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Example 1: Surface orientated dive total noise dose calculation 

Table 5.2 provides an estimation of the noise dose during a dive to 40 m, including 
the use of an underwater tool [source data from 63]. The noise data included 
represent levels inside the diver’s helmet. The overall noise dose is 83 dB, and 
exceeds the CoNaWR05 lower exposure action values. 

 

Table 5.2: Noise dose for a dive to 40 m (UBA: Underwater Breathing Apparatus). 
Source data from reference [63]. 

 

83 dB 
dBdB 
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Example 2: Saturation dive total noise dose estimation 

For saturation diving, the total exposure includes noise exposure encountered 
during compression, decompression and while in the living habitat as well as during 
diving [64]. The total noise dose was estimated to be 88.4 dB(A) re. 20 µPa for a 
typical two-week tour of duty for a North Sea diver, and comprised exposure arising 
from representative sources as indicated in Table 5.3. Again the noise dose 
exceeds the lower and upper exposure action values of the CoNaWR05. However, 
it is also considerably greater than the levels in the NORSOK U-100 standard and 
the proposed continuous exposure level of 73 dB(A) re. 20 µPa (Para 5.1.5). 

 
Table 5.3: Noise dose for a typical North Sea diver’s saturation dive [64] 

 
Example 3: Total noise dose over a 12 h working day 

The total noise exposure for a conceptual working day lasting 12 h is shown in 
Table 5.4. A 1.5 h fast transit is included along with two 2 h dives separated by a 4 
h surface interval. The total exposure for the day is 89 dB(A), and so the upper 
exposure action value of 85 dB(A) and limit value of 87 dB(A) are exceeded.  

 

Task/activity Noise Level 
LAeq dB(A) 

Exposure duration 
(h) 

Dose 
Lep,d (dB(A) 

for task 
Onshore travel 70 0.5 58 
Fast transit 90 1.5 83 
Dressing 80 0.25 65 
Dive 1 89 2 83 
Surface interval (4 h) 80 4 77 
Dive 2 89 2 83 
Fast transit 90 1.5 83 
Onshore travel 70 0.5 58 

 
Duration of working day: 12 h 15 min 

 
Daily noise exposure 

(Lep,d): 
89 dB(A) 

 
Table 5.4: Noise dose for a conceptual 12 h working day 
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Example 4: noise dose attributable to helmet noise  

In order to comply with the requirements of the CoNaWR05, and if time of exposure 
is the only control measure implemented, many current diving helmets place severe 
restrictions on permissible dive durations, particularly when the physical workload is 
high and with appreciable use of communications. For example, the Dirty Harry 
helmet, the quietest tested by Evans et al. [5], produced acceptable noise when 
breathing rates were normal (78.7 dB(A) re. 20 µPa); high ventilation rates 
increased the noise output to 93.4 dB, and use of communications produced a 
further increase to 105.8 dB, requiring time limitations to be considered for these 
activities. A dive lasting one hour comprising more than approximately 15 minutes 
of high physical workload and 3 minutes of communication time would exceed the 
permissible daily noise dose.  

 
5.3 Summary 

Permissible noise exposure values are given by the CoNaWR05, and should be 
applied to divers in hyperbaric environments and when diving with a ‘dry’ ear’. 

The noise hazard associated with hyperbaric and mixed gas diving can be 
determined by applying the CoNaWR05 with no adjustment. It is proposed that this 
principle be formally adopted for assessment of hyperbaric and mixed gas noise 
exposure. 

For divers with a ‘wet’ ear, a correction may be applied to estimate the permissible 
noise dose. It is proposed that the method suggested by Parvin et al. [13], using an 
UW-weighting scale, be formally adopted for assessment of underwater noise 
exposure. 

Divers with a wet ear wearing diving hoods are protected by the sound-absorptive 
properties of neoprene (approximately 5-15 dB at the surface, reducing with depth), 
and this further reduces their noise exposure. 

For continuous hyperbaric exposure (e.g. saturation divers) the normalized, 
average daily and weekly noise dose values of the CoNaWR05 need to be 
appropriately applied to a full 168 hour week.  It is proposed for saturation exposure 
that a maximum average noise level of 73 dB(A) re. 20 µPa is applied.  

Noise doses from various types of diving equipment (helmets, underwater tools) 
and environments (on boat deck, inside compression chambers) have the potential 
to exceed the permissible values required by the CoNaWR05 by a substantial 
amount.  

Compliance with CoNaWR05 requires calculation of a divers’ total daily or weekly 
dose, i.e. taking into account all activities above and below water. This may be 
undertaken using HSE calculation tools presented in Appendix A. 
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6 Control of noise exposure 
 

6.1 Responsibilities arising from the CoNaWR05 
 

6.1.1 Diver hearing 

The evidence available from diver audiological studies suggests that diver hearing 
is impaired by exposure to factors associated with diving (12 out of the 15 studies 
identified). It is, therefore, appropriate, and as a requirement of CNRW05, that 
control measures are implemented to reduce divers’ noise exposure and thereby 
reduce the risk of long term hearing deficit. 

6.1.2 CoNaWR05 noise exposure 

It has been shown that many aspects of the diving environment and equipment 
used, subject the diver to a noise dose that exceeds those defined by the 
CoNaWR05. The circumstances under which a diver is likely to be exposed to high 
noise levels have also been identified.  

Once it has been established that a noise hazard exists, manufacturers and 
employers have a joint responsibility to reduce noise, so that divers are not exposed 
to a noise dose above the exposure values. In reducing the noise levels employers 
are required to demonstrate that the risk of noise hazard is ALARP and complies 
with the requirements of CoNaWR05. 

6.1.3 Manufacturers’ responsibilities 

Designers and manufacturers of equipment are responsible for ensuring that noise 
levels are as low as can be reasonably achieved technically. This is embodied 
within UK law in that The SM(S)R92 requires that “Machinery must be so designed 
and constructed that risks resulting from the emission of airborne noise are reduced 
to the lowest level taking account of technical progress and the availability of means 
of reducing noise, in particular at source.” 

Manufacturers are also required to supply technical data specifying the noise output 
level of equipment, and the noise exposure characteristics (frequency spectra). 
Supporting data on the method of measurement used, including calibration 
certificates, is required. This data is essential for the assessment of total noise dose 
for diving operations. 

Diving breathing apparatus is defined as personal protective equipment (PPE) and 
as such does not fall under the SM(S)R92. However, the European Norm for 
umbilical supplied diving apparatus BS EN 15333 parts 1 and 2, requires a 
manufacturer to identify the noise levels within diving helmets and provide the 
information to the user. 

Thus the requirement to determine and supply data on noise levels applies to the 
provision of equipment for all aspects of diving operations including surface 
machinery (e.g. compressors), diving apparatus (e.g. diving helmets), diver tools 
and hyperbaric facilities (e.g. compression chambers). 
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6.1.4 Employers’ responsibilities 

Employers are responsible for ensuring that divers and all other employees are not 
exposed to noise that exceeds the values identified in the CoNaWR05.  

Employers are also required to determine the level of noise that divers are exposed 
to and the duration of the exposure. The assessment must take into account all 
relevant factors including relevant working practices, and equipment, plant and 
other sources of noise not directly related to the diver’s immediate task. 

As part of this, there is a link with the manufacturers of equipment in that, 
employers have a responsibility under CoNaWR05 to include consideration of the 
choice of appropriate work equipment emitting the least possible noise: 

http://www.hse.gov.uk/noise/goodpractice/lownoisemachines.htm. 

If assessment indicates that the exposure values are likely to be exceeded, 
employers are responsible for eliminating or reducing noise at source to ALARP. If 
this is impractical, hearing protection must be provided. 

 
6.2 Guidance for reducing diver noise exposure 

6.2.1 Principle of noise control 

An outcome of this review has been to highlight that the risk to divers’ hearing is not 
simply due to the act of diving and using underwater breathing apparatus. The 
hazards are multi-faceted and embrace all aspects of a diver’s working life and 
environment.  Thus the solution and control principles invoked must also be multi-
faceted. 

There are three fundamental approaches to reducing noise exposure: 
• elimination or reduction of noise at source 
• reduction of environmental noise at the ear 
• wearing hearing protection. 

These are hierarchical with the control of noise at source being the optimum 
solution, and using hearing protection the least desirable. 

However, diving and particularly commercial diving, where underwater engineering 
is undertaken, by its nature is a hazardous process. Noise is but one hazard of 
many that a diver faces. A balanced risk assessment must be applied to the whole 
operation, as fully mitigating against one risk may exacerbate the risk from another. 

A significant example outlined in this review is the balance between the reduction in 
noise dose from a diver having a ‘wet’ ear compared to a ‘dry’ ear, and the physical 
head protection offered by a ‘dry’ helmet diving system compared to a wet SCUBA 
or band-mask system.  

Whilst the ideal scenario is to both reduce noise dose to be fully compliant with 
CoNaWR05 and to provide full physical head protection; it is not achievable with 
equipment that is currently available in the diving industry. However, it should be a 
prime objective to achieve such. It is also not possible here to identify the balance 
between these two risks as it is highly dependent upon the nature of the task being 
undertaken. Thus the current principle for noise control must be a balanced risk 
assessment considering all factors linked with longer term action to reduce all risks 
including noise exposure. 
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6.2.2 Control of noise at source 

The control of noise at source entails eliminating or reducing the noise output for 
each item of equipment that contributes to the noise dose. Self-generated breathing 
noise, dive site noise, tool noise and decompression chamber noise can each be 
addressed to reduce the total noise dose that divers receive. 

Self-generated breathing noise and helmet noise 

A significant contribution to a diver’s noise exposure arises from diving helmet noise 
and specifically from exhaust bubbles generated during exhalation. Reducing or 
eliminating this source is likely to substantially reduce self-generated breathing 
noise. Diving breathing apparatus manufacturers, by addressing the noise from 
exhaust bubbles during exhalation (e.g. by eliminating exhaust bubbles or by 
moving exhaust bubbles away from the helmet), may be able to design helmets that 
have an appreciably reduced self-generated noise levels.  

It has been recognized that audio communications are a major contributor to a 
diver’s noise dose. As communications require a sound level in the order of 15 dB 
greater than the background, any reduction in internal helmet noise will have a 
proportional reduction in the noise dose from communications.  

Dive site noise 

Reduction of diving site noise produced by compressors, power generators and 
other equipment on a dive site, via engineering solutions is a viable approach to 
reducing total diver noise exposure. The principles of noise reduction are relatively 
well-established for these sources, and include: 

• fitting exhaust mufflers on internal combustion engines  
• fitting silencers to compressed air exhausts  
• isolating (using rubber mounts and flexible connections) a vibrating noise 

source to separate it from the surface on which it is mounted  
• fixing damping materials (such as rubber) or stiffening materials to panels 

to reduce their tendency to vibrate  
• building enclosures or sound proof covers around noise sources  
• fitting sound absorbing materials to hard reflective surfaces to reduce 

noise. 

An additional approach is to provide ‘quiet’ areas on work and dive sites where 
divers may be protected from ambient noise during periods when they are not 
involved in a diving operation. 

Tool noise 

Many of the above engineering solutions may also be applicable to the reduction of 
tool noise, such as fitting exhaust mufflers and silencers. As with diving helmets, 
any pneumatically driven tool that is exhausting bubbles will be emitting a high 
noise level. Using tools that are hydraulically rather than pneumatically driven will 
reduce noise levels, as will moving exhaust bubbles away from the diver. The duty 
cycle of the tool may also be adjusted during use, as this would reduce the average 
noise exposure of the operator. 

Compression chamber noise 

A substantial amount of the noise during pressurisation arises from turbulence 
arising from high pressure gas merging with still air. Commercial silencers are 
available to reduce this noise [63] and are reported to achieve noise attenuation of 
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around 10 dB at low frequencies rising to 20 dB at high frequencies. A further 
method to reduce noise inside chambers is to fit acoustic cladding to reflective 
surfaces. Chamber isolation to reduce the mechanical coupling of the steel 
structure of the chamber to the supporting surface is a further tried and tested 
method of reducing noise. 

6.2.3 Reduction of environmental noise at the ear  

Helmet soundproofing 

Helmet noise may be further reduced by incorporating acoustic insulation in and 
around the diving helmet shell to provide soundproofing. This approach is currently 
being investigated by some manufacturers and may significantly reduce noise 
levels at the diver’s ear.  

Noise attenuation of diving hoods 

Neoprene diving hoods either stand alone or as part of a band-mask provide 
protection by attenuating noise levels at the divers’ ear [45] [54] [60] [65], and 
reduce noise intensities  by approximately 5-15 dB depending on the thickness of 
the neoprene. As the thickness of the neoprene is reduced with depth the 
attenuation decreases with increasing depth. 

As discussed previously divers with a ‘wet’ ear and diving hood have some 
protection from noise hazards due to the reduced sensitivity of the ear underwater, 
as well as noise protection by their diving hood, but may not have adequate 
physical head protection. However, also as previously indicated, this may not be a 
realistic single noise control option. Helmets are often preferred for many diving 
tasks as they provide physical head protection. 

Active noise reduction (ANR) 

ANR can be used in communications system earpieces to reduce the background 
noise transmitted by diver communication systems, in order to reduce overall noise 
levels generated during use of communications. This method has been successfully 
implemented to improve the intelligibility and noise reduction of aircrew 
communications headsets [66] [67]. ANR inside diving helmets to reduce 
environmental noise has been suggested to avoid the need for earplugs, an 
approach that has also been adopted in prototype helmet-integrated ANR systems 
for aircrew [68]. The application of ANR within vehicle cabins could also be applied 
to diving environments and transport to reduce diver noise exposure.  

6.2.4 Reducing time of exposure to noise 

When all practical measures have been undertaken to reduce the source of the 
noise, noise exposure may be controlled by administrative means such as limiting 
the time of exposure.  

This principle may also be applied to voice communications limiting the 
communication with the diver. However, as communications are an essential safety 
and work function requirement, this is not a viable option. 

Given the existing noise exposure levels and consequently the reduced allowable 
exposure (dive) times, this would also not be a practical approach because the work 
(dive) time would be too short. However, should noise levels be better controlled at 
source then this may become a more viable option in some circumstances. 
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6.2.5 Hearing protection 

Hearing protection should only be considered when all other noise control 
measures have been unable to reduce noise to an acceptable exposure. If when all 
other control measures have been applied the noise dose still exceeds 
85 dB(A) re. 20 µPa then the CoNaWR05 mandates the use of hearing protection. If 
the noise level is between 80 and 85 dB(A) re. 20 µPa employers are required by 
the CoNaWR05 to inform any persons exposed to these levels and make hearing 
protection available on request. 

Although ‘earmuff’ type hearing protectors are routinely used throughout industry, 
they are only suitable for use on surface on a diving site, or in compression 
chambers if they have been drilled (a small nominally 2 - 3 mm diameter hole in the 
centre of the earmuff shell). Drilling the earmuff allows gas to freely move between 
the inside and outside of the earmuff preventing any pressure differential and the 
associated risk of barotrauma. 

Conventional earmuff hearing protectors cannot be used within current diving 
helmets as they simply will not fit within the space available. During the helmet 
noise trial conducted by Evans et al. [5], earplug hearing protection was 
successfully used and worn within diving helmets; the system also allowed viable 
audio communication. The ‘Emtec’ hearing protectors used provided attenuation 
ranging from 13.9 dB at 63 Hz to 41.1 dB at 4 kHz (Figures 6.2 and 6.3).  
 

 
 

Figure 6.2: Emtec earplug hearing protectors fitted to a cutaway anatomical model 
and human ear 
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Figure 6.3:  Attenuation offered by Emtec earplug hearing protectors 

Hagglin et al. [69] estimated similar attenuation (up to 40 dB between 500-3000 Hz) 
and highlighted difficulties with obtaining good attenuation at low frequencies. 
Murphy and Tubbs [70] and Du et al. [71] has suggested the use of double hearing 
protection, comprising earplugs and earmuffs, reporting that the combination added 
15-20 dB of noise attenuation. 

It is also understood that some commercial diving companies are now using 
pressure equalizing ear-plugs that include communications to reduce a diver’s noise 
dose.  

The characteristics of ear protection other than sound attenuation are an important 
consideration. Hagglin et al. [69] summarised some of these features as follows:  

• earmuffs provide stable and reliable damping, and can be used when there 
is a risk of ear infection. They are, however, uncomfortable to wear for long 
periods, as they need to be close-fitting to provide hearing protection. 

• earplugs, incorporating ventilated ducts for use by divers, are inexpensive 
and comfortable and can be used with both hoods and helmets. They 
cannot be used when there is a risk of ear infection and are easily 
contaminated with ear wax. 

 
6.3 Health surveillance programme for noise exposure 

As part of the CoNaWR05, if a risk assessment indicates there is a risk to the health 
of an employee who is exposed to noise, the employer shall ensure that such 
employees are placed under suitable health surveillance. Given the potentially high 
levels of noise that divers are exposed to, management of noise exposure risk for 
divers should include establishing a comprehensive health surveillance programme. 
This involves the following [4]: 

• providing regular hearing checks in controlled conditions;  
• telling employees about the results of their hearing checks;  
• keeping health records;  
• ensuring divers are examined by a doctor where hearing damage is 

identified.  
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6.4 Summary 

Manufacturers and employers have a joint responsibility to reduce noise so that 
divers are not exposed to intensities above the exposure values defined by the 
CoNaWR05. 

Manufacturers of diving equipment are responsible for ensuring that noise levels of 
diving equipment are as low as can be achieved technically, and to provide data on 
the noise produced by their systems. 

Employers are responsible for ensuring that divers are not exposed to a noise dose 
that exceeds the exposure values, and for implementing noise reduction strategies 
to limit exposure where it is found to exceed allowable values. 

A diver noise reduction strategy should employ the following hierarchy: 
• Eliminate or reduce noise at source, e.g. by redesigning the equipment 

generating noise. 
• Provide noise attenuation at the divers head/ear, e.g. by noise insulating 

materials or ANR 
• Restrict the exposure time of the diver to the noise. 
• Provide hearing protection e.g. appropriate ear-plugs or ear-muffs 

A health surveillance programme involving audiometric tests for divers should be 
established as part of the management of noise exposure risk. 
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7 Conclusions 
Audiometric studies (12 of 15 identified) indicate that diver hearing is impaired by 
exposure to factors associated with diving.  

Several studies also suggest that divers’ hearing deteriorates faster than non-divers 
i.e. increased age-related deficit. 

Hearing sensitivity in hyperbaric environments and gases other than air is similar to 
hearing in air at normobaric pressure; human hearing underwater (i.e. with water in 
contact with the head and filling the auditory canal) is less sensitive than in air. 

The noise hazard associated with hyperbaric and mixed gas diving, whilst the ear is 
dry, may be calculated using the A-weighted scale and the exposure levels in the 
CoNaWR05 applied without modification.  

An UW weighting scale, as used in this review, should be formally adopted for 
assessment of underwater noise exposure where the ear is wet (i.e. with water 
filling the auditory canal).  

For continuous noise exposure, an average noise level of 73 dB(A) re. 20 µPa will 
provide a noise dose at the lower exposure action value of the CoNaWR05. 

Divers are routinely exposed to a range of noise sources of sufficiently high 
intensity to cause auditory damage; i.e. dive site noise, self-generated breathing 
noise, underwater tool noise and compression chamber noise. 

Self-generated breathing noise and communications are major contributors to 
divers’ noise exposure when wearing diving helmets. 

Current noise control measures for divers are inadequate and additional control 
measures are required to reduce the noise hazard to within occupational exposure 
values. 

Compliance with CoNaWR05 requires calculation of a divers’ total daily or weekly 
dose taking into account all activities above and below water. 

As noise is only one hazard to a diver, a balanced risk assessment must be applied 
to the whole diving operation; fully mitigating against one risk may exacerbate 
others. 

Manufacturers of diving equipment and employers of divers have a joint 
responsibility to ensure compliance with SM(S)R 92 and the exposure values in 
CoNaWR05. 

Manufacturers should supply technical data specifying the noise output level of their 
equipment. 

A diver noise reduction strategy should employ the following hierarchy: 
• Eliminate or reduce noise at source, e.g. by redesigning the equipment 

generating noise; 
• Provide noise attenuation at the diver’s head/ear, e.g. by noise insulating 

materials or ANR; 
• Restrict the exposure time of the diver to the noise. 
• Provide hearing protection e.g. appropriate ear-plugs or ear-muffs; 

A health surveillance programme involving audiometric tests for divers should be 
established as part of the management of noise exposure risk. 
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A Noise exposure calculator 

A.1 Tool for estimating noise exposure (developed by HSE, 2007) 

 



 

 
 

A.2 Daily noise exposure calculator (developed by HSE, 2007) 

Available at the following link: http://www.hse.gov.uk/noise/calculator.htm 
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Divers are exposed to high levels of noise from a 
variety of sources both above and below water. The 
noise exposure should comply with ‘The Control of 
Noise at Work Regulations 2005’ (CoNaWR05). A 
detailed review of diver noise exposure is presented 
encompassing diver hearing, noise sources, 
exposure levels and control measures. Divers are 
routinely exposed to a range of noise sources of 
sufficiently high intensity to cause auditory damage 
and audiometric studies indicate that diver hearing 
is impaired by exposure to factors associated with 
diving. Human hearing underwater, in cases where 
the diver’s ear is wet, is less sensitive than in air 
and should be assessed using an underwater-
weighting scale. Manufacturers of diving equipment 
and employers of divers have a joint responsibility 
to ensure compliance with the exposure values in 
the CoNaWR05, although noise is only one hazard 
to a diver, and a balanced risk assessment must 
be applied to the whole diving operation. A diver 
noise reduction strategy is proposed and a health 
surveillance programme, involving audiometric tests 
for divers, should be established.

This report and the work it describes were funded 
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contents, including any opinions and/or conclusions 
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