE MAINTENANCE 

Disconnect cutting torch and install temporary cap on oxygen hose;  

Wash cutting torch with fresh water and allow to dry;  

Disassemble the torch head and inspect for any signs of corrosion, clogging or 

screen burn out. Replace items as necessary. Disassembly and reassembly 

should be as per the manufacturer’s instructions;  

Always store the cutting torch and remaining rods in a dry, oil free environment 

when not in use. 

Note: It should be reiterated that good preventative maintenance practices 

should ensure less operational downtime. 

Troubleshooting 

ELECTRICAL SUPPLY 
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Generally, the exothermic cutting rod requires approximately 150 amps at the 

cutting torch to ignite under the flow of oxygen. If using steel tubular electrode, 

the amperage will be higher. The required amperage at source to perform the 

task is very dependent on cutting umbilical length. It is important to ensure the 

correct tools are available for the job. 

The inability to create an arc strike when contact is made between the cutting 

rod and the worksite may be due to one or more of the following factors: 

Is the dc generator operating and umbilical connected? 

Is the amperage setting appropriate (utilise tong tester on output if available)? 

Is the polarity correct (negative to cutting torch)? 

Is the earth/ground connection clean and attached? This should be checked by 

the diver. 

If necessary, the diver can attach a test plate directly into the G clamp on the 

earth/ground and test the system. 

When the polarity of a welding generator is uncertain (e.g. the terminals are 

unmarked or not legible), it will be necessary to determine the polarity before 

proceeding with cutting (or welding) operations. Personnel performing this test 

need to be properly insulated from the current. 

The procedure for testing is as follows: 

With the power source dead, connect the ground and welding leads to the 

terminals; 

Attach a small plate to the ground cable and place a cutting rod in the cutting 

torch; 

Immerse the plate and tip of the cutting rod in a container of saltwater and hold 

them about 50 mm (2 in) apart; 

The supervisor should energise the torch (‘make it hot’) and one of the following 

will occur: 

a heavy stream of bubbles will rise from the cutting rod tip. This indicates 

straight polarity, that is: dc, electrode NEGATIVE (-) 
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if bubbles appear from the plate, switch off the current and change the lead 

connections to the opposite terminals. Repeat the test and label the machine 

terminals for future reference; 

Once the correct polarity is determined, the ground clamp should be bolted to 

the POSITIVE (+) lead and the cutting rod holder attached to the NEGATIVE (-) 

lead. 

 

Figure 98: Burning set up 

 

OXYGEN SUPPLY 

Oxy-arc cutting relies on an unobstructed oxygen flow to be most effective. 

Providing ignition has occurred the root cause of any inefficiency will be due to 

either the oxygen supply or technique. 

A visual indication of good flow is to hold the cutting torch horizontal and have a 

minimum gas jet of 300 mm (12 in) length emitting from the cutting rod, when 

fully depressing the torch handle. 

If there is a problem with igniting the cutting rod, the following should be 

checked with regard to oxygen flow: 
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Confirm the oxygen regulator is set to the correct pressure rating relative to the 

diver’s working depth. The cutting process requires an optimum setting as per 

manufacturer’s recommendations over the working depth to work efficiently; 

The deck crew should confirm the umbilical is not restricted/compressed at the 

over boarding sheave or any restraints utilised; 

The diver should remove the rod and confirm the flow rate stream coming from 

torch, to eliminate the possibility of a blocked rod from the diagnostics; 

The diver should remove the collet and washer and ensure they are in good 

condition and the washer is not restricting flow; 

The diver should examine the oxy-arc umbilical subsea to ensure no kinks or 

loops are restricting the oxygen flow rate; 

The ROV should inspect the oxy-arc umbilical for any damage that may result in 

leakage; 

On elimination of above, the dive supervisor should consider recovering the 

oxy-arc umbilical to deck to disassemble the torch head and inspect for any 

signs of corrosion, clogging or screen burn out and replace items as necessary. 

Disassembly and reassembly should be as per the manufacturer’s instructions. 

Oxy-Arc Cutting – Underwater Explosions 

 
We have received reports from members of four separate incidents of 

underwater explosions occurring when oxy-arc cutting techniques have been in 

use: 

1 A diver was making corner holes in the ships shell plate using Ultrathermic 

cutting rods to mark the area that had to be cut out. The rod did not ignite and 

the diver was forced to tap a number of times with the rod on the cutting spot. 

Every time he tapped, an amount of oxygen must have been escaped from the 

rod and eventually the mixture in the gas pocket reached its lowest explosion 

level value. When the rod ignited, the heat, together with hydrogen, reached 

the gas pocket, which was followed by an explosion. The diver was hit by the 

pressure wave of the explosion and became dizzy/ unconscious for a short 

period. The standby diver guided the victim out of the wreck. The diver went 

into the decompression chamber and was then taken to the hospital for 
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observation. He had some chest pain but was able to resume working after 

three days. 

2 Salvage divers were cutting an access hole into a tank for lifting slings to be 

installed. The hole had to be burned from the inside to the outside. Before 

starting with the cutting, the remaining oil and air pockets were removed by a 

pump. After checking that there were no visible residues of oil the diver started 

to cut a hole in the tank. Within approximately five seconds an explosion took 

place. The standby diver immediately started to retrieve the umbilical and the 

supervisor kept talking to the injured diver. The injured diver managed to climb 

the dive ladder himself. When the injured diver was on deck the paramedic 

examined him and he was then taken to hospital. Both of the diver’s eardrums 

had been perforated and he had a sore throat and nose and chest pain. The 

diver could not resume his work for 37 days. 

3 During cutting work in a double bottom on a salvage job while cutting the 

bottom plating in longitudinal direction, a diver tried to cut a small hole in the 

tank to avoid gas pockets building up under the tank top. When the cutting rod 

had initially gone through the tank top plating, the diver had reported some 

suction into the hole. While he drew the cutting-rod back, an explosion 

occurred. The diver was able to come to the surface without any problem or 

assistance of the stand by diver. After the decompression, the diver medic 

diagnosed a perforation of both eardrums. 

4 The fourth incident occurred during the cutting of tank wall plating. The 

intention was to flush the tank for a couple of hours using an air hose before 

and during the actual cutting. The diver wanted to cut a small hole in the tank 

wall, just beside a hole made by his predecessor, to connect a thin rope to keep 

the air hose in place. Before resuming cutting, the diver felt with his hand inside 

the hole to check for a gas-pocket and everything seemed to be okay. Within a 

few seconds of starting cutting, he saw a fire inside the tank and an explosion 

followed. The diver was able to come to the surface without any problem or 

assistance of the stand by diver and was transferred to a nearby rig for medical 

treatment. The medic diagnosed perforation of both eardrums. 

Oxy-arc cutting involves the use of large quantities of oxygen and generates 

hydrogen during the process. When the proportion of hydrogen to oxygen 

reaches a certain level, an explosive mixture is formed, which will ignite when 

the arc, or a spark, reaches it. Reminders of the following factors known to 
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cause an explosion during oxy-arc cutting have been identified by those involved 

with these incidents: 

Gas pockets – gas pockets are formed when the shape of a structure is such that 

bubbles of gas are trapped on their way to the surface and allowed to 

accumulate in sufficient quantity; 

Blow backs – blow backs are spontaneous explosions of varying intensity which 

appear to be generated at the cutting point. A research project was carried out 

on the oxy-arc cutting technique at depth. It showed that there is enough 

hydrogen produced, during the time between making the rod ‘hot’ and striking 

the arc, to cause an explosion. During the research an interval of four seconds 

was shown to be long enough to produce sufficient hydrogen to cause a serious 

explosion, even in half-used rod; 

Explosive or flammable substances – depending on the substance involved, 

various gases or fumes can be released during cutting which can contribute to 

the mechanism of blow back. For instance: hydrocarbons inside a pipe, paint or 

bitumastic coatings, and some light alloy materials. 

Actions instigated by those involved include specifying the use of hard helmets 

such as the super-lite for use during operations of this type and cold-cutting-

drilling of holes to flush enclosed spaces prior to commencing hot work. 

Particular recommendations arising from these incidents have included the 

following. 

It is recommended that detailed risk assessments are carried out before 

underwater cutting operations commence, specifically when there may be a 

potential of gas entrapment and/or residual traces of hydrocarbons (such as in 

double bottom tanks/fuel tanks of vessels). Risk management measures such as 

diver awareness, for example divers should be familiar with IMCA D 003 (Oxy-

Arc Cutting Operations Underwater), use of cold cutting techniques and flushing 

void spaces with inert gasses such as nitrogen. The use of Arc Air Rods could 

also be considered in some cases. Whenever carrying out potentially hazardous 

operations such as those described in the text, it is imperative that diving 

supervisors and diving personnel are competent in terms of the skills required 

by the operation and the identification and management of hazards associated 

with the operation. 
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Hydraulic Cutting 
Techniques used for cutting underwater are basically similar to those used on 

the surface and fall into four basic categories. These are mechanical methods, 

thermal methods, explosive methods and electrochemical methods. 

Mechanical methods are the most familiar and use hard cutting tools to remove 

or cut material (typically steel) in a sawing, rotating, milling or shearing action. 

Hydraulic cutting represents a mechanical cutting technique widely used both 

above and below the waterline, and addresses cutting challenges associated 

with caissons, pipelines, tubulars, subsea jackets, piles, mooring and anchor 

chains, pipelines, risers, bundles, flexibles, Umbilicals, and other structures. 

Examples of hydraulic cutting methods are pipe-saws, hydraulic shear cutters 

and hydraulic saws and grinders. Commonly referred to as ‘cold cutting', it may 

be the only safe option in certain circumstances. 

  

 

Figure 99: Hydraulic cutter  

CUTTING METHODS 

Mechanical 
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This method relies on the plastic deformation, shearing and removal of a layer 

of material from the surface of the work piece. In order to achieve this a cutting 

tool is required that is significantly harder than the work piece and the cutting 

point must be small in comparison with the area on which it cuts. Thus, in 

conventional machining, a sharp tool of hard material is used. 

Thermal 

Thermal cutting processes rely on applying heat locally to melt metal. However, 

in the case of steel directing additional oxygen onto molten metal allows the 

iron to burn, producing an oxide and additional heat due to the exothermic 

nature of the reaction. This method of cutting satisfies the bulk of underwater 

cutting requirements particularly when the only consideration is the rapid 

removal of excess or redundant material. 

 

Figure 100: Thermal cutting  

Explosive 
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Underwater cutting can be achieved using low or high explosives using bulk, 

collision or shaped charges or shockwave refraction tape. The main advantage is 

the extremely rapid cutting and multiple simultaneous cuts can be achieved and 

the major disadvantage is the operators require a very specific skill set to use 

this method. 

 

Figure 101: Explosive cutting  

Electrochemical 

Electrochemical cutting processes are a relatively recent development. 

Electrochemical Machining (ECM) is the most widespread process. Metal of any 

hardness is removed by anodic dissolution in an electrolyte, in a process which 

may be regarded as reverse electroplating. The work piece is made the anode 

by connection to the positive terminal of a DC power supply. The tool that cuts 

into the work piece is made the cathode by connection to the negative terminal. 

An electrolyte is pumped between the two and the tool is gradually driven into 

the work piece, with the dissolved material transported away by the electrolyte. 
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Figure 102: Electrochemical grinding  

RELIABILITY & SAFETY FACTORS 

The reliability of any cutting process is always important especially when the 

process is deployed at the maximum diving depth. Poor reliability leads to 

considerable loss of production time and, in a subsea environment where 

divers’ time is at a premium, substantial increases in operating cost may be 

incurred by it. In addition, there may also be direct implications on the safety of 

personnel. The cutting methods that employ simple, proven and robust 

equipment, purpose designed for use subsea, are likely to be favoured. 

Many factors will influence the choice of cutting techniques: 

safety; 

the experience of the contractor; 

legislation requirements; 

the availability of equipment and its cost; 

configuration of the structure; 

water depth; 

weather windows. 
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For certain cutting operations there may be only one practical technique, but 

for many others judgement is needed to select the most appropriate. The safety 

implications of any particular cutting method must be considered using a 

combination of past experience, professional judgement. The major risks 

inherent with subsea cutting operations have been identified as: 

electrocution from power source 

failure of hydraulic or gas hoses (under pressure) giving 'line whip' and fire risk 

unintentional or premature detonation of explosives/pyrotechnic charges 

gas explosions caused by thermal techniques or ignition of trapped volatile 

gasses 

injury by falling or moving equipment 

uncontrolled release of severed members, or sections 

collapse of damaged or weakened members 

injury through diver interactions; 

damage to diver’s life support system; 

flooding of air-filled spaces. 

HYDRAULIC-POWERED UNDERWATER CUTTING 

Hydraulic power is the most common form of power used subsea for diving 

tools. Power is transmitted from surface mounted hydraulic pump unit (HPU) to 

the cutting tool at the cut site via oil (hydraulic fluid) supplied through hoses. 

Hydraulic circular saws, for example, uses hydraulic direct drive power to 

maintain cutting speed and torque. 

The use of fluid powered tools is limited to the depth to which the fluid power 

can be transmitted from the surface, and this required pressure is controlled by 

topside to overcome the line losses. Because of the high pressure needed, the 

supply hoses are heavily walled and can cause handling problems. 

In some cases, a hydraulic power supply can be provided by suitable work-class 

ROVs that can be co-located at the work site. 

Advantages 
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cutting performance tends to be very predictable; 

cut can be accurately placed especially when used in conjunction with jigs; 

all grades of steel can be cut provided the correct tool is used; 

the cutting tools can be installed quickly by a diver and are easy to use; 

tools and consumables are relatively inexpensive; 

tools are small in size and consequently are often used in situations where 

access is restricted. 

Disadvantages 

cutting tool wear is generally quite high and so change overs and replacements 

are needed; 

deformation of the steel being cut can jam or break the tool; 

cutting time can be relatively slow; 

slow and inefficient way of cutting steel; 

some tools may be difficult for the diver to operate and handle due to poor 

visibility buoyancy issues and lack of adequate footing and hand holds; 

hydraulic hoses are heavy and stiff causing handling problems; 

good access is normally required. 

Safety Considerations 

The primary safety consideration when carrying out subsea cutting operations is 

to ensure the safety of all personnel involved in the operation (surface and sub-

surface). The divers are at the greatest risk throughout the cutting operation 

and most effort needs to be concentrated towards ensuring their safety. 

However, other personnel like diving tenders and topside support staff should 

not be ignored. 

All users of hydraulic tools and equipment should meet the operational and 

familiarisation requirements as below: 

Induction process 

Use a checklist 



218 
 
Read the operating instructions 

Use the correct hydraulic pressure and flowrates 

Follow the emergency procedures 

HYDRAULIC FLUIDS 

Hydraulic fluids are complex mixtures of many chemical components, some of 

which may be toxic. Some common hydraulic fluids are water, silicone, 

petroleum oil, synthetic hydrocarbons (such as polyalphaolefins or PAO), and 

even vegetable oil. Exposure to hydraulic fluid can occur through touch, 

injection, ingestion, and inhalation. The main hazards associated with hydraulic 

fluids are: 

Temperature 

Ignition 

Slips, trips and falls 

Injection injuries  

Pollution 

Overall, most hydraulic fluids are not particularly dangerous. However, they are 

not meant to be touched directly, swallowed, or inhaled. Used hydraulic fluid 

can contain microscopic metal fragments, waste materials and contaminants 

collected during the time of use. Occasionally, some hydraulic fluids can cause 

skin drying and irritation. 

Hydraulic fluid under pressure could cause skin injection injury leading to 

poisoning. Do not check for leaks with unprotected hands. If injured by 

hydraulic fluid, immediate medical attention is necessary. 

Most hydraulic systems operate at temperatures above 120°F (50°C). Skin 

contact with hydraulic fluid or metal parts at these temperatures may burn. 

Leaking pressurized hydraulic fluids may develop a mist or fine spray that can 

flash or explode upon contact with a source of ignition. 

HOSE FAILURE 

Hydraulic cutting relies on the supply of hydraulic fluid. This supply normally 

needs to be made at high pressure, consequently the potential exists for the 
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failure of such hoses due to internal pressure. Such failures may occur anywhere 

along the length of the hose and could be caused by the hose being caught or 

crushed in surrounding structure or by weakness induced by age or by fatigue 

due to repetitive high-low pressure cycles.  

However, the main safety hazard produced by hose failure is when the failure 

occurs at a coupling at or near the tool. Such a failure is likely to produce 'hose 

whip', the rapid movement of the unrestrained hose. This movement can be 

especially hazardous. Hoses should always be secured by a whip check in line 

with the hose and fitting where possible. The shortest restraint available should 

be used to inhibit the recoil distance of travel should the hose part whilst under 

pressure   

CUTTING/GRINDING DISCS/WHEELS 

There are particular hazards in the use of cutting and grinding disks underwater. 

Some countries require personnel who fit or operate abrasive disks to have 

completed an approved training course. This also applies to disks used 

underwater.  

Cutting discs/wheels or blades, when misused or over-strained, can shatter or 

disintegrate producing fragments which may become lodged in the diver's body, 

causing injury, or potentially even death.  

The adhesive used in bonded grinding discs tends to degrade underwater and 

the dive plan should ensure that only dry discs that have not previously been 

exposed to water are used and that only enough discs for each dive are taken 

underwater at a time. 

The following precautions should be taken when performing discs tooling: 

Ensure that the rotational speed of the cutting tool is no greater than the safe 

maximum speed stamped on the disk. 

Ensure that the correct (manufacturer recommended) type of wheel/disc is 

used for the task being performed. The wrong disc could shatter or 'grab' the 

work piece causing kickback. 

Ensure that disks have the correct arbore size and the correct centre fitting. The 

centre of the disk will be either flat or dished. 

Ensure that the correct tool is used for fixing the disk. 
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Ensure that disks are only fitted or removed with the main power supply off. 

Underwater conditions may affect the efficiency of a disk. 

DIVER INTERACTION 

There are potential risks to the diver if he has to use an unsecured hydraulic 

tool. This is a particular problem with a manually operated, un-jigged technique 

where the cutting tool is free to move around. For hand-held rotary tools (e.g. 

cut-off saw or grinder), gyroscopic effects and tool kickback may make it difficult 

to manoeuvre and operate. It is therefore important to assess how difficult a 

particular tool may be to manually operate, and therefore increase the 

likelihood of accidents occurring. Do not employ a tool that is larger, heavier or 

more powerful than is necessary, as it is much easier to control a lighter tool. 

All tools should have an automatic cut-off or dead-man switch as part of the 

handgrip. This is designed to cut off power as soon as finger pressure is 

released. It should be impossible to lock the handle in the on position and it 

should never be tied back.  

Ideally, the hydraulic power supply should be controlled from the surface. The 

diver should ask to "make it hot" only when he/she starts to use the tool and 

"make it cold" each time he/she stops using it or when he/she changes position. 

This prevents any accidental operation by the diver. 

Rotary tools should never be operated with its wheel guard removed. Serious 

injury can occur. Prior to operation it must be ensured that the wheel guard is 

secured. The guard should cover half the rotating wheel/disc and be positioned 

between the disc and the operator. Do not reverse tool rotation direction by 

changing hydraulic fluid flow direction. The tool should never be operated if 

damaged, improperly adjusted, modified or incompletely assembled.  

DAMAGE TO DIVER LIFE SUPPORT 

The subsea environment is a hazardous place at the best of times and the diver 

is totally reliant on his life support system. Damage to the life support system, 

particularly the umbilical, represents an appreciable hazard. In hydraulic cutting 

which utilises rotating or reciprocating action, there exists the potential for 

harm or damage to divers and/or their life support equipment. Care must be 

taken to avoid conditions of bad visibility and high currents. 
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Before supplying power to the diver the diving supervisor should check that the 

diver is securely positioned, that his/her umbilical is clear of any crushing, 

pinching or fouling hazards and that he/she is clear of any other wire, cables or 

downlines. A rotating tool will tend to rotate the diver, possibly with dangerous 

consequences. 

SOUND & VIBRATION 

Any form of mechanical cutting, rotary or reciprocating, will invariably generate 

noise and vibration. 

Exposure to high noise levels can cause permanent, disabling hearing loss and 

other problems, such as tinnitus (ringing, buzzing, whistling or humming in the 

ears). The diver is the best judge of underwater sound levels. If the noise sounds 

too loud, it is probably damaging his/her hearing. The noise will either be 

distracting, uncomfortable or disorientating. Excessive noise can impede 

effective diver communications with top-side. Helmets are the preferred option 

for noise and head protection to band masks. 

When using rotary or reciprocating tools, the diver can experience discomfort in 

the hands, arms, shoulders, neck or other parts of the body. Continuous and 

protracted exposure to vibrations may cause numbing, tingling, pain or 

whitening of the skin in fingers or hands, necessitating consultation with a 

physician. It is essential to use and maintain the cutting tool as per 

manufacturer's recommendations to prevent an unnecessary increase in 

vibration. 

Dive supervisors may need to reduce bottom times to manage diver exposure to 

noise and/or vibration. 

SKILL & TRAINING 

Human factors can be influential in determining diver efficiency and safety. 

Process reliability may well be dependent on the difficulty involved in the 

operation and the diver's ability. Inevitably, the better trained and more 

experience the diver the more likely he/she is to be efficient and safe under all 

conditions. An inadequately trained diver operating difficult equipment is likely 

to be unreliable and unsafe. Manual tool feeding is another area where an 

inadequately trained or inexperience diver may damage equipment by 

overfeeding.  
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Divers engaged in hydraulic cutting need to be competent in the task. 

Competency is achieved through training, knowledge and experience. Prior to 

conducting underwater cutting the diver should have received formal training. 

This may be provided ‘in house’ by the diving contractor or by an approved 

training provider. 

SUBSEA VISIBILITY 

Also the level of visibility required may affect the safety of an operation. If the 

operation requiring good visibility is carried out in poor visibility conditions, 

accidents are more likely to happen. 

SEA STATE & WEATHER 

Although the effect of bad weather at the cut site, assuming this to be at some 

depth, will probably be minimal, its effect on supply hoses and the ability of the 

DSV to continue to supply support to the diver/s may be impaired due to 

increased difficulty in station keeping. 

Equipment 
POWER SOURCE 

The power source is usually a pump or compressor whose function is to drive 

hydraulic fluid/oil in order to create pressure. Referred to as a hydraulic power 

unit (HPU) or hydraulic power pack (HPP), the pump is driven by a prime mover 

such as an electric motor or diesel engine. The HPU is designed to maintain 

pressure and flow at pre-determined adjusted capacities and flow rates. 
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Figure 103: HPP 

HOSES & CONNECTORS 

Pressure hoses and connectors are joined so pressure reaches the tools. The 

hoses and hose ends are specifically designed for their specific use and are 

pressure rated as such. Selection and maintenance of hoses and connectors is as 

critical as the tool itself. 

 

Figure 104: Hydraulic hoses and connections  

HANDHELD CUTTING TOOLS 

Hydraulic cutting tools are high-powered tools that use pressurised hydraulic 

fluid to operate. The fluid moves through hydraulic hoses at a pre-determined 

pressure and flowrate into the tool’s actuator, where the pressure stored in the 

fluid is transferred to the tool’s moving parts. Then the fluid is channeled back 

(return) to be re-pressurized.   

Tools such as hydraulic grinders with cutting discs may be used effectively to cut 

underwater. Grinding should be considered ‘hot work’ because sparks and 

friction can raise the metal temperature to the ignition point of any trapped 

flammable material. Hand-held reciprocating saws which use a reciprocating 

hacksaw blade can be used to make a cut.  
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Figure 105: Hydraulic tools  

CHAIN FEED CUTTER 

Hydraulic chain feed cutters are designed to cut tubulars. The chain feed system 

comprises a fixed drive chain that passes around the pipe to be cut and a 

machine, which incorporates a milling cutter, drive mechanism and guide rolls, 

which travels around the chain, cutting as it goes. The chain acts as a flexible 

ring gear and guides the machine accurately around the pipe. Once installed in 

position the machine may be operated and supervised by one diver. 

 

Figure 106: Hydraulic Milling cutter  

HYDRAULIC SHEAR CUTTER 
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This type of cutter consists of a steel cutting blade which is driven by a 

hydraulically actuated plunger onto a steel anvil which can be moved in and out 

to allow the enclosing of the wire, cable or chain that is to be cut. The blade and 

the anvil effectively grip and cut the material in a single operation. Upon 

completion of the cut the blade is retracted by a return spring. 

There are also shear cutters that uses a moving upper blade and fixed lower 

blade to apply shear force in a pincer motion to effect a cut. 

 

Figure 107: Hydraulic shear cutter  
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Figure 108: Hydraulic tooling set-up 

Best Practice 

RESPONSIBILITIES 

The client should provide information to assist the contractor in planning and 

preparing for an underwater cutting operation, including: 

current drawings of work site and areas specific to the cutting operation, which 

include pipeline drawings, platform plan and elevation drawings, detailed deck 

layout drawings 

a detailed Scope of Work to allow the contractor to produce work-scope 

procedures.  

Any changes to the approved procedures should be controlled by a 

Management of Change (MoC) that is approved by client and contractor 

representatives. The client’s authorised representative should participate in the 

contractor’s project risk assessments. A Permit to Work should be in place for 

control of this activity. 
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The diving contractor is responsible for  

the hazard identification and risk assessment being specific to underwater 

hydraulic cutting  

providing equipment that is suitable for the cutting operation 

site-specific procedures based on a review of all drawings and inspection 

reports 

site-specific risk assessment/Job Safety Analysis (JSA) developed for the planned 

activities 

The diving supervisor should be competent in the management of hydraulic 

cutting operations. This should include knowledge of the primary risks and their 

control measures. The diving supervisor should participate in the risk 

assessment specific to the cutting operation. 

Ensure the diver has been fully briefed and is competent in the use of the 

equipment and aware of safety procedures, hazards, and risks associated with 

the equipment. Prior to commencement of diving operations, the diver should 

be given specific work instructions. 

Should the diver encounter any physiological or musculoskeletal problems 

arising from the use of the tool, they should report it immediately to the 

supervisor. 

The deck crew should be responsible for maintaining and managing the 

hydraulic equipment during cutting operations. Any equipment damage or 

malfunctions should be reported immediately to the supervisor.  

DEPLOYMENT 

Operations and Safety Manuals for each type of hydraulic tool employed should 

be consulted to ensure proper set up and operation. Divers and supervisors 

must be familiar with safety guidelines and warnings for each tool. Use 

hydraulic equipment that is specifically designed for underwater use that is 

maintained and tested in accordance with the tool’s Operations and 

Maintenance Manual.  

Inspect discs, blades, sockets, chisels, bits, etc. used on the tool for damage and 

correct attachment to the tool. Do not install or change tool accessories while 
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the hydraulic power source is connected. Use cutting/grinding wheels/discs 

designed for use on hand-held cut-off tools. Discard cutting and grinding 

abrasive discs that have been immersed in water, regardless of whether they 

have been used or not. 

Ensure guards designed for the tool, are properly secured. All tools should never 

be operated with its guard removed or modified. Do not reverse tool rotation 

direction by changing hydraulic fluid flow direction. The tool should never be 

operated if damaged, improperly adjusted, modified or incompletely 

assembled. 

Due to the weight and stiffness of the hydraulic hoses, the subsea hoses may 

have D rings spliced at 5 metres intervals to allow the deck crew to support the 

weight of the hoses. Depending on the depth/location of the worksite, this 

could be achieved by attaching with running shackles to a down line (positioned 

midwater) or chained to a deployment tugger wire and clump weight (at the 

seabed). Sufficient working end should be available to allow the diver to reach 

the worksite, without having to disconnect from the down line/tugger wire.  

Operation of the tool can be made easier where the hose whip is of a smaller 

diameter or less heavy duty than the main hydraulic umbilical making it more 

flexible and easier to use. Any change to the diameter of the hose must not 

interfere with the performance of the tool. 
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Figure 109: Hydraulic tooling rigging  

Care should be taken top-side that the hoses are not deployed over sharp edges 

that may result in their damage. Ensure hoses are handled properly to avoid 

chafing and abrasion and fittings are in good condition and not corroded. 

Appropriate whip arrestors or holdbacks should be employed to secure any and 

all connections and couplings. 

The tool should be function tested on deck prior to deployment to the diver. 

Inspect the equipment before use and check the trigger and trigger locking 

devices, ensure the trigger operates freely, connections are secure and there 

are no leaks anywhere in the system. Do not use the tool if the wheel does not 

stop when the trigger is released. Rotary tools should be checked for correct 

rotational direction. 

OPERATIONS 

Before commencing the cut, the diver should check and confirm thoroughly the 

cut location is correct. The immediate area in the vicinity of the cut or work 

piece should be clean and be clear of obstruction and debris, especially floating 

debris that may get sucked into the rotating cutting wheel/disc causing 
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kickbacks that may result in severe cuts and injury to the diver. The diver should 

also function test the tool prior to making the cut to ensure its proper 

operation, e.g. correct tool rotation direction and torque setting. 

The hydraulic power supply should be controlled from the surface. The diver, 

only upon ready to make the cut, shall request for the hydraulic power to be 

turned on and for the hydraulic power to be switched off when not making a 

cut. This will prevent any accidental or unwanted operation of the tool by the 

diver. 

The output of the HPU should be checked and set, ensuring it matches the flow 

and pressure specifications of the cutting tool employed. Do not use the tool at 

speeds greater than its rated maximum speed or speeds greater than the 

maximum speed marked on the cutting wheel/disc. 

The diver should always be in a secure position with both hands supporting the 

cutting tool firmly. The dead-man trigger should never be tied or locked back. 

All tools are designed for two hands operation and there are handles for each 

hand. At no time should the tool be operated using only one hand for support. 

Ensure the safety catch is locked open so the tool cannot be activated when 

relocating the tool or repositioning on the worksite. The diver must ensure that 

his/her position is secure and stable before continuing with tool operations.  

In many instances, divers secure and stabilise their position through the 

employment of a hogging line, it is important that the diver is well braced on the 

hogging line before tool operation commences. There are some hydraulic tool 

tasks that could benefit from the installation of staging for the diver to operate 

from but this will be dependent on the task and size of tool in use. It is also 

important that any clip offline is weighted at the bottom to prevent the line 

being buoyant and potentially coming into contact with the tool which is being 

used. Avoid wearing any loose clothing or equipment that can get sucked into 

the working end of the tool, especially high-speed rotary tools, which creates a 

venturi effect. 

Deck crew should observe operating pressures and flow settings to ensure they 

are maintained within specifications during operation. 

Ensure communications are clear and understood between the supervisor, 

diver, tender, and the HPU operator. Communications can be impeded due to 
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the noise level of an operating tool. It may be necessary to stop using the tool to 

be able to communicate effectively with topside. 

RECOVERY & MAINTENANCE  

Prior to recovering the tool to surface, the hydraulic power supply should be 

made cold so that it is safe for travel. The tool can then be given a wash down 

with fresh water before a post-use check in accordance with the manufacture's 

recommendations is to be conducted. Generally, the tool is to be inspected for 

damages or malfunctions. 

A hydraulic tools registry and maintenance log should be maintained where all 

maintenance and inspection conducted in accordance with manufacturer's 

recommendations can be recorded and kept for reference and tracking 

purposes.  

Hydraulic Cutting Incidents 

NEAR-MISS - POTENTIAL FOR INJURY TO DIVER 

UK waters, May 2020, Seven Atlantic 

During a bell dive it was discussed that a second hydraulic hand-held grinder is 

to be set-up for use for left-handed cutting. Upon its deployment and as part of 

diver pre-operational equipment check, it was found that the grinding disc was 

rotating in the wrong direction, leading to a risk of the grinding disc lock nut 

coming off dislodging the grinding wheel, and potentially injuring the diver. The 

modified grinder was recovered to surface and quarantined.  

It must be noted that the standard/recommended practice for setting up the 

grinder for left-handed operation is for the grinder assist-handle to be re-

positioned 180 degrees from left to right side and the wheel guard re-positioned 

accordingly whilst the direction of rotation of the grinding wheel/disc should 

remain unchanged. Further clarification from the manufacturer of the grinder 

confirms that the motor used in the grinder is identical to that used in their 

impact wrench and that the reverse spool serves an obvious function on the 

wrench but serves no function on the grinder. 
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Figure 110: Hydraulic Grinder  

DIVER INJURY TO ARM FROM GRINDING TOOL 

Spanish Mediterranean, January 2015, Well Enhancer 

A 3-man dive team was deployed to carry out a work scope consisting of the 

removal of a flow line to the cooling loop spool and cooling loop (ref. Image 

001). This required the cooling loop and spool to be cut and removed. The 

diving supervisor decided on a hydraulic grinder with a cutting wheel to carry 

out this task, contrary to what was prescribed by the DWP (Dive Work Pack). 

Upon deployment of the grinder, the Diver 1 had expressed surprise as to the 

make-up of the tool and commented on the type of cutting blade installed. 

During the cutting operation the diver had determined the tool's torque to be 

too high and requested to reduce hydraulic pressure to the tool. The diving 

supervisor confirmed that pressure was reduced and the diver resumed making 

the cut. Ten seconds after, the grinder kicked off the pipe repeatedly, resulting 

in multiple lacerations to the diver's left arm, hand and wrist. The hydraulic 

power supply to the grinder was immediately shut down. 
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Dive supervisor recalled both divers back to the bell. With the IP (Injured 

Person) recovered to the bell, the bellman rendered first aid, applying field 

dressing to the lacerations. Once satisfied with the IP's status, Diver 2 was 

recovered to the bell. The bell was recovered and locked on to the system 

where further medical treatment was rendered. The dive team was 

decompressed eventually to allow for medivac. 

After studying the black box recording it was ascertained that while making the 

cut, the grinder wheel guard was not secured adequately and was vibrating 

from side to side. It eventually moved anti-clockwise (in direction of blade 

rotation) striking the top of the pipe (ref. Image 002) The tool was then seen to 

kick repeatedly off the top of the pipe injuring the diver. 

Following an investigation, it was found that: 

There was a number of deviations from the Procedure, including allowing the 

hydraulic grinder to be used rather than the prescribed and approved 

reciprocating saw c/w clamps. This deviation to use a different tool from what 

was prescribed was not identified as a change and was not captured via the 

Management of Change Procedure. The consequences of this change was not 

adequately analysed, assessed nor appreciated at the time. 

The hydraulic grinder used is a right angle grinder that can be used for grinding 

and cleaning in underwater applications, with only Grinding Wheels being listed 

as accessories within the manufacturer's instruction manual. 

The tungsten carbide tipped cutting wheel installed was not compatible for use 

with a grinding tool. 

There was only one Hydraulic Power Unit for use with the Hot Tap Equipment 

and hand tools. There was a requirement for the flowrate of the HPU to be 

reduced for use with the hand tools but this was not carried out. 

Liftbags 
Guidance on Open Parachute Type Underwater Air Lift Bags 

3. Selection of Equipment 

4. Operational Guidance for the Safe Use of Lift Bags 

The IMCA guidance document D 016 addresses the safe use of open parachute 

type underwater air lift bags used to lift or to reduce the weight of submerged 



234 
 
objects. It also addresses the operational use of open parachute type 

underwater air lift bags and the safety precautions that should be taken during 

their use. 

First published in 1993 by IMCA’s forerunner, the AODC (Association of Offshore 

Diving Contractors), this guidance document is regularly revised based on 

developments in equipment and the experiences of IMCA members, their 

clients and others that use this document.  

This guidance is intended to apply internationally, but it is recognised that some 

countries will have legislation that requires different standards or practices to 

be followed. Where local or national laws are more stringent than the advice 

contained herein, they will always take precedence over this guidance. 

The objectives of this document are to provide clear lift bag safe use guidance 

on: 

Fitness for purpose; 

Operational considerations; 

Safety precautions to be taken into consideration during their use; 

Examination and testing criteria; 

Maintenance, which should be carried out to ensure the continuing integrity of 

each bag between its periodic tests. 

 

Figure 111: Liftbags  
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Parachute Type Air Lift Bag 

Underwater air lift bags are a major piece of lifting equipment and should be 

treated as such. They differ from conventional lifting equipment in that the 

loading comes from the up thrust generated by the volume of water displaced 

when the bags are filled with air. As they cannot be over-inflated, parachute 

type lift bags will not lift loads which are significantly greater than their 

designed safe working load. The parachute type has an open bottom so when it 

is full the air spills out. 

 

Figure 112: Lift bag set up  

Air Dump Valve/Dump Line (Lanyard)  

This spring-loaded valve at the top of the bag is used for fine control of 

buoyancy and is operated by pulling a lanyard that is inside the bag and is long 

enough to protrude from the bottom opening. A dump line should be identified, 

possibly by having a ring on the lower end, to differentiate it from an inverter 

line or hold back line. 

FoS/MBF/WLL/SWL Factor of safety 
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Factor of safety values, i.e., the co-efficient of utilisation, can be found in codes 

such as Det Norske Veritas (DNV) and Lloyd’s Register and are based on the 

ratio between MBF (Minimum Breaking Force) and WLL/SWL (Working Load 

Limit/Safe Working load). 

Handling Points  

Larger capacity bags might have handling points fitted. These are NOT to be 

used for connecting hold back lines or inverter lines to. 

Inflation/Deflation Port  

An inlet with a valve for rapid release of air to deflate. Can also be used as an 

inflation point although it is often safer and simpler for it to be filled using an 

air-line lance at the opening at the bottom of the bag. 

Inverter Line Attachment Point  

This is a strong point at or near the crown of the lift bag. It is the point at which 

an inverter line must be attached to the bag. It is essential that the 

manufactured attachment point and the selected inverter line are able together 

to invert any lift bag which has broken free from its load. 

Master Link  

A master link should be used to connect the rigging from the lift bag to a single 

point attached to the load. 

Shackles  

All shackles should be safety shackles and should have the safety pin or 

moussing installed prior to using the lift bag. 

Webbing Slings  

Webbing slings are generally sewn into the bottom of the bag and are brought 

together with shackles or other suitable connectors at the master link. 
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Figure 113: Lift bag sizes  

Underwater air bag lifts are segregated into two general types – static lift and 

dynamic lift: 

STATIC LIFT 

This is where an air lift bag is secured by hold-back rigging and used as a single 

lift point, commonly known as a ‘skyhook’. The air lift bag has very positive 

buoyancy, but it is directly restrained to anchor points, therefore, the lift bag is 

fixed and the load is free to move vertically with the use of a suitably approved 

lifting device. 
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Figure 114: Static lift  

DYNAMIC LIFT 

This is where the air lift bag is used to lift the load directly, typically for the 

movement of loads between locations. The air lift bag and the load tend to be 

close to neutrally buoyant with a system of restraints in place. In such instances 

the lift bag and load are moved together. 
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Figure 115: Dynamic lift  

 

Figure 116: Dynamic lift typical  

When moving a dynamic load using lift bags it must be ensured that the load is 

restrained at all times. When using Tirfor’s, lever hoists or other mechanical 

pulling or lifting method, on each side of a lateral movement, using one side to 
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pay out and one side to pull the load, the pulling and paying out mechanisms 

should not be relied upon as hold backs in case of failure or slippage. Instead, a 

separate hold back strop or strops should be fitted and adjusted after each 

movement of the load if necessary. 

  

 

Figure 117: Dynamic lift typical arrangement subsea  

Typical Dynamic lift arrangement showing a taut wire secured at each end 

allowing a load to travel whilst still restrained. 

 

Figure 118: Dynamic lift typical arrangement subsea with restraints  

 

HOLD-BACK RIGGING 
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Hold-back rigging shall be attached between the load and a DMA or to a suitable 

fixed point. The hold-back rigging should be kept as short as practicable and be 

arranged in such a way as to resist a snatch load caused by a rapidly ascending 

load and to stop an uncontrolled ascent. Hold-back rigging should not be 

attached to other adjacent subsea equipment or structures which could 

themselves be damaged or cause a hazard in the event of a failure of the lift bag 

operation. 

Hold back rigging should not be connected to the lift bag master link unless an 

engineering assessment has shown that the DMA, or strong point, is sufficient 

to hold back the total maximum up thrust of the lift bag. It should also be noted 

that this method will compromise the correct action of an inverter line should 

the attachment between the lift bag and the load fail. 

For long loads such as spool pieces that might be capable of holding back the up 

thrust of an air lift bag, there could be considerable vertical movement at one 

end only. Therefore, the holdback lines should be connected to the load and not 

the lift bag master link. 

Hold-back rigging may only be omitted where a task specific risk assessment 

demonstrates that uncontrolled movement (ascent or descent) of the load 

cannot occur. For example, where the up thrust of the lift bag is known to be 

considerably less than the in-water weight of the load for instance where air lift 

bags are used to reduce the in-water weight of a load but not entirely overcome 

it, such as when a lift bag is used to help move the end of a heavy wire or to 

support a section of pipeline prior to placing a grout bag support. 

The precise nature and arrangement of suitable hold-back rigging will be 

dependent on the type of lift being carried out. Several hold back lines will be 

needed at least at each end of long dimension loads such as spool pieces.  

Full details should be set out in the approved lift plans prepared by a competent 

person for lifting. 
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Figure 119: Lift bag arrangements 

INVERTER LINE 

The inverter line should be attached between the dedicated attachment point 

at the top of the lift bag and the load. This line should be long enough so as not 

to interfere with the fully inflated lift bag. Its purpose is to invert and thus 

empty the bag if it becomes detached from the load being lifted. 

 

Figure 120: Lift bag inverter  
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INFLATION 

The recommended method of filling underwater air lift bags is by using a 

suitable airline connected on deck to a surface compressor or compressed air 

source. The subsea end of the air-line is placed under the opening at the bottom 

of the bag and the air supply controlled by a quarter turn valve on the subsea 

hose end. 

Air-line hoses can be very buoyant and should be restrained at depth allowing 

for a working tail of approximately 10 metres. A lance fitted to the end of the 

air-line filling hose will help to minimise diver contact with the rigging between 

the bag and the load. It should be noted that when using or securing the air 

lance, it is never attached to the parachute rigging on the bag. The nozzle of any 

lance should have anti-suction diffusion holes as hoses are normally vented and 

flooded from the surface prior to recovery. 

When using multiple lift bags to raise or support a load such as a spool piece, 

flexible pipeline or control umbilical, consideration during planning should be 

given to the inflation sequence and extent of fill to ensure the load remains 

balanced and buoyancy is controlled. 

  

 

Figure 121: Lift bag inflation 



244 
 
In the example shown in Figure 9, the inverter lines are secured to the load and 

the holdback rigging is secured to suitable fixed points (DMAs). In this 

configuration any lift bag rigging failure would result in the load and bag being 

grounded. Any uncontrolled ascent of the lift bags and load would be restrained 

by the hold-back lines. 

It is advisable to fit hold-back rigging at either end of the spool. If there is 

sufficient strength in existing hold-back lines, they do not need to be fitted to 

every DMA. 

Positional/alignment devices, such as Tirfor’s and lever hoists, are not suitable 

for use as a hold-back. 

It may be prudent to include a suitable factor of safety as part of the lift 

planning process when calculating the necessary in-water weight of the DMAs 

and load (spool) combined. 

Divers should never position themselves directly beneath loads that have been 

raised by lift bags or any other lifting equipment, nor should they position 

themselves above an inflated air lift bag. Alignment lines and Tirfor’s are often 

used during dynamic lifting operations to move lift bags and loads into the 

required positions. This minimises the need for divers to approach lift bag 

suspended loads closely. 

Strict controls should be in place to ensure that lift bags are not inflated or 

deflated until both divers and the bellman, have been informed and are aware 

of each other’s location and that their Umbilicals are clear of the work area. The 

supervisor should never give the order to inflate or deflate the bags until all 

divers are ready. 

The procedures involving air lift bags should reflect the number of divers 

working on the task. 

The air lift bags, and the load should be monitored during inflation and 

movement of load. 

Inverter lines should be checked and shortened as required, where necessary, 

only during initial inflation. 

Prior to inflating the lift bag with air, it is necessary to inform the bridge because 

a vessel on the surface, and any DP systems, can be adversely affected by large 

volumes of air that may escape during the inflation. 
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DEFLATION 

Prior to the venting of air from underwater air lift bags, check the prevailing 

current direction to avoid any contamination of the bell atmosphere with air 

released from lift bags. It is also necessary to inform the bridge because a vessel 

on the surface, and any DP systems, can be adversely affected by large volumes 

of air released from lift bags subsea. 

The deflation of the lift bag should be done in a controlled manner using the 

dump line or deflation valve. Upon completion of deflation, invert the lift bag 

from its crown so as to ensure that the bag is fully flooded and contains no air. 

An ROV can be used to open the quarter turn deflation valve on the top of the 

lift bag, if fitted, to speed up the deflation of bags. Be aware that this presents 

risks to the ROV and can be uncontrolled. 

DUMP VALVE  

The dump valve should be fitted with a lanyard long enough to enable it to be 

operated by the diver at a safe location away from the lift bag and load. The 

dump line should be easily identifiable and distinguishable from any other 

nearby line. 

Premature deflation of lift bags and the unplanned settlement of loads may be 

caused by a lift bag or a dump valve leaking over a period of time, e.g., when lift 

bags are used to support pipelines for lengthy periods. Lift bags should be 

regularly monitored for leaks during use. 

Premature deflation can also occur if the dump valve is opened in error. To 

prevent this, dump lines should be kept clear of any snagging hazards 

throughout the course of air bag lifting operations. 

  

ROV USE IN AIR LIFT BAG OPERATIONS  

An ROV can assist in monitoring the lift bag operations if available. They can 

check the air lift bag(s) whilst they are being filled to ensure they are not 

snagging on surrounding or overhead obstructions. 

The use of an ROV can help to monitor dump valves as in some cases the top of 

a lift bag may be above a diver’s excursion limit. 
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An ROV can be used to open the quarter turn deflation valve on the top of the 

lift bag, if fitted, to speed up the deflation of bags. 

The contents of this book are taken from publications online so may be seen on 

websites like IMCA, ADOC, HSE.IOGP 

 

 


