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2 Background
21" - Differential pressme’ hazards in diving

e _Drfferentla] pressure also known as ‘Delta P, ‘heavy water’ or suctron occurs |
. . where water moves from an area of high pressure-to one of low pressure. The flow

-

,gef;r;ﬁif;_ff_émay be-the result-of-the-movement-of -water -under-its- own-weight or an active -
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' localised about a boundary between ihe high pressure and the low pressure areas,
> e.g.atan opemng in a barrier between the two areas or the intake point of a pump,

' any diver encroaohmg on the flow from the high pressure (or upstream) side may °

. 'be trapped .or injured. by it. Divers drawn into iummg ducted thrusters or open :

Co propuisors inevitably suffer traumatic i mjunes

: "-:The review did not include large scale mass movements of water such as in nvers
“ " or tidal currents. While these are undoubtedly due to a-pressure differential their

N 'f:scale makes them a much more miultlve and observabfe hazard and thus not a
o prtorlty for this review. - : .

Lo The review charaotenzed four types of drfferentlal pressure hazard

1 ‘When water levels between adjommg areas vary (e g. at dams and oanafs or
L : .. tidal locks, see Figure 2,1); . . . .
/ BRI 2, When water is juxtaposed agamst gaseous vords at !ower pressure than the
e ‘water pressure (e.g. at submafine. pipelines and other underwater structures
- with hollow components and also around shrps see Figure 2, 2); -

'3 When water is mechamoally drawn through intakes {e.g. at coollng water
- intakes for power sta’uons or at sea chests on ships, see Figure 2.3):

4 When water is mechamcally drawn iowards propu[sors or other types of
~thrusters on ships {e.g. see Figure 23).

: -rncrdents causéd by open propuisors undoubtediy occur and are almost mvanabiy :
- fatal. However, the ‘mechanism of .injury ‘is significantly different and does not’
.. involve being trapped or injured by the differential pressure pes se, rather it is a.
“traumatic mechanical injury caused directly by the propulsor. In addition, incidents

A ‘ 3-; ; _' -of-this type are frequently caused by a propuisor being aclivated when a diver is
©0 Ll working on or ciose to ity in- these cases drfferentral préssure .is not necessanly
mvoived ” _

'This review has mcluded example open propulsor incidents, but due to the

“conceplually. somewhat different : character of this type of hazard, has not
. characterised them directly as differential pressure hazards. Nonetheless, the
. hazard is real and. in need of robust control measures. The approach for risk
- assessing and controlling this hazaid is, in pnncrpfe the same as for the other
' dlfferentlai pressure hazards, referred to.

e Inc;dents that do occur are unlrkely to be due to the hazard being unknown or its
" -_seriousness being underestlmated rather they will aimost aiways be due to a failure
_ .of control measures : .
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| R Differential F’resstjre o
-« - Danger Zone (DPDZ)

X Frgure 2, 3 Srmpirfrad drfferenfral pressure hazard types 3 (sea chest/mtake) 4
5 (bow thrUSter) and open propufsor ' _ _ _

L

Dn‘ferentlat pressure is a latent hazard ie. it presents no. nsk when no water is
_ﬂowmg from the area of hlgh pressure to the area of low pressure. But once

. nitiated, the force generated by such a’ hazard can be considerable and easily -
- sufficient to draw divers onto an opening, m;urlng them, damaglng therr eqmpment
S and hotdlng them there mdeﬂnltety ; _

The forces: can prevent rescuers from pultmg the- Vthlm away from the opemng and

may also trap or injure those attempting to provide assistance.

Differential pressure flows can start snstantaneously and are typrca!ly undetectabte

_* " by the diver when at a safe distance. - ,
i They oceur in a wide venety of structures, enwronments and water depths and thus :

represent an msrdlous anct perssstent threat to diver safety

| Ratlonate and alms ofthe rewew N

L tn sptte of a greater appremat[on and emphasrs on hazard |dent|frcatlon and formal

risk assessment ‘divers . continue to. bhe mvolved in incidents -with differential

o pressure as a primary cause of injury and fatality. It was considered that a wide
_ ranging survey throughout the diving industry may be able to identify common
.causes and contributory factors 1o differential pressure accrdents leading to,"

rmproved advice and reductlons in acc1dents '

o The alms of this rewew were thus

e - toidentify incidents of dlfferentlat pressure hazards and injury in various -
.. diving communities (mcludmg recreatlonalisport commercraflmdustrlal
military and public service divers), .

to establish where possible, root causes of incidents; -
° ¢ to identify commonaltties (if any) between incidents;

. to identify examptes of best practice or- technolegy in the management .
of differential pressure hazards and; o :
"« ' to provide guidance for the diving industry on the reduction of risk and
" renewed emphasis and guidance on safe workmg pract[ces, when
‘ drvmg close to Iocallsed pressure gradtents ' _

el
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. Differential Préssure
.. Danger Zone (DPDZ)

2 2

Frgure 2 3 Stmpltfred drfferenfral pressure hazard types 3 (sea chest/mfeke) 4
(bow thruster) and open propuisor s :

L

anferentlat pressure is’a latent hazard ie. lt presents no nsk when no water. is
ﬂowmg from-the area. of ‘high pressure to the area of low pressure. But once
injtiated, the force generated by such a hazard can be considerable and easily *
suﬁlcnent to draw divers onto an opening, m;urmg them, damagmg thelr eqmpmen’;

and hoidmg them there mdefmitely

The forces can prevent rescuers from pulimg the v1ci|m away from the openmg and

o - may atso trap or mJure those attempting to prowde assustance

thferentral pressure flows can start mstantaneous!y and are typtcatly undetectab!e
by the diver, when at a safe distance. . S :

They occurin a wide vanety of structures enwronments and Water depths and thus

R _ represent an msrdtous and perszstent threat to daver safety

Ratlonate and atms of the reVIew SRR S

. In sp:te of a greater apprecnatson and’ emphas:s on hazard identification and formal
_' -risk: assessment -divers contmue fo be .involved in incidents with differential
pressure .as a primary cause of i injury and fatality. It was considered that a wide

rangmg survey thraughout the dtvmg industry may be.able to identify common
.causes and contributory factors to d]fferent:ai pressure  accidents, leading to
lmproved advuce and reductlons in: acctdents : B

The aims of thts rewew were thus:. _ - :
S o 1dent:fy incidents of dlfferentlat pressure hazerds and injury in various
-+ diving communities {including recreattonal/sport commercialfindustrial,
military and public service divers);

o . '_"to establish, where possible, root causes of mczdents
Coe o identify commone!ttles (lfany) between incidents;

Ce -to identify examples of best practuce or technology |n the management '
v 0. ofdifferential pressure hazards and; .
. .. to provide guidance for the diving mdustry on the reduction of risk and
- renewed emphasis ‘and guidarice on safe: workmg practtces When
: _dr\nng close to loca!tsed pressure gfadlents : iy




o ]nctdent data analySiS '

“iln order to -identify - trends . in dlfferenhai pressure accudents particular diving

. communities most at risk, high risk operations or procedures, incident data were

- categorised for analysis. The categories used, along with a brief explanation of

3 reach, are shown at Annex C. The potential for bias in the assigning of incidents to a
o category and assumptions made during the process are also discussed at Annex C.

" The mcrdent reports themselves are hsted separately in Annex D.

“Thée solirces for the incident_reports are referenced.in_Seclion. 11 _Lhe same

Y !i§ i”ﬁfﬁght H:-‘[)UE[-‘:: T He ANNeEX U ldD!eb dFtU

N zulcm‘nbc TRTHTeT 15 0TSt
" _the reference Jist. ThES number | is used throughout the main {ext where a particular

'mctdent h;gh!lghts a specmc point and is shown in the, fol[owmg format e.g. {-78].

The numbers of | |nc1dents fa!llng into” part;cuiar categories e.g. geographical
Tocation, fatahtylinjury/near miss are shown graphically in Annex E. The main points . -

"~ ‘that are highlighted by the graphical analysis and the mmdeni descrfptlons are

o 'dlscussed in: the subsequeni section (Section 4). - .

EERLE ,As it was not possnble o determ:ne the - overall. amount of dlvmg in the data
,coilect:on arcas the reports collated can in no way estimate the ‘rate” of differential
- pressure “injury: Within a COEEeCHOﬂ group and the . data are presented in a
. -._comparatwe onlyformat SR o o :

jOther informaf'on L

: '_The revrew exammed over 2() sources of mformat:on and advice on differential

. . pressure hazards. QlnetiQ ‘was also contacted by and interviewed, several working

* .- divers from a variety of fields, to discuss their experiences of differential pressufe
: ::hazards examples of best practice and the successful management of hazards.

" /Contersations are referenced by date; however, in accordance with the QinetiQ
*.information requesi aIFOWIng anonymous submlssmn of data, individuals are not-

| ~ identified.

- .";When found examples of extant ad\nce and mformatlon avaliabte to the dwmg ‘
commumty were summansed and referenced in the repor! : '
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Ciassrﬂcatlon and structure .

;-..-'Ot the four types of drfterentiat pressure hazard classified and shown in Sectlon 2,
+ incidents Involved ‘evels’ (Type 1) in 41 % of cases, ‘intakes’ (Type 3) 29 %, ‘voids’
. (Type 2) 22 %, and ‘thrusters (Type 4) in 5 % of cases’(Figure E.2). -

" The classes of hazard roughly associate with. the structures on which diving toak

_place. Voids are associated with ships and pipelines, intakes with water extraction -

s for various forms of plant, especially power generation,. differences in water level

= _nrewgenerated bya-diverse-group-of- structures but mest typrceiiy -dams.-{f-a

'uﬂruuuﬁ—n S REPLCTEE R (Illlﬁ%i? ot L )
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" up -the “largest single percentage of . structures dlved upon during dtfferenttal

3 pressure accidents (26 %) (Figure E.3). However, the term ‘dany’ embraces a huge

_ _varrety of structures differrng in size by several orders of magnitude and it would be
-'unwarranted to 1dentrfy it individually as an especially dangerous struciure, '

: A more fundamental conclusion would be that the review has success{utly gathered o
-a wide variety of incidents representative of diverse diving envnronments and that -

_drfferenttal pressure hazards can be found in att of them :

-

The effect of mcreasmg depth 5

U Drfferentrat pressure forces are often propcrttonal to depth {e:g. Types 1 2 and 3)
.~ This has an effect upon injury mechanism. (dlscussed below) and it might be
- expected for fatalities to increase with greater depth. Also, as {when recorded) the
_depths of inland diving incidents were predominantly no greater than 10 m, while

offshore diving incidents predominantly occurred at depths greater than 10 m

" "(Figure E.4), a similar assocraticn between offshore dwmg and-increased fatalities
R mrght be antrcrpated \ _
However while -the potentrat dlfferentlat pressure forces generated during deeper

diving (>10 my are $0 much greater the fact that the forces generated at relatively
 shallow depths are sufficient to result in fatalities explains why there is no

o _.“.assocratlon between depth and fatality. and.why no particular field of diving suffers

425

o _dasproportronately from fatalrtres durlng acctdents 1nvolwng differential pressure.

- “Examination of the fimited number of rncrdents where the depth was recorded
e shows that fatalities ‘have occurred in as little as 3 m- of water [I-16], [I- 36], [1-40].
-7 Further, reports record fatalities in.very shallow structures such as ponds, swimming
: * pools ‘and. water_tanks (Figure E.5). incidents invoiving energised pumps could

-oceur at any depth. of water, with the pump itseif providing additional suction force.

However in depths as shallow as 3.5 m, divers have been killed, suffering primary

A T‘event trauma durlng mcrdents invotvmg onty the ‘potential energy of the water {I-32].

: tnjury mechan;sm

: .anary event ! trauma (defined in_ Annex C) was the most common injury..
... mechanism occurring._in_49._ % of the . recorded incidents. . This was followed by. -

-entrapment and drowning in 22 % of casés. 18 % of the incidents were near misses

involving no injury to the diver, with the remammg 11 % of the incidents involving -
rescue trauma/hypothermia or unknown injuries (see Figure E-8). At depths greater
than 10 "'m primary event trauma predominates as the mechanism of injury

. (Figure E.7}. In these cases there would be no or very irmtted opportunities for
" rescuers to render assrstance 8] the dlver




' Fseid of operatron

- The burk of the reported mmdents’(og %) were from the field of intand commercial
~ diving, with smaller contributions from offshore (11 %), inshore (9 %) recreational

- (6.%) and search and rescue (6 %) fields of diving (Figure E.9). As itis not feasible

- to determine the overall amotint of diving within each community it is not possible to
- suggest that inland diving is intrinsically more dangerous than other areas of diving,

- however, s repeated inclusion would indicate the infand diving:- community to be
" especially at ‘rigk._from drfferentlal pressure hazards. Analysis of the field of

: -nnerahnn _ durm .

,nhr H:lfﬂlrﬂi,gf"ﬂ\,,chnm;p,,,ﬁrr\ﬂrn b r-g%
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= distootioras et orarincenE: murcarlng tarno e suners oaspropoﬁlonately
o from faiailiies during drfferentral pressure accrdents :

<

Use of communrcatrons

E

“n thewa;orriy of mcrdents the presence or absence of commumcatlon mechanisms
-~ with the surface was not explicitly stated in the report (Figure E.11 ) '

In: ihree reports the absence of audio commumcatrons was mentroned as a
- contributory factor in the incident,: ‘suggesting that had audio communication with
the divers been avariabie the ouicome may have been different [i -05), [1-17], [1 -28].

on a further three incidents, whlfe it is unclear if the dlvers were using audio
. communications, | there - may have been an opportunity for the divers to

o 'iccmmumcate therr predlcameni to ihe suwrface and mitlate a rescue qI-15], [i- 19]

[1-38].

R AS the benefrt of audro commumcatrons to the diver depends upon the ability of j

rescuers to respond to a call for assistance and rapidiy' equalize ‘the differential -
‘pressure to release them, they are cn[y hkeiy to be useful dunng a smaH number of

_ _enirapment type mc;denis _ 3 : : :
:,There are a limited number of entrapmen! mcldents where this appears to have
“been an available course of actron although itis frequently very drff cult to establish

L th:s from the reports. . : L

- Addltleﬂaily, of the tctal number of 66 drfferentraE pressure rncrdents col!ected the
" injury ‘mechanism in .32 was classified as. primary evenl trauma where no

opportumty would - have existed -for rescuers to render assistance fo the dNer

i regardless of the presence or\absence of audio commumcations

: _:Whrle i isclear that should an rncrdent oceur, audio communication with the surface ‘
- .would -be beneficial,’ the nature of différential pressure hazards is such that the
: opportumty Or ability of rescuers at the surface {o render assrstance is often limited. -

' " Audio communication with the diver should .therefore be considered as ‘best
~ practice’ but should not be considered or rmplememed as a drrect control measture:

o for drfferenhal pressure hazards.

429 L

} *;...AS_ .SJJ_I_[ament...iype mcr._denis_;maj result”in .the total immobilisation .of . the. diver
.- [1-55],-communication with the surface should be able to be made without recourse
" to movement by the diver i.e. Voice Operated Transmrssron (VOX) rather than

E -push -to- taik audro commun;cations

4

.'lncrdent source -

o As-a substantrat number of incidents were gathered from open source press
- reporting (45%) (Figure E.12), there was a concern that this might introduce a bias

- towards fatalities.over injury and near miss reporis, as it could be expected for open -
source recordmg to concentrate on the more sensatronal' mcrdents However

1




whreh an rncrdent occurred but does not indicate that it was the onty fariure in rrsk
T controt to have occurred dunng the ihctdent ' :

T 432 : .: Detectlon ofdrfferehtlal pressure hazards by dlvers

Reports from drvers and mcrdents mdlcate that at hrgh differential pressures, flows
“are audible [2] ¢r can be felt as vibrations through structures [3], and in good
wsmlhty a vortex may be seen [4]. The operatton of pumps may also be assocrated

W|th addrtiona] mechanrcal noise and wbratron

wl 433 ‘ Escape fotlowmg entrapment

' and the localisation of. sound sources by. divers is poor there is no mdrcatron that
drfferentlal pressure hazards can reilably be delected by a drver

'; - Dwers rn the us reported usmg a mop {5} or a rag [6]-held at arms length to provide
an.early waming device of differential pressure hazards, when searching for cracks
in the face of a dam, Given the difficulty in equalizing the pressure differential in
such environments, and that entrapment on such structures typically results in the
divers death thls approach seems unhecessarrty reckless [I- 13} {I 44] [I 46} ' :

Analysrs of the rnmdents prowded includmg near misses, indlcates that typrcalty
‘once_encountered it is virtually. !fnpossrble for a diver to drsentangle themsetves__
from a drfferentral pressure hazard L . o

B From the mmdents studied there were’ only three instances of escape fotlowmg an
encounter wrth a differentral pressure hazard which had not been equahsed

T :' ,e': a rnmor soft tlssue mjury where the dn‘ferentrat pressure hazard was of a
T e _very small area fi- 50} ' e - .
R . “a near mrss where the drver reqmred assrstance from a standby d:ver to free
R .'-.__;h|msetf froma hazard with a smali area (- 58} ' :

| _;.o a. near miss Where the dr\rer requrred assrstance from three colleagues to
 free hrmselffrom a.pump inlet [i 54] : :

The amount of foree a dlver coutd generate and. appiy in attemptmg o get freg from

‘entrapment at a differential pressure hazard is highly variable, being dependent on v

the diver's bodily posrtron and suitable surroundmg structures to push agamst

C “Under- such circumstances attemptmg to predict a ‘safe’ differential pressure frorm’
: - ‘which a drver cou}d free themsel\res becomes essentratly rmpossabte '

’

434 . Assrstance from standbylrescue drvers

Cf the hazard has not been neutralrsed standby divers and rescuers: {even when
forewarned that an incident has occurred) can be as vulnerable as the diver, and on

: _several _occasions.-have been injured or becomé trapped-on the same hazard as the - -

“diver, leadmg to further fatairtres [I- 11] [I 14} Ji- 30] i 36}

.-'._.f:

- _";4.3'.5 Asststance frorn buddy drvers

Slmrtarly, three incidents involve multiple fatalities and give no indication that pairs
- of divers were abte o offer assrstance to each other during an incident {I 15}, {I- 28}

- 38}



Dwers can be assrsted in workmg safeiy by actively . partrcrpatmg in the risk
.;-assessment process and- by the provision of all necessary information and . -

-:'_mstructlons prior to commencing the dive. However, these precautions will be
. irrelevant if-divers and dive crews afe not permitted to take heed of the hazards

s 1dentn‘“ed and a]lowed to work at a surtable and, safe pace

'_Summary'_(jf resul't's and,a’nalys'is o

s Audlo communrcatton was mdicated as beneﬁcral in some cases

' -':Eiustrate the, hazard of open propulsors a further 12 example propulsor mcrdents

= . .are |ncruded . L ]
.",_These were drawn from a drverse range of dlvmg communmes worldwide. They.

i -encompassed a penod of over 100 years and continue to affect divers today.

i “The majority. of the reports were from the US and UK and it was found that itis .
o _predommant!y workmg divers whe are affeeted by dlfferentlai pressure hazards.

; :_f'!ntand drvrng was haghly represented although the study |dentrfred rncrdents
e _throughout the commercral dwnng envrronment ' S ;

: '- -.The revrew found that davers were typrcaliy unable to detect drfferentraE pressure
- hazards in the water and once encouniered it was very difficuit for dlvers to escape

'-:fromthem R R L, . s

P Encounters with drfferentral preSsure hazards were frequentiy fatal (even in shallow -
L 'water) and ’rhere was often no opportunity for lnterventron by rescuers. L

A No effective technrque other than the equahzatron of the drfferentrat pressure was

‘_ ~/ identified for freeing a diver from a hazard. The involvement of. buddy or standby
... divers or attempts by rescuers at the surface to use force to free a diver, prior to the
N equahsat:on of pressure frequent]y resu[ted in further | lnjunes or fatalities. '

5 j'_The review found contradlctory ewdence regarding the awareness of drfferenttai

. “pressure hazards in diving communities and identified that in some cases d;vers '

were competfed to work in env;ronments whrch they knew to be unsafe

4



532 '_Princ'ipié's'of diving” _:_Z- S

> ”in the sources consulted the most common . occurrence’ of any mentton of
- differential- pressire hazards is in risk and hazard assessment sections, although
- they are not often grouped together ¢ as a sihgle overall c]ass of hazard. .

' This type of advice was most notable by its absence. Of all of the sources"
consulted, none covered differential pressure hazards ina general way as part ofa.
e ___-_sectlon on dwmg prmmples theory or hazards. : ’
_ .~ There was some discussion of a general nature in paris of the “Professional Dlver 5
RO _Handbook” [11], but these were contained w1thm sub-sections on operatlonal safety
_forspec:ﬂcenwronments ' _ . _ .
, E%‘hdﬂéﬂe sEageneralprincipls =GB HE =P e aiaiEed
oo withinTan educatlonal video produced by the Assoc;aiion of Dlvmg Contractors
e Intetnational (ADC-1) [33], but this is specrf:c fo the differential pressure hazard,
: BN - rather than bemg pert of an overall course on diving theory,

RS o o A more general educational discussion of differential pressure as an ldentlfled class
O . of hazard may exist in training syf!abuses that were not accessed for this report. .
SR '. A generai dISCUSSEOI’] of -the principles and methods for quannfymg d;fferentlal
S i pressure hazards is contalned |n the followmg Sect[on 6.
533 : :;RISK and hazard assessment

s Most recenf manuals that contain sections on the principles of risk assessment, and

. “almost all of the ACOPs, :dentefy particular examples of differential pressure hazard

U as examples of hazards in‘general. The examples given depend as expected on
.o ithe, re]evant f;etd that the ACOP or manual covers.

Hyt 'For exampfe the HSE Sc:en’nfic and Archaeoioglcal ACOP [19} does not lsst any
. differential pressure hazards in the sections on ‘Clients and others’ or ‘Diving
+-'project plan and-risk assessment’,. whereas the HSE Commercial diving projects
- inlandfinshore” ACOP | [22] lists ‘ioc.‘ks weirs, water intakes or discharge points
o 'causmg suction .or . turbulence, and ship propefiers “in paragraph 27 (d} on the
R -'__ﬂresponstblhiles of clients and others and covers ‘Water flow, intakes and
. “discharges’,” ‘Underwater currents’, ‘Drwng near remoteiy operated vehicle (ROV)
' “operations’ and ‘Diving from vessels’ in paragraphs 49, 52, 53 and 59 of the section
' -'._'oh Diwng prcuect pian and risk assessment.

. Hazards of Type 1 ‘LeVefs Type 3 ‘Intakes’ and Type 4 Thrusters are. reasonabiy
~well covered. However, Type 2 ‘Gaseous voids’, is less well covered and. the only .
" code of practice which spemﬂcal[y addresses thrs type of hazard is the International
~ Marine Contractors Association (IMCA) publlcation D 014 [25] in paragraph 7.3.27.
" There is also a brief mention of ‘under pressure in IMCA D 006 vamg operaf.rons

- : m the: wcmfiy of p:peimes [34].

Goee-Some:- other ‘specific ‘hazards: are’ covered in depth by some pubhcat[ons but not
: .—drscussed in others for exampie the ADC-I Consensus Standarde [28] contains a
. whole section on dlvmg in potable water tanks, which is not covered elsewhere.
-.-Another example concerns’ air lifts. Whilst these are referred fo in: many instances
-and recognised  as  potentially hazardous due to their buoyancy only the
- “Professional Diver's Handbook” [11] recogmees the hazard due to the suction .

. generated. _ _
" Of the ACOP/standards dype of documents consulted, the ‘Consensus Standards’
- produced by the ADC-] [28] is the only decument that groups all of these hazards'
_together asan zdenhﬂed class of Differentla! pressure’. : ,
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~The-UK Police drwng manuai {6} a!so has*a'"comprehensrve sectron on-diving-in

Tre -'Dosks and harbours

S Wetrs and locks _
_ . -Sptltways reservorrs and dams
R Outfalls e
e "_Atrltﬂs and dredges

e Unmanned submers;btes

536 =S]:)eorfic adwce

54

e e Il k‘ﬁ%\ nnrégn =

- General pnncrptes of ‘best practice’ risk assessment and hazard control as d@pplied-

to differential. pressure will be further discussed in section 7; however, instances of

- “advice of a ‘numetrical or very specrfrc nature from the documents consulted are
'llsted below . , .

DP vessets [ D _. ,
- drver umbllrcat should be at Ieast 5m shorter than the distance to
"+ the .nearest thruster. (or “other hazard stuch as mtakes or
- proputsors) [ 5} :
‘— . the standby’s umbtllcal shoutd be 2 m tonger than the diver's
G * umbilical E15] ' :
o b We;rs and locks — diving should not be permltted when there is’ an.
s -opening at the bottom of a vertical lift gate greater than about 2cm[11]
. Dams and reservoirs - never go head first into an openmg fess than
.o 42inches (1,06 m) in diameter [14] '
L Alrlifts and dredges — extra care must be taken at. depths greeter than
L 10 m [11] o
e -Operattons should not be conducted in currents greater than 1 knot
Lo (0.5m sy (28] : : . .
e "_-_'Umbthcats and lifelines: . . :
;L S shall have a minimum break strength of the hose assembly,
L ~including termmatlng hardware of 1000 lbs (454 kg) [28} '
. = breaking sfrain not less than 480 kg [16]
. Ships:
.- "Diving within 50 ft {15.24 m) of an active sea suction (on the same

o ;. side of the keel) maintaining a suction of 50 gpm (189 | mrn Yor
. . moreis notauthorESed [14] -

R Divers are not to: approaoh within 15 m of main inleis unless the
;-.-ain cirgulators are running at or below the safe speed laid down
in the Shlp s book [15] {16]

-y

Summary B

' Horn the above exammat;on of available advzce it is clear that, in recent hterature at
least, the existence of most, if not_all, differential pressure hazards are widely

' _ _acknowtedéed and promulgated.
. Relevant codes of practice generally indicate the likely presence of such hazards in

their field of application, although without claiming to be fully comprehensive, hence
sltghtly different ttsts of hazards are covered by, for examp!e HSE, IMCA and ADC-

(A T I



5 6' Understandlng and quanhfying the hazard
) 6’! : '.General

N Thi\‘/‘: section “contains some generat discussion of the nature and scale of the -
iy T : dlfferennat pressure hazard and some methods for quant:iymg the hazard

R ‘The force due to the dlfferenhai pressure across a hazard can be caEculated using
he formu[a shown be!ow in Flgure 61 - - e
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‘Basic fprmu_!a_ | )
B o Force PressurexArea

B The example beEow caiculates the force acting - on an object blockmg a03m
drameter pipe c_onneqtm_g two bodies of water with a difference in level of 3.5 m.

PR

1 |3.5mlevel
difference (D) -

| F =D x density x A

d Where

R ___—Force (kgf) ST ' (kgfis kilogramnﬁe_force) |

. D . = Difference in level (m) RERE \ :
-'densnty . =1026 kg -m™ for sea water 7 |
Cor =1000 kg - oy for fresh water :

A '_ : = Area (m (1T X (dlZ) (approx 0. 79 X d x d) where dis dlameter in m)

4

Force = 3’”53&7 1025 % x (0. 3/2)2 = 254 kgf

- _Frgure 6.1: Force due to drﬁerentrai pressure calculatron - : St

' Note To esltmaie the force due to differential pressure acress an openjng Ento a gaseous void substitute D with the
depth of the void pelow the water surface, For a pump intake subsiitute D*with the depth of the intake befow the

vater surface. (lncrease the depths further {up to 10 m)if the gas in the vold Is at’a pressurp below atmpspharic
pressure or lhe pump is capable of generatmg negallve pressures below atmospheﬂc prassure.

o ;Look~up tables are provided .in ‘Annex F (Tables F.1 and F.2), showing the -
. differential pressure force generated at a variety of depths of water over a range of

- areas derived from common pupe dlameters and areas of openmgs mentroned in
mcrdent reporis - L L . -



o Exammatton of Tables F.1 and F.2 shows that even relatlvely modest depths of -
- water can generate considerable forces. For example at a depth of as little as 0.5 m
_the differential pressure force generated over an area of ~700 cm® {the area. of a . -
-30 cm diameter pipe which the torso of an adutt could cover).ts over 35 Kg.’

As - mentloned in 4.3.3 entrapment risks from even small forces may be

" compounded by factors such as the immobilisation of limbs and the application of

. even this much force to the torso may have the capacity to impair ventilation and

. disrupt blood flow.” Current advice from the Home office [38] indicates that the

__applicatior ofany-pressure-to the- chest; back- or-torso-is-to-be-avoided:

S o g1edtet ueptnb e 16TCes generqgled across even Very small areas

would be oapable of c:ausmg injury [i- 50] 21

L Whtte a common sense approach woutd indicate that differential pressure harzards
““of very small area or in very shallow depths of water (which generate forces of no -
."'._more than -a few kilograms) have a limited capacity to injure or trap a diver, it
- becomes apparent that there is essenttatly no diving environment or depth of water

Lo which divers can easily discount the risks of entrapment or m}ury posed by
o d;fferentlat pressure. See also 4.2.4 and 4.2.5. : : -

o Further research mcludlng experrmentat mvestrgat:on lnto the physrca] effects of

differential pressure may be warranted. and provide a better understend:ng of the -

E _ ;dangers posed by dlfferentlal pressure hazards

lncrease m water veloc1ty as a hazard is approached

o ]The reasons why divers seem unable to detect and avoid dtfferenttal pressure

hazards can be exptained by. considering the way in which water enlers a hazard.
- ‘The-velocity profile Of a. hazard is»such that at the periphery the diver may approaeh
o thhout any perceptible mcrease in water flow velocity.

o -.'-_Figure 6.2 ‘shows the water veioc;ty at rncreasmg distances: from a hypothetical
- differential pressure hazard. A diver approachmg the hazard moving from point ato
..~ point b, would be uniikely to perceive the small increase in flow velocity; movmg an
. +equal distance closer from point b to ¢ the diver would experience a large increase
"1 -in flow velocily and, as a result, fikely to be drawn: onto the hazard. It-is thus very
. difficult - for “divers to perceive or approdch acttve d:fferentlal pressure hazards'

B ::_ without beoommg entangied with them

<,
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':_.ngure 6 2: Hypothetlcal water velocrty prof.rie approechmg a d:fferentlai pressure

hazard

- Current mdustry gutde}mes suggest divers can safely operate in water currents up
. to0.5 m 5 [35] [37]. The area around a hazard where water is moving faster than

0.5 m's™ should not be entered by the diver. Any minimum exclusion zohe should

" seek to maintain the diver in water currents no faster than 0.5 m-s™ and the

tendency for velocities to increase rapidly with movement towards a hazard

" warrants an extenswe safety margln to thfs zone,

64t

_';'. Estlmatlon;of the .mmlmum-DPDZ_around a hazard :

= Computer modell:ng

: The DPDZ about a known hazard can be calcuiated by a number of methods. An
example of computer modelllng (using the CFX5 software package produced by
" ANSYS Inc.) of simple intakes e.g. a pipe opening onto’ a flat wall is shown in

Figure 6 3. It shows a roughly hemispherical area of water flow at a -velocity of _-

0.5 m-s" around a circular inlet (0.3 m diameter). Increasing distance from the back

.ﬁ\‘
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" wallis indicaled by the. transition from blue to red (0.0 to 1.5 m), with biue lines -
Endica'ting the flow path of water at lower velocity. -
Water vefomty increases as it approaches the intake point with peak flows dlreclly in

.. - front of the intake point. This ‘capture area’ {that is water moving at a velocity of..
~0.5m s ) thus forms aroughly hemlsphencai shape around the intake point.

| A dsver worklng out3|de of this area would experience flow velocities below.
0.5 m:s™. However, without attention to his position the diver would continue to drift

"+owards the inlet-Some-incidents mdxcate that-in-low-visibility-it may-be impossible

35 S §§FW1\1 l]%ﬁ[ LI %J [ i W ) W A9 A |

Flgure 6.3 Computer modeﬂrng (CFX5 ANSYS Inc ) of ﬂow ve!oc:ty around a
crrcularmtake R A ; - '

Comp[ex computer modellmg of. thls type wouid obwously not be suitable as a

~-technique for the estimation of a DPDZ. ‘However, an acoeptable estimation of the
‘s:ze of the hemisphere of water with a flow vetocﬁy of 0 5 m's” around an intake

- can be made once the fiow of Water is known. .

6.4.2 o Cafculation of water ﬂow through.an openxng

[

The calculatlon of a DPDZ flrst requ:res an esﬁmatlon of the water flow through the
hazard. Flow will be. dependent on the area of the boundary between high and fow .
pressures the depih (and densnty) of the water and friction effects dur:ng water

. o transit, v T . e Tl

However, an accepiabie es’umatlon of the flow rate through a nons -powered
differential pressure hazard can be calculated usmg the formula shown ih

B -Flgure 6.4.
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1

:" wall is ;ndfcated by the transltron from blue to red {0.0 to 1 .5 m) with blue lines
' mdloating the flow paih ofwater at lower velocity. .

‘Water veIocxty increases as it approaches the intake pomt w;th peak ﬂows directly in
front of-the intake point. This ‘capture areg’ (that is water moving at a velocity of

0. 5ms f) thus forms a roughly hemlsphenca] shape around the intake point.

A dlver workmg outside  of thls area would exper:ence -flow velocities below
0.5 ms™. However, without attention to his position, the diver would continue to drift

towards the :nfet Some motdents mdioate that in !ow visibility it may be |mposs;ble_

fﬁl‘fn rfnro' 7y = . ) NN A ) 7 EEESESY

LAl L3 Fl ot It ')g‘l
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L
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o c:rcuiar mfake

Flgure 6.3 Compufer modellmg (CFX5 ANSYS inc. } of ﬂow veioc;ty around a -

o

3 Compiex computer modeilmg of thls type would obvzously not be su;table as a
-, .~ technigue for the estiration of a DPDZ However, an acceptable estimation of the
-~ size of the-hemisphere of water with a flow velocity of O 5 ms™ around an mtake- _

' can be made once the ﬂow of water is known. - : :

A Calculatron of water ﬂow through an opening

'_'The"caicuiation of a DPDZ first requires an estimation of the water flow througﬁ the

hazard. Flow will be dependent on the area of the boundary between high and low

- pressures, the depth {and. dens;ty) of the water and fnctlon effects durmg water
transit. . - TN o _ o

" However,” an “acceptable "ésfimation ofﬁemﬂowfétethroogh a non-powered

- differential pressure- hazard can he- caiculated usmg the formu!a shown in-

-Flgure64 L S A : -
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i 6.4.3 .'f"'_ft"CaEcuIatlon of ihe mm:mum dzstance from the hazard for a waier veioc&ty‘
'_-of05ms co . ‘

SRS Havmg calcu!ated ihe flow through an. opemng usmg the formula in Figure 6.4, or
Sl 0 using e known pump: capacity, the stand-off distance or DPDZ can now be
3 o R .ic:alculated usmg 1he approxnmate formula in Flgure 6.5.. ‘

Dlstance \f (Fiow rate / 1T)

"_The exampie below calculates the distance from an intake, of lhe hemlsphere of

| _j':water w;th a ﬂow veiomty of 0. 5 m-s A for a ﬂow rate of 06m.s’ -

.. 06 "m3.15-1 E

~n.b, Notto scale

Where ST B
R -"Dlstance from intake (m)

Q= Fiow rate (or pump capacnty) (m® . )

D:stance = x! (0 6/3 14) = o a4 m

) _’Figi:re"fi.ﬁ_.'_fi"adiq_s' of a DPDZ around an intake with a wal_‘_er velocity of 0.5 m -5
- : 26



0

.' 643 _'-'A‘:Calculatlon of the mmlmum d;stanc:e from the: hazard for a waler velocniy
e m05ms : : :

s Havmg calculated the ﬂow through an openmg using- the formula in Figure 6. 4 .or
.- using. @ known. pump_ capacity, the stand-off distance or DPDZ can nhow be
L calculated usmg the apprommate formula in Fzgure 8. 5 L :

IR P|

e R Dlstance \/ (Flow rate / TT)
"{; R _' 1 The example below calculates the dlstance from an lntake of the hemlsphere of
' '.water with a flow velocnty of O 5 m-s” 5 for a ﬂow rate of O 6 m-s™ '

B a.b.‘Nat to _s_qalé i

.Where :
‘R = Dlstance from mtake (m)

Q. .=,.F_iow rate_(or_pu_mp cap_acliy) (mii_s-l) _

EE _-D;gta_nce x \'_/_.(0.'6/'3..14) 2044m

ng_-ure 6.5 Radias of a DPDZ around an intake with a water.velocity of 0.5 m st

26
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ff Basrc formula R
Flow rate (resmcted) = Area x Maxrmum water ﬂow velocrty

‘_The example shown consrders a pump operetlng at 0.6 m*s™ Assessment by
.IMCA document AODC 055 [35] indicates the need for a protectrve structure with

f—an uree -of-3: 3 m?; however S|te constraints-mean-the_largest_protective_structure

i _:Where

- ‘Recommended -
protectwe structure

~-Actual protectrve
“ structure

06m35'

nb Not to scale

| Fo ‘-—-___(A - g+ Ag) X 0.5

__-'F(,)_. = Restnoted flow rate of the pump (m 5 1)
1A = Total area of the protective structure (m?).
b Ad = Area presented by 2 dlvers and their equrpment (assumed tobe2m?) -
I Area of the ma’senal formrr)g the protectlve siruoture (for this illustration

assumedtobeO_‘Im)- : N

'_:Restnctedﬂow (27 20 01)x05 03m s

re the pump must be run at half capacrty

PR

'Figure 6. 6: Mo’diﬁcaﬁon‘of pump capacity w:‘th existing external guard |

: ,'Note D;vers shou[d not operate in the vicinity of protect:ve structuree presentlng an area of

. “less than 2.0 m? plus the area of the material forming the protective structure due to the
capacrry for the divers to completely occlude the intakse.

-~
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| 'Basrc formula EAA PP
Ftow rate (,estr,ded) s Area X Mammum water ﬂow vetomty

The exampte shown con3|ders a pump operatmg at 0.6 m*s’ Assessmerit by
. IMCA document AODC 055 [35} indicates the need for a protectrve structure with
‘an area of 3.3 m?, however ‘site constraints ‘mean the targest protecttve structure

-that can be buntt is 2 2 7 m :

Reoom_mertded -
- protective structure

‘Actual protective
“structure

_ b Nottoscale .~

FG) = .(A_- Ag As) X 0.5

~-Where _ _
' E(,, = Restncted flow rate of the pump (m sy

A : = Total area of the protective structure (m? “

Ad i Area presented hy 2 drvers and their equrpment (assumed to be2m?)
As = Area of the material forming the protective structure (for thrs iHustration

— assumed to be 0.1 m )

Restrlctedﬂow (27 20 01)x05 03m

" ".r 0. the pump must be run at half capacny

f

: : Figure 6 6 Modfﬂcat;on of pump capacity Wfth exrstmg extemel guard

= "--Note Dwers should not operate in the vicinity of protective structures presenting an area of
- less than 2.0 m? plus the area of the material forming the protectrve structure due to the
'capac;ty for the divers to completely occlude the mtake

4
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T2 o Mah'agexﬁ'ent ef d.ifferehti_al pressure_hazards and contro} hierarchy

| 721 . "-j'-Hrerarchy of risk contro!

The preferred mechamsm for the conlro] of. risk is in a hreraroh!cai manner as
shown in Figure 7.1.. : : .

 (Information & Training for Competence)

;{"' L._J_'s'_en_Perseﬁ\_al ;F-’?‘re.t_e_etiye' _Cljo{hririg & Edui_prrient

- Figure 7.1: Hierarchical risk control principles

4

722 '!':E!im'Fnati'enlav_eidance of the differehtia! ﬁres_sure hazard - .

LA

B G_iven"the d_ifﬁculfies divers face, detecting and 'escaping from differential pressure
~ hazards, the default position shosld always be to avoid or eliminate the hazard prior |
to drvmg This embraces best practice recommended by the ADC. -~ L

- The approach should seek to neutralise the hazard This may be achleved by

technlques such as: _
Cle divmg on the downstream side of the hazard ar .

o ﬂoodmg to equahse water Ievels or fill any vord

A[ternately the diver may be substltuted by using:
~¢.aremotely operated vehicle (ROVY; or

o - performmg the_pperation remotely from the surface.



. ?;i .. '-_'Marja'gemenfOf.differe-nti-aI:'pressure hazards and control hierarchy_
X 721 Tl _Hrerarchy of risk control

. "'_'.'.'The preferred mechanlsm for the contro} of I’lSk is.in a hrerarchrcal manner as
shown-in Frgure 7. 1. :

' '_'Control measures should be lmplemented from the top down and onlv when a

.

v

o "_..'Lj.se._éé_r'sarjai' Protect ive Cfothrng & Equ pmert |

"'__Ff'gura _7.'1',.' 'Hr‘erarchicai risk cdr_rfro_] prr'nt:iplés o
722 'V_.":'-'Ehmmatron/avordance of the drfferentrak pressure hazard T T

. Given the drfﬂcu!tres d:vers face detectmg and escapmg from drfferentra! pressure
- ‘hazards, the default position should always be to avoid or ellmmate the hazard prior
R (o} dwtng This embraces best practice recommended by the ADG! ’

"~ The- approach should seek to neutralrse the hazard “This~ may be achfeved by
techmques suchas:. - : D
' e diving on trre downstreamsrde of the hazard or

. ﬂoodmg to equal:se water levels or fill any vord

Alternatafy the drver may be subsirtuted by . usmg,
‘ e .' a remotely operated vehiclé (ROV); or
e performmg the operatron remotely from the surface.
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(3) Shoufd it be necessary to dive for prolonged perrods adjacent to or oh -
“-the main inlels, the main circulators. should, whenever possible, be stopped
and the mam miet and drscharge vaEves shut. * -

Dlvers may be protected from hazards that cannot be neutralized by the provrsron
- of guards and screens. An assessment of the provision of sereens and guards may
‘be made in. accordance with IMCA document AQODC 055 [35], paying particular *
attenhon 1o the area and mesh size of any guard, an awareness of the effect of
-~ . partial ‘occlusion- on’ flow velocity and the - necessily of. control of the umbilical,
—r—rlanyards elc by the- diverfxrstmg guardsand SCreens-on- mtakes may be- present to

protecting the drver {I 26] [I B1].

Where there is an’ absolute necessrty for: drvers to operate in the vrcmrty of guarded

- intakes and-an a&sessment indicates that existing screens and guards allow the °
L ;generatron of water velocities. above 0.5 M- s there is a- potential to reduce the
.- speed of the pump-to_reduce water ‘velocity at the ‘intake screen. However, :this
~. calculation. should be used with:caution, considering the uncertainties associated
© with it and that the potential. consequences of miscalculating could- be injury or
v ;entrapment of the drver [i 26] [I 52] - 61] See Frgure 6.6. for calcuiatron of the -

'”reduced pump speed o _ R . N

L7250 _-._'Preventrng the formataon ofa DPDZ -
S As dlfferentral pressure isa Eatent hazard the bPDZ may be prevented from forming
" by the use of robust Iock off |so|at|on procedures to rsofate va!ves pumps intakes
2 “Loand propuisors _ L e el e : '
e 1 o Any lock-off rsolatron procedure shou!d be rmplemented as part of a detailed
i - Aprocedural) safe system of work. This may be incorporated into a formal permit-to-
. work/permit-to-dive - system. Various incidents have been caused- by failures of
et isolation’ procedures forvaiues and intakes [I 03] [l 15] [E 27} [1-34], {I- 37 [l~42}, il-
S A : : . B
At its srmplest a Iook—off lsoEatron procedure shoutd rdentrfy pertment controfs and
e __'-valves with tags. Pictorial representation may be more effective than text, especially
Coin workrng environments ‘with ‘muitiple languages, but physical barriers to the -
.-opefanon of ‘valves and intake _controls are preferable. Techniques inclide the -
.- locking-of valves-and controls with padlocks, the keys to which are held by, the dive |
<. supervisor or'diver. The isolation of the power supply rdther than controis can guard
e _agarnst the remote or automatic activation of pumps [I-42].

Polrce drvers w_or_kmg in siiuatron_s where mta_ke_s and valves may be opened .
.. -deliberately in an: ‘attempt to’ sabotage operations reported using techniques such
. as posting a guard on the. brrdge or engine roor, and confrscatrng fuses from

. _-,control panels to prevent the operairon of pumps and intakes.

o - As with procedures to equalrse drfferentra! pressure the effect:veness of the control ‘
=.___measure_should .be. assessed .prior to the diver entering the” water—Where-this
’ ﬁprccedure cannot. be performed from the downstream or low pressure side of a
Z hazard a pre- dwe inspection by ROV may even be requrred {f 12], [I- 19}, {1-28].

" When closed vaives represent the main defence against exposure.to a DPDZ,
- where possible, use more than one valve as a barrier to exposure {i.e. try to have
' mu!tip!e redundancy in your déefensive system) ’ .

* An assessment of thé oonditlon of the structure on which diving is taking place is .
also required when rmplementmg engrneerrng controls.’ The likelihood of a failure of
the structure leading to the formation of a DPDZ should be oonsrdered in assessrng

the surtabrlrty of thls controi mechamsm {I-56].
: : e



o : 728 S _ Tech’nctog’y'in the ccntrof or’ differential pressure hazerdslre'scue techeiques

- No. specrﬁc technology or product for use when assrstrng in the rescue of a trapped
.+ diver was identified during the review. However, two novel techniques’ for equalising
I _-.pressure differentials using compressed airwere reported:
e _.Foitowrng damage to the external hull of a frigate the compartment of
.7 _.the. damaged. seclion was pressurised by placing several free flowing
- SCUBA into the compartment and sealing it. This action was performed

primarily to_displace water from. the flooded compartment but also had

vu—r AT ARl = 4L ALY ) T IR A YA R A A A S ATV R L AT R LA

o

. cfthe vesset

s A maritime’ research orgamsatrcn found reductrcns in differential
'j-;-pressure force could be achieved by injecting compressed air at the
~___pornt -of .entrapment. The technique was most effective during
- entrepment on drfferentral pressure hazards on vertical surfaces

g -':5 73 : | o Summary of best practrce

Drfferentrat pressure hazards must be assumed to be present where: -
PR “ water levels between adjomrng areas vary,
_ © " water is juxtaposed against gasecus volds;
e '_.,:water is mechanrcally drawn through intakes and

e . water is mechamcally drawn towards propulsors rmpellers or other
“types ofthrusters on shrps v

A rrsk assessment shoutd alweys be performed and d[fférentral pressuré hazards
.- cannot be drsmrssed as trrvrat or’ apsrgmfrcant in any diving envrronment or at any
- - depth of water. . : R _

. The risk assessment shoufd be completed in conjunctron with staff fully famrhar with
.7 -'the dive site and the assessment must encompass both actual and potential
e -hazards reﬂectmg the latent nature of many differential pressure hazards. This may
- require an. element of knowledge of the integrity of the structure in'which the dive.is

B tekrng piace afong with the irketrheod and mode of. potentral structural farture

o .Srmple fcrmutae ere avarlab!e to estrmate force f!ow and size of DPDZ

._ The drstances required to stay outside of the DPDZ can be relatively small but the
. nature of the hazard i is such that a physrcal bamer between the diver and the DPDZ.

must be achieved. .
: _.The preferred mechenrsm of controtimanagement of the drfferentrat pressure .
. hazard is a hierarchical approach. Examples of failures in control of differential
- pressure hazards stress the necessity of assessing the effectiveness of control
measures prior :to the diver entering the water and the use of robust physical ,
barriers to the eperatton of valves/rntakesfother machmery and the separation of -

Sl divers froni the bPDZ; IR
. ngorous and _ proper appfrcetron “of Permit-to-Work systems mccrporatmg
" appropriate fock-off isolation procedures is required for’ satrsfactory ccntrof of many
SR drfferentral pressure risks at dive sites. | ‘
'_ Hrgh qualrty, well- rnformed leadership end supervision backed up hy the provision

~.of adequate information, instruction and training for dive teams and other relevant
: -personnet will reduce the likelihood of safe systems of work breakdown.

The use of surface supptred diving equrpment and- voice-activated communicalions
TS reccmmended




_--ConCIusions

3

leferentral pressure hazards have been present throughout the history of drvmg
and remain a hazard to divers today.

| Drfferentrar pressure hazards predomrnently affect divers. at work -and are found

ihroughout ihe commereral diving environment in virtually any depth of water.

tect d!foTQﬁhgi r}Lequthayarr!c inthea yn{nr

.. .

Once encountered rt is very difficull for divers to escape from them and the
.- equalization . of the drfferentlaf pressure is usuaily requrred before freelng a diver
“froma hazard : :

-‘ leferentra[ pressure hazards once encountered are frequently fataf wrth no
. opportunity for intervention from rescuers.

" The mvolvement of buddy or standby divers or attempts by rescuers at the surface '
to use force to free a diver, prror 10 the equahsat]on of pressure frequenﬂy result in
- further injuries or faialrtres . _ . '

' _- Evrdence regardrng the awareness of drfferentia! pressure hazards in “diving '

communrires is . contradictory;’ although awareness seems to be widespread,

: underestimatron of the serrousness of the hazard may underlie'some incidents.

Drvers may sometlmes feel compef!ed fo Work in envrronments whroh they know to‘ :

' be unsafe.

' _-Drfferentral pressure hazards can be'suo_cessfully controlled aII_owing divers {o work
“safely in-the vicinity of differential pressure hazards. The preferred mechanism of

‘control/management of the differential pressure hazard is a hlerarohrcaE approach _
followmg adequate and informed risk assessment.

Srmpfe calculations may ‘be used to estrmate the size of a DPDZ, aithough no

drfferentla! pressure hazard can be deemed to be trrwal or msrgnrfroant

Exampies of failures in conrrol of differential pressure hazards stréss the hecessﬁ)f
- of: assessrng the effectrveness of confrol measures prior to_the diver entering the

" water. and’ the . use ‘of robust ‘physical “barfiers ‘to the operation of

valvesfrntakes]other machmery and ihe separation of divers from a DPDZ.

Rigorous ‘and proper applrcatron ‘of Permit-to-Work systems rncorporatmg
~appropriate lock-off isolation procedures is requrred for satisfactory centrof of many
differential pressure risks; at dive sites, .

High. quahty, well- rnformed leadershlp and supervrsron 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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A Informa’uon request
The rnformatron request used to e!rcrt rncrdent and- other data is reproduced below
rn Frgure AT : - : :

&5 B P oy
. W i, - e = - - - : ) - S
T = e . o i R A SEEA T TAS Y

Study of hazards and risks assoc:atecf wrth localrsed dlfferem!al pressure . .

QmetrQ are conduc{ing a study for the Umted Klngdom (UK} Health and Safety Execulive (HSE) . :
(a non-profrt govemmenlal orgamsairon), on ioeahsed ds‘fferenlial préssure. hazards inthediving " | . - L
- andusiry S . . —. '

. Thig pro_lect follows in !ha wake of 2 number of fecen! dwlng inciden!s where drfferen!ral pressuse
: {OF Del[a F} was idenlrfied asg causaiwe agent o comr:butory {actar . .

R A Dlvers can encor}ntera Iocalrsed pressuse gradient when:
S LA T e Water lévels betwesn adjoining areas vary {e.g. at dams orlocks),
. R : A . Waler is juxtaposed against gaseous voids al drfferenl pressure {o the water pressure {e.g.
" ‘atsubmarine pipelines); !
i + Waler is mechanleally drawn ihmugh intakes (eg ai ‘cooling water intakes for power
a .- stalions or al sea chesls on ships) and ducted propeliers, impellers, or other types of
’ L _ thmsters are operaied in the viclnity ofdwmg opemtlcns (e g.on shrppmg)
. Examp!es of Incidents where divers encauntered drffereniral pressure hazards include:
“e Adiver V‘orkmg in the vicinily of a parilally open sluice gate was lrappéd when the lide
;i7" "changad lowering the water lavel downstream of the gate.
.o “Divers opsraling in. 30 m of water damdged a.valve on a pipeling conlaifing gss at
... “atmospheric prassure. The sudden Inrush of water into the pipe pulred the arm of one of the
- idivers into the resulting hole.
. fnadequate lockaut proceduies aflowed the aclivalion of a bow thruster. while a diver’ -
i performed a hull mspeclzon The cfrver was drawn into the propaller. ‘

o As a frrsi staga of this pn:uest QmeliQ are ooliechng information from the diving commumty His -
-, expected ihat the outcome of the project will allow the HSE to. formuiate rndus[ry guldance wh;ch
“wil) be of benefitto the dwmg communlty asa. who]e . L

o '_-'Thrs lnfermatlon cou{d take. ihe form of.". :
~ e accident or near miss reporis where pressure gradlenls have bean cited as a pnmary or

conlributory factor; S - .

R - “anticipated diferential pressure risk scenarios;
N T o examples of stccessful procadures of techne!ogy in the managemeni of differential
: SR pressurehazards L . . _ ;

) - Reports anci dala wilf be reated in the strictest wnfrdence and individuals or organisa!lons wil not
_ ‘be rdenh{rad in lﬁa final dosurpent, A confden!rallty agreement can be made if requifed.

N PERR ) Ff you feel you could assist wih 1h|s study 1 would be most gra{efu! if you could contact me or
o o - forward any relevant information {defails at the foot of the page} at your earliest convemence Any -
: .asms!am;e yeu can prowde wrlh thrs projecl wau!d be graleiully racelved -

.,

=8 Figure A.1: Information réquest
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Data categorzsatron R |

Classrficatlon of mcrdent data

General

. e

e n udlcgury dieTisied

in the m[ddle co]umn wrth more detailin- the right hand column S -

Mechanism

trauma_ -

A

) -"Category i Value - Description
Aainetiq - | Incidents were allocated a unique number to identify them.
L Reference : Incidents are ref:erred fo ir_} the text by this reference. .
Number . ' SRSONRES el -
A _lncrdent Type Fatality =~ Any rncrdent where the diver was killed durmg or shortly '
L o after and as a direct result of the incident.
_ .: In;ury Any mc:dent where the dwer was injured but survived.
- Near miss . Any rncrdent where ihe diver was unlnjured or the mjury
] ___| was trivial. .
| Q'EﬂrletiQ ' S Levels Where water Ieve'le between adjoining areas vary
Differential ~ = .~ L
A Pressure . " .V?'lc.is_' — Where water rs;uxtaposed against gaseous voids.
L leae_stfrcatron | Intakes Where water is mechanlcally drawn through an intake:
' L -Thruster_s_ .| Where'water is mechanically drawh through an intake in -
B conjunction with the propulsion of a ship or boat. '
| Open _ Where water and/or equrpment is mechamcally drawn into
: Propulsors an open propulsor
g Sfr_i\rcmre S .' ! ‘ When mentroned in reports the structure on whrch the dive
s I "'_/ was taking place is recorded. :
: '} Depth ' F m - { Pepth was quoted as that at which the diver was operating
¢ IR -unless the report states the differential depth.e.g, A diver
warking in 4 m of water upstream of a water level of 1 m-
_ . would be listed as operating at 3 m.
| Diiferential kg of force ' Where sufficient data was present the drffereetlal pressure
Pressure- " B involved during the incident was calculated
: Openmg w7 e aree of the hole or opening involved. .
o . 'Openlng m 'The dimensions of the hole or openmg involved.
Flow ms’ ‘| When mentioned in repoits the flow at pumps and intakes.
o -lhjury. . | Primary event ln}uries sustained by the diver as an immediate '
consequence of exposure to cirfferentral pressure o.g.

Acute crushing or laceratlon lnjury or mterrupi:on ofgas
supply




PRASATEE qDate © - iYear ‘- | When known, incidents are ordered by the year in which -
T 1 s o .} the incident occurred. No l}mtt was made on the age of
: reports 4 ‘

o Incident B Abraefdescnptton ofthe incident.
R descnptten e : ‘

o Table C. 1 /nc;dent data categonsahon

R _The category of Thrusters has ‘been selected to include incidents invoivmg ducied
.- ..propellers and mtakes which generate a focussed negative pressure region capable

- of drawing a diver towards it ‘and- potentially trapping them at an inlet point. It does
Pl ot include standard propellers or other propulsors, as although these undoubtedly
i) oo ‘generate.a negative pressure gradient capable of drawing any diver or diver's
~ .- equipment in.the vicinity towards it, they have no capacity to trap and hold a diver at
ocan inlet. pomt these have been classified separately as Open propulsors. It may

"+ be ‘that differential pressure’ incidents ‘involving open propulsofs may be under-

" réported thmugh the omission of any suitable ‘keywords’ such as ducts, nozzles,

i thrusters:efe'in: descnpttons of the incidents. Such inc:dents could be reported as

3|mple colhsnons and propeller enianglements. o -

SRS LR SR R Some reports mention divers being drawn into an ‘intake’ or ‘inlet, however details
L 0 in-the reports indicate that the system was passive and not powered by a pump
gr thus these reports are claSSIfled under Levels :

o 013 e ‘_ .Dtver qualmcattons and d;vmg f;eld

. The category of Recreatronal dtvmg is essenttally redundant before the 1950°s.
* Prior to this, unless otherwise stated, it is assumed that all diving is ‘commercial’ in
_nature and thus all diving quaiiﬂcatlons are similarly commercial. (however this
. makes no assumption that. any such qualification is comparable with modern
commercnal divmg quallfloatmns) See also section. 4 1.2 Relevancy '

fz"'.'-_'Po!ice flre senice -and . mllltary divers have been assngned Profess:ona]‘
: qua!iflcatlons to indicate they have had. some form of official training, and this
- gualifies them to work m the f;eids of ‘M;lltary and ‘Search and rescuefrecovery’

5 diving. - -
C14 : lnjury mechamsm '

_: _Frequently reports contam only part:al detalls of the injury suffered by the dtver The

- . following logic has been applied in the categorisation of diver i mjurles

_ R Prlmary event trauma has heen allocated When reperts exphcstly list:
- —‘ B '_"' T = "j'acute injuries - suffered by the diver; ' o

L _ ._ a '.".‘.an immediate loss_of gas supply; or

v ' _fatl to. mention any period ‘ofentrapment‘. _
s 'Pri;ﬁ_ary_ event ttauma‘encom‘oasees events such as the severing of an umbificat or
.. 7 loss of .a demand regulator (even when the cause of death is drowning). This

o classifies together incidents in which, due to their immediate onset, there is very
_ limited or no opportumty for TESCUers’ to render assnstanee to.the diver. :

~ Entrapment, drownin_g has been al!ooated w_hen reports explicitly list:
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D - -__'-f_lncndent reoord tables
| D1 ﬁi'._."'=Tab|e iayout .

'Each of the tables in th:s annex coniams deta}ls of a smgle incident. incadents have
“been sorted into three types: Fatalities (section [.2), Injuries (section D. 3) and Near

miss_incidents (section D:4). Each incident has beeri-given-a-unique “reference..

& 3 - DIWLL )4 0 - s ﬁal RS AT LS o A ] T llluﬁznuo 33 M ARAS TS AT R

o reference in the main body of the report (Section 11 - inCtdent References) -

o _-'!Ail flgures are quoted in 8.5 units;-imperial equ;vafents are also shown, where
© .o appropriate. Where no information was located for a particular ﬂeld the respective
.o dine in the record table is not shown. - :
' ,The fuil l[st of possmie flelds wuthm each record table is shown m Table b, 1

kS

T [7 INC.’DENT NUMBER

Gl e Type:' .
..leferentlal pressure class;ﬁcatlon:-
' L Structure:
" Depth-(m):

Differentaal pressure (kg): .

Openmg {area m?):

- Openmg {d;ameter!d:mensmn (m)):

“Flow (m sy

Tl lnjury mechanism:

Quahfmatlons;' R .
?tefd:- -

Communlcatlons:_

‘Source: |

R Junsdlctton (country):

“Year: . o - o
. . —~ :

.' { mcident description:

S Table D i: 4S;‘:owmg all “of. the ﬁelds poss:ble in- an mc;dsnt record w;th fuh’
mformatfon 5 - . :

Y sp



INCIDENT 03

L : Type: Fatality "
D:fferential pressure classmcatlon:. Levels _
Sluice =

Structu re:_

ERDDE Field: | Commercial - Infand B
B i _ Coiﬁm_vnica'_ti'e_ns‘:_ Unknown . 5 ' '
R .Source: | Open source press.
e Jufisdic_ﬁon (country):. UK_ T —

. Year;

igoo:

Inmdent descrlptton

When a sltice valve was opened in the v1cm|ty ofa dtver his left arm was drawn into the
hole and his urnbilical severed. In desperation the sluice was, ciosed Sevenng Ehe divers
teft arm. The dwer was recovered bt d:ed fater. ,

1INCIDENT 04 =

Fatality

. _ Type: _
leferentlatpreesureclassmcatton: Void IR
. Structure: Un_known L
; : Demh(mh7183(60ﬂ) ;
; Injury l.nec'hanism:' P‘r_im_ary event iraumé
Quahﬂcatlons:' "Commercial.
n Ty F:efd: Coﬁ_imerciai = unknown
Commumcations: Unknown
: . Source: | Industry safety reporting
Jurisdiction {country): | USA ) L -
. Year: | 1901

Incadent descrlptlon

A dsver wearing_ standard gear was recovered bleedmg heavily from eyes and nose, a

; ruptured air hose with fallureiabsence of non-return valve was suspected
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INCIDENT 07

. Type: | Fatality

leferenhal pressure cEass:flcatlon: Vozd

Structure: | Fixed plant power

-Enjury mechanism:, anary event frauma

T s ﬂl!alsﬁpﬂtigg = L

Field: | Commercial - Inland .

‘Gommunications: | Unknown

' $ource: HSE report. R ‘ 7
Junsd:ctlon (country):. UK DT - 7
o Year: | 1970

Incudent descnptlon

1 Prior to an operatlon to permanently seal a water tntake tunnel with. concrete two. d:vers

- were clearing a’blockage from the bell mouth opening of the tunnel, in tidal waters. The

-] tunnel was linked to a well chamber but was thought to be 1soiated from it by a valve
‘gate. Howegver the valve had been prevented from closing properly by accumulated

debris and when the well chamher was pumped dry to allow repairs to take place, the
tunnel was also 1nadvertently pumped dry, creating a void behind the blockage in the bell

- E .mouth. During the final stages of the clearing operation the blockage suddenly collapsed
S and the divers were drawn into the intake tunnel severing their air and lifelines.
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| INCIDENT 09

Fatality

3  Type:
i leferent:afpressure classlﬂcatton Levels
Structure Dam )
Dppt_h (m): | 46 (15 )
-

_5.20.(3054 i 2y

0pen|ng {d:ameteridlmenslon {m)):

2.44x2.13 (86X 84 in) .

!njury techanism;

Primary event trauma

L Qua_ief;_ca_tlons. Commercial
' Field: | Commereial - Inland
- ... Communications: | Unknown .
S -_" o Source: .H_SE.repo'ft S
PR Junsdlctlon (country) UK_ '
7 | 1971 B ’

" Year:

Inc;dent desctription:

A fauity valve allowed water {o dram through a culveﬁ from behlnd a dam. While
attempling to position .a temporary wooden dam a diver.entered the culvert and closed
the entrance behind him. This allowed a differential pressure to develop causing the
temporary wooden dam to crush the diver's umbilical, ‘The standby diver was unable to

' pnse the dam off the air llne with a crowbar.
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- |InNcIDENT 11 | |
L : I R ) " Type: Fatatity' ,

Differential pressure classification: | Void

- Struéture: P!p-eiine
Depth (m) 39,6 (130 ft)

kg Tl 3 =
dadob bt

R ' 0.66 {1018 in%)
s _._Openmg (diameterldzmenslon (m)) 0.91 {36 in)

Openmg (area m }

© 5 .- Injury mechanism:.| Primary event trauma ,

NP I .+ :Qualifications: | Commercial

' Field; |-Commercial - Offshore

LT T Communideations: [ Audio

Source: industry safety reportmg

Junsdlctlon (country) UK
: Year: \.‘i 875

L

S _ inmdent descrlptnon ‘ : .
g e ] Following repair work to a gate vaive at the end of a plpelme a dwer was asked to
~ it L observe the operation of the valve: When the valve was. opened the diver was sucked
o anto grating and his breathing apparatus pulled off. When communication with the diver’
Lo ] was lost a standby diver who went to his aid and was sucked into the pipe. A third diver

-} narrowly escaped injury when he too was drawn into the plpe however-he was ablé to
] exit the plpe as the pressure dlfferenhal had equalised ' :

¥

{incipEnT 12 |
S R S 'E'ype:_- Fata!i(t'y

Drfferentlai pressure classification: | Intake

Structure: { Fixed plant - power
~Depth (m): | 10 (32.8 ) '

" injury mechanism: | Primary event trauma

e, “Qualifications: | Commercial

‘ | . " Field: | Commercial - Inland

Communications: | Unknown

" Source: 'I_r_ad_ust'_ry safety reporting

Jurfsdict:on (country):‘ France
' Year: | 1979 .
N Inctdentdescnpt;on N

While inspecling a power plant cooling system a dwer was sucked into an mtake The
valve had been key focked by the client, unfortunately in the open position.”

A ’ F. . ]




INCIDENT 14 - -

‘Type: | Fatality *

Differentia! pressure classification: Le_ve_fs

' \Stru_c_t‘ure.

*Depth-(m):

Opemng (area m?): 10.02 (32in%) -

Openmg (d!ameter!drmensmn {mj): | 0.1x0.2 (4 x8in)

: anury mechamsm 'Rescueir‘auma, hypothermia - '

Quahficatlons Commercial

Fleld/ Commercial - Inland.

N

Commumcataons Audio, rope | -

Source: | Court reporting -

: Jurssd;ct:on (country) LISA

R L __Year 1'989

lnmdent descnptlon :
' Fo]!owmg matntenance work on a "Deep ga{e” (a gaie installed to regulate flow in a
Aunnel passing through a dam) a malntenance gate installed up stream of the deep gate
was due.-to be removed The equalization valve on the maintenance gate failed o
operate correctly and a diver.cut rectangular holes in the maintenance gate to allow water
levels 1o equahse The divers fegs became trapped in the holes he had just created. A
second diver- entered thé water and he too became trapped A third diver attached a |
chain hoist to the trapped diver's harnesses'. Diver one's harness broke and he expired
| underwater, his body being recovered. the following morning. The second divers lower leg
- was npped from hls body during the recovery and he was pronounced dead upon a‘rrtva!
at. hospital : = _ . : . -




: : Typé: Fatality
szferential pressure chsszfication; ‘Levels
o - Structure: | Sluice
. . Depth (m): | 43 (14f)
7 798 .

leferenttal pressure (kg):

p’.qg" (288 in?)

_Openmg (area m ):'

Injyry mechanism:

Entraprent, 'drowmng

‘Qualifications: Professional _
: " Field: Commerc;at»lnland
s _ 'Comniu'nicat'io'ns:_ Rope
' Source:x_ _Open _soﬁrce press
Jur:sdlctlon (country}:_ USA
Year: _199_11 |

!ncndent descnptzon

-} An off duty fi re~flghter was attempting to rem
. | water gate. Following uncertain rope signals
the water including tying his lifeline to the bumper of a vehicle, resulting in injuries to his |
a secondary gate opened to relieve water

legs. Only when-this was unsuCCessful was

ove an obstruct:on fiom a submerged river
attempts were made fo pull-the diver from |

B ~pressure and a second diver able to recover the body of the first.

o ';.!NCII?EN'T"18 S

Type Fatality
Drfferentiai pressure cIassnflcatlon Intake :
Structure. Lake -

- injury mechamsm:

Entrapment, dréwning iy

Qual:f;catlons: Professionat
_ ' Field; | Commercial - Infand
S Commumcatlons:’ Unknown

© Source:

Open source press

Jur;sdjctlon (country):

USA

N ST 7 Yean

1993

- Inmdentdescriptlon

-A-diver drowned while he and- two other: dwers

were- c%eanmg an miake scrgen’in a iake. :

)




INCIDENT 21 |
Lo T Type: | Fatality

i leferent!al pressure cIass:frcat:on: Levels

Structu re: | Dam

~Depth{m):| 9953ty

’.-.'L)uj';er'émié{ pregEura K Jj; REL]
' Openmg(aream}: 0.19 (288 i

Openmg (dlameterldlmens:on {m)): | 0.15 % 1.22 (6 x48 in)l

~Injury mechamsm: Primary event frauma

' Qualificgtions&. Recreational

“Field: | Commercial - Infand . .

Commumcatlons: Unknown

B Source:_ Industry safety reportmg

Jur;sdlctlon (colmtry}: France

e Year: 1997

.

.Indldent descr:ptlon : :
| While. inspecting the upstream 31de of a Eeakmg valve a recreat:ona] diver was drawn mio
| the valve and k:l]ed

CINCIDENT 22 T

Type: Fatality _

leferentlai pressure c!ass;flcatlon: Levels -,

Structure_:e_ D_am TR e

In;ury mechamsm_: Edftrapment, drowning

Quahflcatlons: Professbnal

Fleid: Search and rescuelrecovery '

" Communications: { Rope

-Bource: | Open sourge press

i

Junsd!ctlon {country): USA _
' Year: 199_8' _

: Inc:dent descrlptlon o
During.an operation to recover the body of a drowned child a police diver was trapped in
a sluice near the base of a dam. The diver's safety fine was snapped during atiempts by |-
fellow officers. and passers-by to pull the diver to the surface with it. The bodies were

1 recovered, only when the water levels at the sluice were lowered sufficiently.
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‘| INCIDENT 25

. S : | - Type: | Fatality

Dlﬁerentlal pressure classification:’ Voi'd
' Structure Pipeline

t-22.975 ft

Umerent:al pressure (kg): 73834

Openmg (area m’): | 0.16 (254 in?)

Openmg (drameteridlmensmn {m)): | 0.46 (181in)
= - Injury mechanism: | Primary event trauma

LA T o Quahf:cat;ons: Commercial

“Field: | Commercial - Offshore '

Communlcatrons: Au_déo

- Source: Industry safety repor’(ing

ke Ju_risdiction (country): | USA

R 'Year; 2000

' 'incrdent descrlptron

R S A diver was removing a mud plug from a papehne Whrch had been severed by a mudslide.
EERE Workers on the surface had failed to flood the pipe. When the. drver cteared the plug he

‘| was sucked tnto the prpe whlch was at surface pressure '




INCIDENT 27 -

Type: | Fatalty - -~ .~ .

Drfferential pressure classaflcatren Intake

Stru cture Dam

: !njqryf‘meeh_amsmrr -Primary-event-irauma—

=arrahfieations = tomnereat

Field: - _Commer_c‘ral - I'nland-

Communlcatrons Unknown

‘Source: Court reporting

Jurlsdlctron {country): | USA = - R

SRR Year 2002_' e

' fnc1dent descrrptlon _ : . _
“| A diver was sucked rnto an mtake plpe whlch had been opened wrthout his knowiedge
{ before he entered the water. _

I

INCIDENT _ -28 -

Type: _. “Fatality -

Drfferentlai pressure classification: | Levels h

C-oo o T Structure: | Dam

- lnjury mechanism: | Primary event frauma

Quai:frcatrons: Professional

" Field: | Commercial - Intand

‘ w_'Communications:_ Unknown

© Source: Industry safety reporting '

Jurrsdlctlon (country): USA

[ . : . 3 .

Year: | 2002

| located on a dam pier. An intake shutter placed over the port had failed to seat properly

. part of the divers original dive plan and originated from an individual other than the one
|-supewvising_the. dive. The. diver's . body ceufd_not be..recovered untrl the- pressure

Incident descnptmn e o S L
While conducting maintenance operations on-a dam a- drver was drawn.info an intake port

leaving a gap at the lower edge of the port. The task of inspetting the intake porl was not

dlfferentnal was equahzed
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| INCIDENT 30

‘Type: ' Fatality

leferent!ai pressure classification: | Intake

- Structure: | Fixed plani - power

Depth (m): | 10 (32.8%) -

Qualiflcattons_ Commercial

-"Field: | Commercial - Inland |

. CommunlcatlonsA Unknown '

Source | Industry safely reportmg

Junsd:ctlon (country)' ltaly

Year 12003 T B

-_: _' !ncident descrlptlon S :
1A diver was attemptmg to ciear a pama]ly blocked power plant water intake. He became

- | trapped by differential pressure. ‘In the absence of a standby diver the fire bngade was
| asked to attend The f ire’ bngade dlver drowneq while the first dlver managed o free

| himself. ‘ R

INCIDENT 311- T

“Type:’ _-F'a_t_ality )

Differentla! pressure ciassn‘lcatlon:' tevels

2

Structu re: | Pond

o 'bpenmg {area m }: 0.16 (2_5.4_ in%)

Openmg (tilameten’dlmensmn (m)): 0.46 (_1_8 ire)
e - Injury mechamsm:' Entrapment, drowning -

- “-Qualifications: | Professional -

s R o Field: | Commercial - Infand ;

o Commumcatlons: Unknown.. -

‘Source: | Open source press

' L '_\__l'uriedi_etion {country}:” '_USA_
' ' . Year: | 2004

lncldent descriptton
| A diver was attemptmg to remove obstructlons from the blocked drain of a privately
owned pond which had overflowed. After failing to surface the alarm was raised by the
divers wife. Authorities believe part of his body was sucked into the-18 in-drain pipe.

g

0



| INCIDENT 34

“Type: | Fatality

Dlﬁerential pressure ciassmcatton ‘Fhruster

Structure: | Ship

Injury mechanism:_| Primaryevent trauma._

%7 s

\JUIIIIIIGIL:IGI B - . Y

Fleld Commermai - lnland

- Communacéttons Audio, wdeo

Source Open source press :

' Jurlsdlctlon (country) Malta

Year 2004~

Lo lncident descnpt:on R e 2
A diver was’ ‘conducting a wdeo lnspection of the hulf of a contamer ship. A bow thruster
was activated while the leEI’ was in the water The dlver ‘was drawn mto the propetlers

' .andkmed

CliNncipEnT 35

" Type: | Fatality

- Differential pressure classification: | Levels

R ' - Structure:’| Dam - e S

injury mechanlsm:' Pri__mary'evenl trauma -

Quailflcatmns: ' Commercial . ,

s F,l_eld:' Commemal - Inland

- Gommunications: | Rope .-

" Sotirce: Industry safety repomng

Jurisdiction (country): USA

el Year: 2005;"'H

- Inc:dent descrlptlon

Dunng a routine. mspec fon of the head gates at a hydro-glectric pOWer station a d:ver

"1 was -drawn info a gate valve opening: Attempts o retrieve the diver. by pulling on his

lifeline were unsuccessful. After water levels were lowered to recover the diver's body, he
| 'was found to have suffered from _compression asphyxia. Power_station_staff_stated_they.

_had informed the diver that the valve Would be open but oiher members of the dive team

o had not been briefed

T2, i . : .
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| incipEnT 38

Type Fatality -

leferentlai pressure classrfrcation Intake
' " Structure: | Fixed piant power

‘ !n;ury mechamsm:, _Entra mentrdr_owmng
wap g

il Y o P

G lnCIdentdescrlptlon

'-

. |INCIDENT 39

= e
3 IRy e iy )

" Fleld: | Recreational

Commumcat;ons “Unknowt.

" Source: | Open source press .

Jurlsdrction (country) USA "1

A party of five recreational dzvers entered a river. 1ntendmg to drift into an ‘adjacent
tributary.. In poor visibility the party became separated. Three of the divers were able to
exit the water. The two remaining divers were found five days:later near the intake of a
hydro-electric power plant. Maintenance work by the power generauon company may
have. temporan!y altered the normal flow of the river. : _

Type:'- 'Fata]ity"r ‘

' : Drfferentlal pressure c!assiflcatlon: Levels

Structure: Dam-

Depth {m): | 55 (18 1) . T

g Injury mechahism: _Entrapm‘ent; droWning

R Qualrflcatrons: Commercial - ="

Field: Commercial - Intand; -

¥

) Commumcatrons’: - Unknown

T

Source: | Industry safety reporting

-‘Jurisdiction»(country): Usa - - ' : ' "

Year: { 2007

Incrdent descnptlon

Adiver was diowned White attemptmg to remiove a iemporary dam betWeen the main |/

body of water and a newly constructed channet.
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[ nvcipENT 427

Type:

Fatality

o Dlﬁerentlat pressure C]GSSiflcation’

inlake

Structure

Fixed plant - water tank

_!hjury—mec_h_an_f_sm—f

-Primary-event-trauma

,,,,,,,,,,,,7,,,,,,,i,,,,,,,,ﬁ;,,;;iifg

= o e
aual_iul.auun‘a

UUIJ!H%C“AF_H

_ Fle!d: Commerp_ial-'lnlahd . o S
Commumcations: Unknbwn ) - )
" Source: | Open source press_
Jurlsdlction {country):_' usa
Year:

| incident deschptlon

_ A commermal diver's umbilical was sucked mto a pump and sevefed while he was diving
1.in a water storage tank. The pumps were off when the dlver entered the water but

i act:vated automattcally during the dive.

2008 '

|iNciDENT 43 | |
e T ' ~ Type: | Fatality
' Differential pressure classification: | Intake
S ' Structure:

Fixed plant - desalination .

injury mechamsm:

Primary event trauma:

: Quallflcatlons: '

Recreaiioné?

- Field: Commermal - inland
Commumcat;ons:. Unknown i
: " “Source: | Open source press

Jurrsd;ctlon (country}

"U.nited Arab Emirates

2008

Year:

' Inmdent descrlphon

While employed {o carry out commerc:ai underwater repair work a sport/recreatlonal

' -qualified diver was sucked into an intake pipe at a desalination plant.
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INCIDENT 46 :
T Typer | Fanaiy

. Differential pressure classification: | Levels

" Structure: | Dam K N

ln?u

fmeehanis"m!— —Primaryreventftreuma

________ = e

ATOS T COmTeTeIar

Field: Commercial - inland

C(_)mm'u'nicationsi Unknown

: i . Source: | 3rd person Teport

Jurisdiction (country): | Australia

" Year: Unknown L

Incndent descr:ption d

Whlie searchrng for a leak in a dam face a dlver became stuck in. the crack he was

: seekang and was kulled

T

| INCIDENT '_47_ o

Typé: Fatality

‘ i
D|fferent|al pressure cfass:flcatlon: Lavels

ky

Structure:,_ Dam

|I‘Ijlll’y mechanism: | Primary event trauma

Qual[fgcat;ons: Professional

. Field: | Search and rescue / recovery

Cbmmumcattons: Unknown R

--Source: ind_us_try_s_afety reporting -

. Jurisdictio_n (c_ountry): LSA-

Year: UnknoWn

| covering ‘an intake in the face of a dam was missing. While attempting (o replace the

'i‘-

lncldent descrlptlon .
’ Whlle searching for lost tools durmg a trammg dive, a fire- f gh’zer dlscovered a plate

plate the diver's legs became trapped in the intake openhing. The diver was pulled free by
.a crane, the aulopsy stated that he died of "hyperventilation syndrome”.
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_ Typeﬁ_ Injury
Dlﬁerential pressure classmcatlon: Void

Structure: Pipeline

i Injury mechanism: Prrmary event irauma

Quahflcations: Commercuai

F;eld : | Commercial - Offshore

afinna ,U'L;nfw ) .=.=.,‘ : .

. Source: | st p'e'rson report

- Junsdlctson (country): UsA '
e e ST Year: | 2000 |

- Incrdent description: .
A dwer suffered a wea! after backmg onto a spht prpellne

| INCIDENT 51

~Type: | Injury.

' leferent:a! pressure class;flcatlon:_ Void

Structure: | Pipeline

v”j;f-h’rﬂi';;gy’-j5 Depth (m): | 140 . .
R e B R "{“"fnurerénﬁaspressure(kg); 1157
T T ovming [ o0n iy
SRR Openmg {dlameterldlmensuon m)): | 0.1 (4in) .
T e “Injury mechan:sm:_. Primary event. trauma
g Quahfications:_‘, ‘Commercial
R oD Fiela: 'Commermal»Offshore |

: Comm‘u&nicatlons: Unknown :

i / s o :_ - Source: industry safety reportlng

A JuriSdietior_l (country): s Unknown
' Year: | 2001

Gl '_ - lnc:dent descrtpt:on _
| Wooden flange protectors had been f tted to a spool piece (a small joining plpe) These
had not been vented and a negative pressure. developed at depth. When the diver
L succeeded in prying these off with his knife his arm was sucked into the ptpe resultmg in
PR K1 dlsiocated thumb arid” frac:tures e T . . _

N
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DA

~-Near miss incidents

[ INCIDENT 54

' Type:{ Near miss o

D:fferent:al pressure classlf:cat:on: | Intake
' . Structure: | Tunnel

o

5 INCJDE'N@ _55 o

._ qualifications: Commercial

. Field: | Commercial - Inland” -

"i-_Commumcatibnsz Unknown

Source: Open source press

Jurlsdlctlon (country):' UK -
0 Year: | 1879

Inmdent descnptlon

pump He was freed with the assnstance of three co]ieagues

Durmg operations to pump dry a ﬁooded 1unnei a dwer was sucked agaanst theinletof a |

Type Near Miss _

Diﬁ‘erentlal pressure classuftcatlon Void

Structure Ship '

lnjury mechamsm None

Quahftcatlons. Commercial

Field: |.Commercial - Inshore

+7+ . Communications: | Rope

" Sourgce: | Open source press

Jurisdlctton (country) UK
‘ Year:. 1'892_ |

: tn(:ldentdescrlptlon SRR .

While aitempt ng to fit a plate over a hole in the huH of a sh|p, a diver dlsturbed the colton
‘waste plug which had been used as a temporary repair. The dwers arm was stcked into

1'the hole. - Without ‘audio communications_the_diver-was_unable’to-reach_his_life line to
{ signal to the surface, however the divers ‘entrapment-was noticed and a second diver was

able to bnng the fli’st to the surface once the pressure d:ﬁerentraf iwas equalised.

[



| INCIDENT 57 -

- Type:

Near miss

* Differential pressure classification:

Levels |

Cylinder Foundation

; . Shucture:
|n|lll’\i mnr-hamsm ,,,,Ngnﬁ
________ = = = e == =
a_LiUIED \J’Ulil.l!tclblﬂl

Field:

Commercial - Inland

. Cbmmulxicétibns: Rape
- source: | Open source press
Junsdlctton {country): | UK
' ‘Year: 19'31 '

Inc1dent descrlption

| A diver was working inside a ﬂooded cyhnde

of a river. When the lide fell the watér level

| outside. The diver was sucked under the rim
| of the river. The diver was eveniuaity rescued, unharmed, after seven hours

r wh1ch had been drwen into the muddy bed
inside the cylinder was left higher than that
of the cylinder and buried in the muddy bed

At

INCIDENT 58

. Type:' Near miss
Different:a! pressure classmcat;on: Void
: ‘Structure: |.Ship
; :'!njury_mechamsm: Noné 4
+ . ‘Qualifications: [ Commercial
' 7 Field: | Commercial - ln_sh_o_ré

i Cdmmunications:

Unknown

~ Source: | Open source press -
' Jurlsdictlon (country): UK '
Year: | 1933

{ Incident description:

A diver became temporarily sluck on the hole in the huii of a ship he Was dw;ng to
mveshgate Assistance from a standby dwer was reqwred to free himself, :

8

~
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INCIDENT 60

- Type: | Near miss-

- Differential pressure classification: | Levels .

 Strugture: | Weir

__Depth {m): | 2.3(7.55.1)

_ Opening (area m?): | 0.46 (720 1)

P :

Openmg (dzameter!d:menston {m}): 1 0.38 x 1. 22 (15 X 48)

Enjurymechanlsm: None.

Quailflcatlons: _Commercial

- Field: Commerc:al - !nfand

[ DA o Commumcat;ons; Rope

"Source: | 1st person report . - ' ' ,.

L :_:-:- Junsdlctlon(country):' UK.~ -
' ' ' Year: 1997

: tncldent descnptlon : : S :
o Du[fng preparaklons to dwe on a sel of welr gates a ihlrd party intervened to Esolate power |
to the gate motors to prevent their automatic opening in response to water level changes.
-} However power was isolated before all the gates on'which the dive was due 1o take place
2| had fully closed. Durmg the dive the diver encountered a partially open gate The diver
Pametio 0 was temporary trapped at the base of the gate where the flow of water began to dislodge

© =0 | his mask and regulator. However the diver was forced through the gate and was able to

S regam the surface




| INCIDENT 63 -

- Type: | Near miss

DJfferentiaI pressure classnflcatton Intake

: .'_ Soo e 7 Structure Fixed plant - power

Openmg (diameterldlmensron (m)); } 1.07 {42 tn)

' Flow (m’.s” ) 0.17 (6 f%s™)

“Injury mechamsm.-_‘ None

".'.Quali_fications: Recreational

_Field: | Recreationa} . '

Commumcatmns Unknown - .

: ---5Source.~ Open source press.

Ju_risdictio'n (country_)f USA

“Year: 2008 ’

Inmdent descriptlon

Dunng a recreational dive 2 a diver was sucked mto a 42 in hole ina damaged section of
~ | 8 ft diameter intake pipe. The diver was drawn into a larger (18 ft) diameter pipe travelling
-1 for'4,000 ft at 6 fi/s before bemg dlscharged into an open intake canal Where she was
ble to exnt the water. -

[inCiDENT 64

R e Type: |-Near miss

Differentlal pressure classaflcatton: _ Levels_

i Structure:'j Lock -

injury mechanism: | None

* Qualifications: | Commercial .

. Fiefd: | Commercial - Intand

Corrmmﬂu:atlons:= ‘Unknown 2

Source: Open source press

" Jurisdiction {country): J UK

Year: Unknown '

' Inmdent descrlptlon A : :
A diver was sucked into “an upper sluice’ culvert where he. became Iodged by his
eqguipment. As the sluice could not be closad as the divers legs had passed through it, he
could only be rescued when a second sluice was opened filling the lock and equalizing

the’ pressure differential. N
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ps
f INCIDENT NUMBER 67

'Exa'm.p!e‘o’pen_-prbpi&is'or 'i'hcid'ents

Type

!n;ury

leferenilal pressure
classmcatlon

Open propulsor ‘

' btructu re

Ship

i Injurymechamsm:'

Primary event trauma

‘Qualifications’

Commercial  /

" Field:

- Communications:_-

.Commercial - Inshore

Unknown_

incldent description:

PRI . . o 7 SOUrCe:‘ Open éourpe pre.ss o
' Jurrsdlctlon (country): | USA R
Year: 2'{}'09j R . o |

A dwer was working beneath a vessel cleamng thé hull. The captam of the vesset started

o -the ‘boal's’ engines but did not put them into gear. Shorlly after the diver was seen

floating at the surface unconscious. It was known that the propeller still turned slowly in.
neutral and it was speculated that the diver received head and other injuries when his alr

and tending line became entang[ed inthe propeller

tor

. é

INCIDENT NUMBER 6_8 S

Fatatity_

-~ Type:
b " Differential pressure | ~ " . T
o ~ - classification: Open propul_so.r
o T _Str_uctt_lre: S.hip

U injury ‘mechanisnﬁ: :

Primary event trauma-

Qualifications: | Commercial
A Field: | Commercial - Offshore
Video

Commumcatlons:

]ndu“st'ry safety reporting

_ : ’ Source:
- Jurisdiction {country): | UK - \
|  Year: [1995©

]nc|dent descnpt[on _._77:_. T RS R
A diver was killed dunng a cable {aying operapon when a support ships propeller was

o 'operated whlle he was ir the water.
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|nciDENT NUMBER 71 -

Type: | Fatality .-~

Differential pressure -

classification: Open pr.opulsor

- Structure: Ship -

. Qualifications: | Commercial

" Field: | Commercial - - Inshore

. Communications: | Unknown

- Source: | Industry safety repomng =

Jurisdiction (country): | USA
S ovear 2005 L

| Incident descriptlon _ Coo
A dlvers umblhcai became entangied an a boat"s splnnmg propetler drawmg hlm 1nt0 the

blades

| INCIDENT NUMBER 72

SRt R Type Néaf}niss

Dlﬁerentla! pressure

classification: -Open p_(o‘p_ufgor

Struc_:_t.ii?e: Ship -

‘ "'Injury mechanism: | None

s ¢
PO E B = T

Qualtflcatlons: Commercial

Field: | Commercial - Offshore

Communlcatlons: Unknown .

Source: Indﬁstry safely reporting

Jurisdlctaon (country): Canada

) ‘ © Year: 2008
Inc:dentdescnpt!on B

During 'a d;\nng operation the captam of a vessel told a dwe tender he needed {o
manoetvre the beoat. The tender made no adjustment to the diver's umbilical and

‘excessive umbilical was severed In the propeiier when the engines were Started The
diver was able to ascenci safely on bail out. :
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INCIDENT NUMBER 75. | -,

Type: | Fatality -

leferentlal pressure

classﬁ:caﬂon OPG“ propulsor

" Structure: Ship

Qualifications: | Commercial -

Field: ‘Commercial — Inshore

Communlcat:ons:_ Unknown

Source_: | Obpert source press

Junsd:ct;on (country): United Arab Emirates
o Year:' 20'08J '

hE Inmdent descrlptlon

1 An engmeer unaware a d:ver was workmg below hIS shxp started the engines. The diver,

: workmg near the prope]!er was caught between the biades and kilfed

H .

“| INCIDENT NUMBER 76 .

~Type: | injury

‘Differential presstire

. classification: | OPen Propulsar -

" Structure: . Ship-

_!njurymechamsm: Primary event tfrauma -

Qual:flcatlons‘f Commercial

: Field: Commercial —inshares

Communicatlons: Unknown
' Sourc:e:' Industry safety repomng

- Jurisdiction (country): Singapore

. Year: | 2008 -

'!ncndent description;
Thwee divers were cteamng the seven meter propeller of an oil Eanker when it began fo

rotate One diver was, crttlcaliy m}ured R P N S
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: G_ra‘phi'cal_ rgp_ﬁesentatioh of catego_rised data

Fatality

. :_'i.- L . : E _ngt_fr_e 7E._1:_.Percentage é’haiysfs _Of,ihciden? type L .
. : . 5% 2‘-%. | : :

o 2% |
“~ Figure E.2: Percentage analysis of differential pressure classification
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: Other

" Figure E.3: Percentage analysis of structures dived upon’
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e trauma
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- .. Figure E.6: Percentage analysis of injury mechanism .
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TR " Offshore -
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: 1 . rescue [ recovery
. 59% b .
. Bl Commercial - B Uy
oo - unknown : _ '
v v o - Military
CLooi s mSdentlfle
B - . “: .. ) c . ; : . . L. ..‘ L ‘. B . T ... . ) . ) I ) . . ’ \‘
b -~ Figure E.9: Percentage analysis of field of operation (all incidents)
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' Figure E.10: Percentage-analysis of field of operation (fatal incidents only)
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' Figure E.11: Percentage analysis of communication mechanisms
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Incident type - open source press only .

‘ o :. SRR ..7%'.-

Fatality_ ) '_ : .

S NPT ¢ .
~ . N . 7
k]
33% Near miss.
. + .' . 1} - N !
. ~,
: 60%
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Fo D|fferent|al pressure — Iook-—up tables
~n the followmg tables dlameters given in mches are approxrmate equ:vaients of the
"diameter given in centimetres and.metres.’ Depths are hnear distances in metres

rather than metres of. seawater

—Ferce due—to d;fferentlal Pres sur e

e | Pipe diameter(m) | 0.08
b | Pipe diameter (em) | 8
SR e Plpe dlametm‘ (H"I) B 3.1 B
Area (m ). |0.005
. ‘ () 5 3.

1] s
11.5] "8
Sodanl 10
, e 300 15
TR 56| 26
/ _g_l_)er)t!r@é_r} ol s2
e b 25 ] 420 ]
30155 E
40 ]52067] (32
o L 50':_253_.;.&} '
‘Force«: 50 kgf -
" |Force = 50 kgf<200 kgf
FiiForce 2 200 kgf < 350 kgf
Sy Force>350 kgf :" :

R "Figare F‘l : Force. due to_\dr_"fferentiel pressture - calc_:ufetioh matrix (sea wa{er)
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2o Forqe'd_ué to differentiaI_Prgsl_éure (kgf)

“{ Pipe diameter {m) | 0.08 | 0.10 | 0.15 | 0.20 { 0.30 | 0.45 | 0.60 | 0.75 | 1.00 | 1.25

‘Pipe diameter (cm) |8 [ 10} 15 20 30 45 | 60 75 100 | 126
| Pipe diameter (in) | 3.4 | 3.8 |59 [ 7.9 | 11.
~_Area(m’)

Lo ol 10 16
oo |aa] 16 240
-i-;D_Ef)th (n_‘n)'::'.{)l'{? : gg . ?g
o TasfovE 118 | 265
a5l 426 196 |:442:
|90 151 | 236 | 530
140 12201 3447|707 - 827.| 6362 (1131 31/ 19087
50 |-251.] 393 | 884 | 1571:| 35341 795214137 [22089| 39270161359

{Force <50 kgf _ I _ _
. |Force 250 kgf <200 kgf | 7 oo L
“|Force 2 200 kgf < 350 kgf | - R .

Force=350kgf =~ '

AR ‘Figure F.2: Force due fo differential pressure - calculation matrix (fresh water)

M~

-
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K3 " Water flow through a haﬁard (m*s™)

!

Pipe diameter (m) | 0.08 | 0.10.] 015 | 0.20 | 0.30 | 0.45

0.60

0.75 |

Pipe diameter (cm) | - 8 10 |-15 | 201 30 | 45

60

75

Pipe diameter {in) | 3.1 | 3.9 | 59 | 7.9 11.8 { 17.7

23.6.

29.5

0.283

0.442

T Area(m? -] |0.005]|0.008[0.018]0.031}0.071|0.159

el npa oo lopelipanl oo

TT0] 0021003006014 037

o Tas[0.03] 004 [00 [ 047|038 | 0.

177

2,77

~ o 70|03 005 041 020 | 044 | 1.00
AN R 3.0|0.04 { 0.06 {014 | 0.24 | 0.54 | 1.22

2.47

3.39

2.80°

438 | 7.

" ”’,Sepm (;1') |s.0]0.05[0.08]0.18]031]0.70] 158
o 110007 [ 011 025 | 0.44 | 0.99 [(2.23

3.96

619

e e 510,09 | 643 [ 0.30 [-0.54 | 1.21 [2.73

485/

7.58 |13

et s o1 07 [ 6.3 | 070 | 187 | 352,

30| 01210.19 /043 | 0.76 { 1.72 [ 3.86

6.86.

10.72| 19.062

140|044 0.22| 050 | 0.88 | 1.8 | 446

7.92.

12.38]:

50| 016025055098 ]| 221|498

8.8

13.84|24.6

< 085mest Ny
2085<336m>hs’ |
>335<1346m>s | .~
v 21345<290m>s" | E
2200m%s’

- -

o 3_: : f_Fz_'gUre F.3: Esi'fmat'i_ohfof water flow through a hazard S

KT

B4 - - Minimumsize of DPDZ (m)

4 4y~ -~ | Diffefential pressdre '
Flow (m*s7) = - Danger Zone (m)

" |Flow <0.85 m*s” 0.5
Flow 2 0.85<3.35m™s" B

"~ fFlow 2335 <1345 s | o 2
" |Flow 2 13.45 < 29.0m*s™
|Flow 229.0m*s”

o

- Figure F.4: Estimation of minimum DPDZ for.a known flow .
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