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Findings:

I find that Philip Andrew Gray died on 9 February 20L3 at a
location in the Tasman Sea approximately seven nautical miles
east ofBarrenjoey Head, Palm Beach, NSW due to a
combination of drowning together with decompression illness
following a convulsion secondary to oxygen toxicity at a depth
of approximately 55 metres below sea level.

Recommendations:

To Ambient Pressure Diving plc (UK):
I recommend that Ambient Pressure Diving consider:

[a)

Amending the user manual to warn divers that if a
cell warning is reading a consistently high PPO2
level, this may be an indication of impending
oxygen toxicity and that a full diluent flush is
needed to check;

(b)

Redesigning the cell warning alarm so that a
sustained high PPO2 reading triggers an alarm
that cannot be suppressed,

To the International Association of Rebreather Trainers:
I recommend that the Association circulate a warning to
users of CCR units that a sustained high PPO2 reading
should be checked by divers and not be assumed to be an

aberrant or unserviceable cell.
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IN THE CORONERS COURT
GLEBE
SECTION B1 CORONERS ACT 2OO9

REASONS FOR DECISION

lntroduction

L

This is an inquest into the death of Philip Andrew Gray, a highly respected technical diver
who suffered a catastrophic failure of his underwater breathing apparatus while
undertaking a deep dive off Barrenjoey Head on 9 February 2013. Mr Gray was using an
Inspiration Evolution Closed Circuit Re-breather unit manufactured by Ambient Pressure
Diving Limited a company based in the United Kingdom.

2.

Much of what follows concerns technical issues. How and why the closed circuit
rebreathing unit failed will be discussed in detail below, But at the heart of this case,
however, is a man whose family and friends shared his love of the sea and diving and who
now mourn him, That such a skilful and experienced professional diver should lose his life
so suddenly and prematurely is not only tragic for his family and friends but shocking and
confusing for the wider diving community to which Philip Gray was so attached.

3.

As Mr Ranken, Counsel Assisting, put it so eloquently in his opening address to the court,
"The loss of such a highly experienced and respected diver must bring a degree of disquiet
and disbelief amongst those who knew Mr Gray and share with him his passion for

technical diving. The question "How?" lingers." Because that question needs to be
answered, this inquest has been held.

Philip Andrew Gray
Philip Gray was 41 years of age when he died. Mr Gray lived with his partner of six years,
Ms Terri Richards and her children. She met him through diving and their mutual love of
the sport brought them together as a couple.
Philip Gray was a highly experienced and qualified technical diver. He had been diving
since he was about 20 years old and had attained a number of major diving certificates,
He was qualified to instruct on numerous activities, including:

o

Nitrox flT);
Advanced Nitrox (lT);
Decompression Procedures fl T);

o

Extended Range flT);

a

Inspiration Air Diluent flT);
Inspiration Air Diluent Decompression [T);
O2ptima Air Diluent flT);
Discovery MK VI Air Diluent (lT)

o
o

a

o
a
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6.

As at Febru ary 20L3, Mr Gray had been operating his own diving instructing business

called "Sting Ray Divers" for over 10 years. He was particularly interested in and skilled at
deep diving with closed circuit rebreathing apparatus. He was so highly regarded as an
instructor in its use that he was contracted to train NSW Police divers in the techniques
and skills,
7.

More importantly, however, he was admired as a person for his generosity of spirit, his
humanity and his strength of character. Those who knew him well miss him very much.

The corone/s function and the nature of an inquest

B.

A coroner's primary function is to investigate sudden and unexpected deaths and,
possible, make findings as to:

o
o
o

if

The identity ofthe deceased person
The date and place ofthatperson's death
The manner and cause of that person's death.

9.

There is no controversy in this case in relation to identity, date or place of death.

10.

The real questions in this inquest concern the cause and manner of Philip's death
did it come about? What were the circumstances that led to his death?

LL.

An inquest is different from most other court cases. It is not a trial but an inquiry. The aim
of these proceedings is to get a truthful, frank and full account of what happened to Philip
Gray. The purpose is not to find someone to blame but to discover what factors
contributed to his death and to learn anything that might prevent such a tragic outcome in

- how

the future.

lssues

12.

There are two main issues to be explored in this inquest: first, the physiological cause of
Mr Gray's death and, second, the manner of Mr Gray's death with a particular focus on the

functioning of the closed-circuit rebreathing unit.

The background

13.

On 9 February 20L3, Mr Gray was instructing two students

- David Wood and Martin
Lukac, both of whom were themselves experienced divers. The proposed dive was part of
a course they were undertaking with Mr Gray to gain their certification on the use of
advance trimix closed circuit rebreather (CCR) units. The course was focused on the
fundamentals concerning the use of hypoxic gas mixtures at depth and the theory of using
mixed gases when diving, It is known as hypoxic trimix because it involves the use of gas
mixtures comprising less than 1B per cent oxygen, and varying quantities of helium and
nitrogen,

14. The dive on 9 February 2073 was the third dive of the course, which had commenced in
early January 20L3. A previous [second) dive for the course had been conducted on27
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January 2013 and the third dive had originally been scheduled for 2 February 2013, but
was postponed due to unfavourable weather conditions,

'J,7. Mr Gray had used the same CCR Unit on that previous

dive and successfully calibrated the

unit shortly prior to the dive on27 January 2073.

18.

The data downloaded from the unit's on-board computer relating to the 27 fanuary dive
disclosed that at least one of the cells [Cell 3) was displaying the characteristics of a
current-limited cell if not throughout the dive, certainly by the latter part, to the extent
that a cell warning was triggered, which Mr Gray appears to have manually suppressed a
number of times.

79.

Following that dive, the unit was successfully calibrated on the evening of 7 February
2013 but no further calibration was undertaken prior to the dive on 9 February 2013
despite two "MUST CALIBRATE!" warnings.

20. This failure to calibrate is at odds with what is known about Mr Gray's general practice
before diving. He had calibrated the unit either shortly prior to or at least within the 24
hours prior to previous dives,
The dive

2L.

metwith Mr Wood and Mr Lukac as well as
four other divers [Robert Main, Iain Third, Cameron Thomas and Dennis Ciaciarelli) at the
Careel Bay Wharf. Mr Gray had chartered the use of a boat - Munkie Magic - operated by
another dive instructing business, Scubamunkies to take the group to the proposed dive
site: the wreck of the Tuncurry, approximately seven nautical miles east of Barrenjoey
Head and at a depth of 61 metres in the Tasman Sea. Mr Gray had previously chartered
the boat for the dive on 27 February 20\3.

22.

In addition to the divers, those on board included the owner of Subamunkies, Mr Matthew
Hopkins and the skipper, John Alldritt. Neither of those gentlemen participated in any
diving activities that day.

23.

Messrs Main, Third, Thomas and Ciaciarelli were divers undertaking their own dives and
were not under the instruction of Mr Gray, although everybody recognised that Mr Gray
was likely the most experienced diver on board. Consistent with International Association
of Rebreather Trainers requirements, Mr Gray was responsible for instructing only two
divers - Mr Wood and Mr Lukac.

24.

After

On the morning of 9 February 2073, Mr Gray

a

short delay the party set off sometime between about 7:LS am and 7:30 am.

25. The on board computer of the CCR Unit used by Mr Gray was switched on at about
7:38 am, at which time a "MUST CALIBRATE" warning was displayed. As it happens, Cell 2
was displaying a PPO2 between 0.05 and 0.07 bar higher than the other 2 cells, which
were within 0.02 bar of each other. Evidently, Mr Gray selected "No" and did not calibrate
the unit at that time despite it being the second such warning since he previously

calibrated the unit two nights previously.
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26.

0n the way out to the dive site, Mr Gray held a briefing with Mr Wood and Mr Lukac
concerning their proposed dive plan and the particular training drills Mr Gray expected
them to perform during the course of the dive. In this regard, the major drill intended to
be performed was to involve Wood and Lukac performing an ascent on open-circuit using
a bailout contingency plan to simulate an emergency where the diver is required to go off
the CCR breathing loop.

27. The dive party reached the location just before B:00 am and entered the water shortly
thereafter.

28.

Upon entering the water, Messrs Wood, Lukac and Gray met at the vessel's anchor line
where Wood and Lukac performed an air- sharing exercise at the surface, observed by Mr
Gray. The three of them then descended approximately five metres at which point Mr
Lukac and Mr Wood conducted a bubble check on each other, checking for any equipment
leaks. They both then performed a high pressure oxygen test by flushing their CCRs with

their on board oxygen.

29.

The three divers then descended to about 10 metres, where they switched from a set

limit

of 0.7 bar to 1.3 bar.

30.

The water current was quite strong and the descent took a

little longer than anticipated,

It took about 14 minutes to reach the bottom,

31.

Upon reaching the bottom, it was apparent the anchor had dragged from the wreck. In
fact, the wreck was not visible from the position of the anchor. They nevertheless located
it approxim ately 20 metres up-current from the anchor.

32.

The extended time required to reach the bottom and locate the wreck reduced the divers'
available bottom time to explore the wreck to between four and six minutes, at the

conclusion of which they returned to the anchor to prepare for their ascent and the major
skill for the dive.

33.

Concerning Mr Gray, up to this point nothing untoward was apparent to either Mr Wood
or Mr Lukac.

34.

Mr Lukac and Mr Gray then ascended several metres up the anchor line while Mr Wood
detached and secured his reel. Mr Gray then initiated the signals for the major skill to
Mr Lukac by pointing to him and then moving his bladed hand across his neck which is
the universal signal for being out of air.

35.

Mr Lukac then switched over to his bail-out valve and changed his handset computer to
open-circuit bailout. Shortly after completing that drill and commencing his ascent on
open circuit, Mr Gray came to him and relayed the signal to stop the exercise and return to
CCR, which he did.

36.

Mr Lukac then saw Mr Gray manipulate his own equipment and attempt to switch over to
his bail out valve before ditching the CCR breathing loop and putting the yellow jet stream
regulator fìtted to a separate open-circuit (OC) diluent cylinder.
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37.

It appears that Mr Gray may have taken a few breaths from the off-board 0C diluent
before apparently suffering a seizure during the course of which the regulator was
dislodged from his mouth.

38,

Upon seeing that, Mr Lukac attempted to force the regulator back into Mr Gray's mouth
but was not able to do so because of the seizure. After the seizure had finished, Mr Wood
also attempted to force Mr Gray's mouth open to insert a regulator, without success.

39.

Mr Lukac decided they needed to get Mr Gray to the surface. He tried to inflate Mr Gray's
buoyancy control device IBCD), but it did not inflate because it was not connected to the
air, He connected and inflated the BCD and Mr Gray began to float upwards. Mr Wood
followed him to the surface contrary to his own decompression obligations.

40.

At about B:30 am, Mr Gray reached the surface.

The immediøte

aftermath

4L

lmmediately upon Mr Gray surfacing, those aboard Munkie Magic took action to retrieve
him from the water and attempt resuscitation. Mr Alldritt also made contact with
Const. Broadbridge and S/Const Winter of the Broken Bay Water Police, who immediately
responded by launching in Water Police Vessel 42 and proceeding to the site.

42.

Contact was also made with Air Rescue and an air ambulance was deployed.

43.

Upon their arrival at the scene, Const Broadbridge arranged for Mr Gray to be transferred
onto the police vessel where there was more space and, with the assistance of Mr Wood,

continued with CPR.

44.

The air ambulance arrived shortly afterwards and dropped a doctor (Dr Healy) and a
paramedic on board. Dr Healy and Const Broadbridge continued with resuscitation
attempts for a further five minutes until Dr Healy confirmed that Mr Gray was not
showing any signs of life and pronounced him deceased, The time was 9:28 am.

Investigations by Senior Constable Brendan Nix

45.

0ne of the investigations of the incident involved an examination of the equipment used
by Mr Gray during the course of the dive. Those investigations and examinations were for
the most part conducted by Senior Constable Nix.

46.

As a result of those examinations, all components of the CCR unit and other equipment

were found to be functioning adequately except for the oxygen cells, specifically Cells 1
and 3, which were found to be current-limited to the extent that their average was
consistently below a set point of 0.7 notwithstanding being subjected to near 100 per cent
oxygen at an ambient pressure of 1.6 bar. This resulted in the two current-limited oxygen
cells dominating the solenoid activity and the controller interpreting the oxygen to be low
and attempting to increase it by adding oxygen to an already hyperoxic breathing loop.

47.

Those investigations also established that both Cells 1 and 3 were 40 months old and Cell
2 was 17 months old.
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Cause of death

48.

Dr Rebecca Irvine of the Department of Forensic Medicine performed an autopsy of Mr
Gray on the morning of 11 February 2073.

49.

Dr Irvine concluded that the direct cause of Mr Gray's death was probably drowning,
although this was precipitated by a seizure experienced as a result of the effects of oxygen
toxicity at depth underwater.

50.

Dr Andrew Fock, a specialist in hyperbaric medicine and a very experienced closed-circuit

diver himself, expressed the view that Mr Gray died from a combination of fulminant (that
drowning after suffering from an oxygen
toxicity seizure while diving using a closed-circuit re-breather unit.
is, severe and sudden) decompression illness and

51.

Those opinions differ only in respect of the role that may have been played by the sudden
and severe decompression illness in causing the death. Dr Fock gave evidence that while
there was some evidence at autopsy that was potentially consistent with decompression
illness as a direct cause of the death, it was not conclusive.

52.

Dr Fock's reluctance to attribute the cause of death solely to drowning is due to the fact
that the extremely high levels of oxygen to which Mr Gray had been exposed were such
that he would have expected his haemoglobin, myoglobin and tissues would have been
sufficiently saturated with oxygen that he was unlikely to have become immediately
hypoxic. He considers that there would have been a reasonable chance of successful
resuscitation if submersion had been the only operating factor.

53,

Dr Fock also gave evidence that the decompression illness would have impeded
resuscitation efforts because the amount of gas being released from the bloodstream and
tissues would have been too much to dissipate with CPR alone. It was a race against time
that would inevitably be lost without recompression during CPR.

54.

Nevertheless, Dr Fock acknowledged that drowning was a direct cause of death and wouìd
certainly have been the sole direct cause of death had Mr Gray remained at depth.

55.

As Dr Fock described it, Mr Lukac and Mr Wood found themselves 'between the devil and
the deep blue sea'. If they did not get Mr Gray back to the surface he faced the certainty of
death by drowning at depth. The alternative still carried a risk of drowning but with some
prospect of resuscitation. However, it also carried the real prospect of a death caused by

the illness from an uncontrolled rapid ascent.

56.

Dr Fock accepted that it was difficult to discern between the two
direct cause of death.

57.

For these reasons, but with a degree of caution, I have concluded that it is more likely
than not that the cause of death of Mr Gray's was a combination of drowning together with
decompression illness following a convulsion secondary to oxygen toxicity.

tel

as

to which was the more

The closed circuit rebreathing unit

58.

The more difficuìt issues relate to the manner of Mr Gray's death and the CCR unit. In
particular, this inquest has asked and sought to answer the following questions:

[a)

How was the CCR unit intended to function, particularly in so far as its safety
systems are concerned?

(b)
(c)

How did it actually function during the course of the dive?
To what extent was the functioning of the CCR unit during the course of the dive
affected by particular understandings and practices on the part of Mr Gray
concerning the functioning, maintenance and checking of his equipment particularly

in relation to the replacement of oxygen cells and calibration of the unit?

(d)

To what extent were the actions of Mr Gray both as recorded by the CCR unit's on-

board computer and as observed by those divers in close proximity to him
consistent with how a diver of his experience might be expected to have acted?

[e]

If they were not consistent, what are the possible explanations as to why he did not
act as one might expect a diver of his experience to act?

(Ð

Was there some scope for misinterpretation of the information he was receiving

from the CCR Unit?

tg)

To what extent did the manner in which the CCR unit functioned on the day

contribute to Mr Gray's death?

How was the closed circuit re-breather un¡t meant to function?

59.

Many people are familiar with ordinary SCUBA diving, which involves the use of open
circuit [OC) breathing apparatus. An OC apparatus typically involves the use of
compressed gas that is delivered to the diver via a regulator. The composition of the gas is
the same as ordinary air - generally about 20 per cent oxygen, 78 per cent nitrogen and 2
per cent other gases (argon, carbon dioxide etc).

60.

The only gas that is metabolised by the human body is oxygen. All other gases are either
exhaled or, depending on the pressure ofthe surrounding environment acting upon the
person, may be absorbed into the person's bloodstream or tissue fluids. However, when
we take a human breath, we do not metabolise all of the oxygen we have inhaled. In fact,
much of it is exhaled back into our surrounding environment.

67.

This has a number of consequences for divers using open circuit breathing apparatus. For
example:
Much of the oxygen the diver brings with him or her is wasted, in the sense that it is
simply exhaled into the surrounding water during the course of the dive;
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At the same time as an OC diver descends to greater depths, the ambient pressure
requires the diver to consume greater amounts of air to maintain the necessary
partial pressure of oxygen [PP02)1 to sustain life;
Increased quantities of nitrogen are absorbed into the diver's bloodstream and
tissue fluid, which then requires a long decompression period and increased risks of
decompression illness and/or arterial gas embolism in the event of an overly rapid
ascent.

62.

In shorÇ OC diving at depth may require the diver to carry a significant amount of gas and
to endure a potentially lengthy ascent time, It also limits the depths to which the diver can
descend.

63.

A CCR Unit overcomes, or at least minimises, many of these disadvantages. Generally

speaking, a CCR unit has three life-supporting functions:

It provides a water tight breathing circuit or loop from which the diver takes
breaths;

It controls the oxygen level, specifically the PPO2 in the breathing loop;
It removes carbon dioxide from the expired breath so that the remaining expired
breath can be re-breathed.

64.

The CCR Unit consists oftwo gas tanks - one containing near 100 per cent oxygen and one
containing a mixture of gases, usually, oxygen in amounts less than 20 per cent, helium
and nitrogen. This is called a diluent. In this case the gas mixture of the on-board diluent
was 33.5 per cent helium, L9.4 per cent oxygen and 47 per cent nitrogen and other inert
gases.

65.

The use of gas mixtures helps to reduce the narcotic effects of nitrogen and to decrease
the amount of time required for decompression on ascent. A diluent is also necessary
because exposure to high oxygen can lead to oxygen toxicity. A high oxygen or hyperoxic
mix is any breathing mix with a PPO2 greater than 1.6barz.

66.

The gas from the two cylinders is supplied to a pair of 'counter-lungs' which sit on the
outside of a diver's torso, roughly in line with the diver's own lungs, Counter-lungs are
part of the re-breather loop. They are designed to change in volume as the diver breathes
by the same amount as the diver's tidal volume of breath. The loop expands and contracts
as the diver breathes so that the total volume of gas in the lungs and the loop remain
constant throughout the breathing cycle. The supply of oxygen from the diver's tank is

controlled by a solenoid valve.

In a mixture ofgases, the proportion oftotal pressure contributed by each gas is its'partial pressure'.
A'bar'is one Barometric Pressure Unit, which slightly less than one Atmosphere or one unit of
atmospheric pressure at sea level.
1

2
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67.

When a diver using a CCR Unit takes a breath and exhales, the expired breath passes
through a water trap to remove excess moisture and then passes through a carbon dioxide
absorbent or scrubber to remove carbon dioxide,

68.

It then passes across the oxygen sensors, which measure the PPO2. The oxygen sensors in
the particular CCR Unit used by Mr Gray on 9 February 2013 comprised three cells, which
operate like batteries. As the expired breath passes across the cells, a reaction occurs that

allows the development of a current that is proportional to the rate of oxygen
consumption. In short, the output of the cell [measured in millivolts [mÐ) rises linearly
as the PPO2 rises until the cells reaction limit is reached.

69.

The current output of each cell is measured by two controllers - called 'Cl-' and 'C2' -- and
the CCR unit's onboard computer system translates that to its corresponding PPO2 value
expressed in bar units, Ordinarily C1 is the Master Controller andC2 is the Slave
Controller. While the Master Controller determines the functioning of the solenoid valve,
the Slave Controller constantly monitors the Master and automatically promotes itself to
Master should C1 fail to noti$r the Slave of its existence or is manually promoted by the

diver, The Slave controller also independently generates certain warnings when
appropriate.
Control of oxygen supply - voting logic

70.

When acting as the Master controller, C1 will control the operation of the solenoid valve,
which in turn controls the supply of "pure" oxygen to the head of the CCR and then to the
associated counter lung and hence the CCR breathing loop. This is dictated by a voting
logic as between the PPO2 levels detected and communicated by each of the three oxygen
cells as follows:

(a)

The diver manually sets the desired PPO2
PPO2 set

limit, The diver can switch from

one

limit to another manually or can program the unit to do so automatically

upon reaching a specified depth.

(b)

The controller receives the PPO2 as detected by each of the three cells.
determines which two of the three are closest in value.

[c)
td)

The two cells with the closest PP02 reading "outvote" the third cell.

[e)

If the average is greater than the set limit, the solenoid valve remains closed and no
additional oxygen is introduced into the breathing loop,

(0
tg)

It

The controller then takes an average of the two closest PP02 readings and
presumes that to be the PPO2 in the CCR breathing loop.

If the average is more than 0.1 bar lower than the set limit, the solenoid valve opens
to introduce additional oxygen into the breathing loop.
Once the PPO2 reaches 0.1 bar below the set limit, the solenoid closes for three
seconds. The PPO2 is then measured again and, should the PPOZ lay within the

bar control zone, the solenoid is opened for
the PPOZ is from the set point.
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0.1-

a variable period depending on how far

Cu r re

nt- limite d o xyg en ceII s

77.

There is an important limitation relevant to this process. The output of an oxygen cell will
rise linearly as the PPO2 rises until the cells reaction limit is reached. In a new oxygen
cell, the reaction limit is typically at approximately 3.5 bar, Over time, however, the lead
anode within the cell is consumed and the maximum cell output is reduced. This means
that the amount of current the cell is able to produce becomes limited and may no longer
rise linearly with the rise in PPO2, It becomes current-limited.

72.

Furthermore, because of the physical design of the cells, the output of the cell will remain
relatively constant until close to the end of the cell's life. This means that the failure of the
cell can happen relatively quickly.

73.

For this reason, AP Diving has stipulated in its user manual that oxygen cells must be
replaced when they are between 12 and 1B months old. The user manual also includes the

following warnings:

o

"lt

o

"Once a cell is current-limited below 7.6 bar then

ís extremely dangerous

to use oxygen cells older than

the rebreather, below the set point

o

1.8

months" [page 119);

it will start to affect

the

function of

it will affect the oxygen addition" (page 119);

"WARNING! - Avoid current-limited cells

-

never use en oxygen cell older than 78

months" [page 119);

.

"WARNING!

-

To use old oxygen cells is "Russian Roulette". The cell

will be current-

limited at dangerous leveÌs at some time in the future" (page 119).
Heads Up Display (HUD) and Wrist-mounted Display

74.

Connected directly and separatelyto each ofthe controllers is a pair ofLEDs - one green,
one red (4 in total) mounted on the HUD, which is located on the mouth piece and

therefore in the diver's field of vision, The manner in which the LEDs behave convey
information to the diver about how the CCR unit is functioning and also communicates
particular warnings,

75.

In addition, the CCR Unit has a backlit wrist-mounted display that provides detailed
information concerning the operation of the unit, including the PPO2 readings for each
oxygen cell and particular warnings, two of which were critical in this case.

Wørnings - High oxygen ønd cell warnings

76.

If the PPO2 in the breathing loop, as determined by the average of the two cells with the
closest readings, reaches or exceeds 1.6 bar, a high oxygen warning will be triggered. This
manifests as one or both of the red LEDs on the HUD flashing quickly and the words "HIGH
OXYGEN" being displayed on the wrist-mounted display. In addition, an audible alarm is
activated.
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77.

It is not possible for the diver to suppress a high oxygen warning, which will remain until
the PP02 is reduced below 1.6 bar.

78.

If the reading of the cell that is outvoted by the two cells with the closest PP02 readings
deviates more than 0.2bar from the average of the other cells, a cell warning is triggered.
This causes both the red and green LEDs to flash together on the HUD and the words
"CELL WARNING" being displayed on the wrist-mounted display. An audible alarm also
sounds,

79.

However, unlike a high oxygen warning, it is possible for a diver to suppress or mask a cell
warning by manually pressing a button on the wrist-mounted display. Upon doing so,
both the HUD and buzzer warnings will be suppressed for up to five minutes, The wristmounted display will continue to display the words "CELL WARNING" until the reading of
the outvoted cell is within 0.2 bar of the average of the other celìs.

80.

If the disparity is not corrected within five minutes, the HUD cell warning signal and
buzzer will be reactivated. Again, the diver may manually suppress or mask those

warnings for a further five minutes.

Calibrøtíon and Cell Validation

81.

Because atmospheric pressure changes continuously, the oxygen cells need to be
calibrated prior to each dive to apply a calibration factor to each cell so that they read the

correct PPO2,

82. The calibration

sequence involves surrounding the cells with oxygen at a known
atmospheric pressure [ordinarily at sea level).

83.

Every time the CCR unit is calibrated, the calibration factors are stored for future analysis,
When the user subsequently turns the unit on, the cells' stored calibration factors are used
to calculate the PPO2 based on the cells' current outputs. If, compared to the other cells,
one cell has deviated, the words "MUST CALIBRATE!" will come up on the wrist-mounted
display together with the options "Yes" and "No". The User manual provides that it is
normal to calibrate by selecting "Yes" (page 56),

84.

If the PPO2 displays are very close to each other using the previously stored calibration,
then the screen displays the word 'CALIBRATE?" with the options "Yes" and "No", The
user manual provides that there is little point in recalibrating if the apparatus has only
recently been calibrated. It is normal practice, however, to calibrate prior to every dive.

85.

In either case, if the user selects "No", the display goes straight into Dive Mode
display.

86.

If an attempt to calibrate the apparatus is unsuccessful, the words "N0 CALIBRATION NO
DIVE" will appear on the wrist-mounted display. There are a number of reasons
calibration may not succeed, including the prospect that an oxygen cell may not be
responding to increased oxygen, for example, because it is current-limited,
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Surface

87.

Although calibration itself does not involve a validation of the oxygen cells, it does provide
an opportunity for some cell evaluation. For example:

(a)

The cell values prior to calibration should be different to the values following
calibration, Following calibration they should lie between 0.7 and 1,35.

(bl

The calibration will be discontinued if the cell's output is outside the range of 7 rc
13.5 mVolts. The user manual states, "lf you see "cell out of range" on the display, the
cell MUST be changed prior to diving" (provided that the correct oxygen percentage
has been entered during the calibration process).

Downloadøble Dive Data

BB.

One final feature of the particular CCR Unit of note is that the unit's on-board computer

records relevant data concerning each dive. They can be downloaded onto a computer for
subsequent analysis. The data that are recorded includes information as to the depth, the

pre-set PPO2 limits, the PPO2 as recorded by each controller in respect of each oxygen
cell, warnings triggered on the unit, solenoid valve activity and manual operation of
particular buttons on the wrist-mounted display.

How did the closed-circuit re-breather actually function?

89,

The immediate cause of Mr Gray's oxygen toxicity was undoubtedly the oversupply of
oxygen into the CCR breathing circuit by the unit over the course ofthe dive, This exposed
Mr Gray to levels of oxygen above 1.6 bar and continued to increase from about seven
mins 50 secs into the dive. From about 21 mins into the dive, he was exposed to levels
above the unit's detectable ceiling of 2.55 bar and possibly as high as 3.67 bar.

The voting logic of the closed-circuit

90.

unit

The reason for the oversupply was a direct consequence of the voting logic of the CCR
Unit. The two closest cells - Cells 1 and 3 - were determining the functioning of the unit in
two key respects:

[a)

The average of the PPO2 levels detected by them was controlling the supply of
oxygen into the breathing loop. Because that average was consistently below the set
limit of 1,3 bar, the Unit was "fooled" into thinking more oxygen was needed when
in fact there was already too much.

(bl

The two closest cells were determining the alarms being communicated to Mr Gray.
This explains why no high oxygen alarm was triggered in circumstances where the
breathing loop was hyperoxic.

91.

Ironically, the voting logic is a design feature created due to a recognition that individual
oxygen cells are not 100 per cent reliable, may be prone to failure and have a limited life
span. It is, in fact, one of the key safety features of the unit.

92.

In this case, however, the voting logic worked against Mr Gray because not just one but
two of the cells were failing, one so badly that it was not even capable of detecting a PPO2
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up to the set point of 1.3 bar. The two cells had become current-limited, as they would be
expected to be, at the end oftheir lifespan.

The voting logic fools the diver

93. The voting logic almost certainly played a role in shaping an imperfect understanding

on
part
the
of divers - including Mr Gray - as to the potential significance of a cell warning
(as compared to a high oxygen warning) and may therefore have had an indirect effect on
the approach taken by Mr Gray when he received a cell warning.

94.

Just as the voting logic was capable of "fooling" the Unit, it seems that it was capable of
fooling users, This was evident in Mr Wood's evidence that he had never seen a cell fail

'high' before this incident. That was most telling because the cell that was detecting high
oxygen levels was not failing at all. This raises the real prospect that although the unit
was persistently sending a message to Mr Gray that something was wrong, the message
was misleading and seems to have been misinterpreted by Mr Gray as indicating a
problem with Cell 2 rather than the other two cells. Whether Mr Gray had ever previously
seen a cell fail by producing a reading that the PPO2 was very high above the set point we
do not know, but if he had seen this before, it was likely to have been a rare experience. It
appears that, because of the gradual deterioration of the lead anode, most cells failure
result in current limitation and therefore the readings are low rather than high. But
because Cells 1 and 3 were providing apparently reliable information, and Cell 2 was way
out of kilter with them, the high reading from Cell 2 probably had a confounding effect on
Mr Gray's analysis of the data he was getting from the unit.

95,

It was apparent from the evidence, particularly of Mr Wood, that when a cell warning was
triggered, it was the cell that deviated from the other two that was perceived as being
faulty. Coupled with the perception of Teledyne cells being more reliable than other cells
and the rare circumstance of two cells failing at the same time but generally maintaining
PPO2 readings that were relatively close to each other, Mr Gray's initial response [or
apparent lack thereof) can probably be attributed to a faulty perception that the two

current-limited cells were in fact detecting the correct PPO2 and Cell 2 shouìd be ignored,
at least initially, when the disparity was not so marked as it subsequently became.

Were Philip Gray's act¡ons cons¡stent with best diving pract¡ce

96.

?

Mr Gray was a much-admired and highly skilful technical diver. Evidence was given that
he was very careful and safety conscious. Yet on the day of the fatal dive, he used ageing
cells. He also did not calibrate his unit and omitted performing a high PP02 test at a depth
of six metres, although his two students did. These were unusual omissions for a person
ofhis experience, skill and reputation for safety consciousness.

The use

ofold or aged oxygen cells

97. A critical factor relating to the manner of Mr Gray's death is that both Cell 1 and Cell 3
were about 40 months old, approximately three times the recommended 'use-by' period.
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98.

This raises the question why an experienced technical diver was prepared to dive
oxygen cells so significantìy out of date?

99.

One explanation that presents itself is that he did not know they were old cells. This

with

seems highly unlikely given Ms Richards's evidence that all the maintenance of their three

Mr Gray and the fact that he had put the unit together for the
purposes of a number of the dives leading up to the dive on 9 February 20L3.
CCR Units was done by

100.

In retrospect, a number of factors relating to cells can be seen to have combined subtly to
undermine Mr Gray's safety on this dive :

(a)

There appears to have been a general consensus amongst the technical diver
community that the Teledyne oxygen cells were the most reliable and were capable
of being used beyond the recommended lifespan albeit at one's own risk;

(b)

The withdrawal of Teledyne from the cell market in 2010 created a void which

other manufacturers, including AP Diving, attempted to fill by making their own
cells. The general consensus, however, was that, at least in their early incarnations,
the AP Diving oxygen cells were not as reliable as Teledyne cells, Divers preferred
Teledyne cells, Because of their reputation for reliability, it appears that at least
some divers were prepared to deploy them past their 'use-by' dates, presumably on
a dive-by-dive basis;

[c)

The availability of alternatives to the Teledyne cells was variable. They could be
difficult to source at times;

(d)

From time to time, divers who were having difficulty sourcing oxygen cells would
contact other divers to "borrow" any cells that may have been surplus to their

immediate needs;

101.

(e)

Although Mr Gray and Ms Richards had two fresh cells as recently as December
2072, Ms Richards had in fact given those cells to some friends who were not
themselves able to source cells in the immediate future.

tÐ

In addition, one of Mr Gray's other units had been sent back to the UK for repairs
and he had lent the other to another diver.

These factors may help to explain how Mr Gray came to be using a CCR Unit with currentlimited cells. However, they do not explain why the cells were so old and there remains a
very real possibility that, contrary to the explicit warnings in the CCR Unit user manual,
Mr Gray was prepared to continue to use the Teledyne oxygen cells well past their
recommended limit. The fact that Cell 2, an AP cell, appears to have been inserted into the
unit in luly 2012 may be quite telling. As at luly 2012, the two Teledyne cells were more
than 30 months old - yet they were not changed.
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This suggests that, given the choice, Mr Gray preferred to have older Teledyne cells in the
apparatus than newer AP cells.
The

failure to calibrate immediately or shortly before the dive

I02.

It is curious aspect that Mr Gray did not calibrate the unit on the day of the dive. This is
odd because it was not only inconsistent with what he instructed his students, but it was
apparently inconsistent with what is known of his usual practice.

103, The precise reason why Mr Gray did not calibrate the unit on the day of the dive may
never be known. 0ne possibility is that it was merely an oversight on this occasion as his
focus turned to the instruction of Mr Lukac and Mr Wood and the dive briefing on board
the Munkie Magic on the way out to the dive site,

104. Another possibility -

suggested by Mr Parker of AP Diving

-

is that Mr Gray deliberately

did not calibrate at that time because he did not wish that to result in an unsuccessful
calibration. Without positive evidence supporting it, I cannot accept that hypothesis. Mr
Gray had attempted calibration on the evening of 7 February 2013. The unit calibrated
successfully and quickly. He had no reason to expect or fear that a further calibration
would be unsuccessful.

L05. Ultimately, however, it is diffìcuìt to assess how significant the failure to calibrate may
have been. It may have had an indirect effect upon the way Mr Gray perceived the
discrepancy between Cell 2 and the other two cells. If he had seen that Cell 2 was

recording a higher PPO2 when the unit was switched on shortly before the dive, Mr Gray
might have not been particularly surprised when he was later presented with a cell
warning characterised by Cell 2 deviating from the other two and reading a higher PP02.
The omission of a high PPO2 test at 6 metres

106. Another odd departure from his usual practice was Mr Gray's apparent failure to perform
a high PPO2 test at a depth of 6 metres. This is a drill that technical divers are trained to
carry out as a matter of course when using re-breathers to ensure that their units are
capable of detecting high levels of oxygen and trigger a high oxygen alarm,

L07. It is clear that Mr Gray did not perform a high PPOZ test at six metres

because if he had

done so, a spike in his oxygen levels would have been recorded at that point on the dive
graph. One explanation for his failure to do so might be that his focus was on his 2
students and making sure they were performing their tasks correctly and that he either
forgot to carry out his own drill or for some other reason decided not to carry it out.

108. The testimony of both Mr Lukac and Mr Wood was that in carrying out the drill the diver
is primarily interested in triggering of the high oxygen alarm as that would indicate to
them the test had succeeded. Mr Wood did not have an actual recollection of his alarm
going off when he conducted the high PPO2 test on 9 February, but assumes that it must
have because otherwise Mr Gray would have approached him about it before allowing him
to continue.
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109. Mr Gray's oxygen levels were recorded spiking when he got to a depth of about 10 metres
at which point his unit automatically switched from the low set point of 0.7 to 1.3 bar.

That spike was suffìcient to set off a high oxygen alarm at least momentarily.

110. It would

be pure speculation to suggest that Mr Gray had purposely set his unit to do so as
a means of achieving the same result as a high PPO2 test - as a sort of linearity check on

the run while focused on the task of supervising his students. Nevertheless, the facts that,
as would be expected, the oxygen levels did spike when switching to the high set limit at
that relatively shallow depth and that the spike was sufficient to set off the high oxygen
alarm - even momentarily - may have given Mr Gray confidence that his cells were
functioning properly and were capable of exceeding the set limit and detecting high levels
of oxygen.

111. This may in turn have affected his approach to the subsequent cell warnings and his
repeated suppression of them.
The misdiagnosis of, and response to, the

ILZ.

cellwarning

From an early stage in the dive, Mr Gray received essentially a continuous cell warning,
indicating that one of his cells (Cell 2J was more than 0,2 bar out of alignment with the
average of the other two cell. He suppressed it on five occasions.

1-13, Notwithstanding that neither Mr Lukac nor Mr Wood recall hearing Mr Gray's alarm, the
evidence that it was activating is, in my view, conclusive and proven by the dive graphs. It
is also supported by other circumstantial evidence. First, with the exception of the first
alarm, on each subsequent occasion the alarm was triggered it was suppressed within a
matter of seconds. Second, both Mr Lukac and Mr Wood were focused on what they were
doing as part of their dive. Third, in the case of Mr Lukac, he was diving with a different
unit that did not have an audible alarm and had become accustomed to not paying
attention to the audible alarms on other divers' units. Fourth, in the case of Mr Wood, he
did not have an actual recollection of his own alarm when he conducted the high PPO2
test. Fifth, the fact that Mr Gray took action to suppress the alarm suggests that an alarm
had been triggered or at least his attention had been drawn to the cell warning.

174. It is apparent from the dive graph that initially at least for a period, the disparity between
Cell 2 and the average of Cells 1 and 3 remained reasonably constant - at least up to the
first two suppressions of the alarm by Mr Gray. However, by from about the 11- minute
mark the PPO2 as detected by Cell 2 started to rise gradually and the degree of disparity
between Cell 2 and the average of the other cells increased.

115.

In her evidence, Terri Richards described divers at times treating cell warnings in an offhand manner -- "just a cell warning". This suggests a perceived hierarchy of warnings, cell

warnings not being considered as serious as a high oxygen warning. That is another
matter that may have played a role in Mr Gray's approach to the cell warning, at least in
the initial stage.

116. Another relevant factor may have been Mr Gray's continued focus on observing what his
students were doing as they were descending the anchor line. Mr Lukac stated that, due
[1e]

to the strong current, they descended holding onto the anchor line and much of his
attention was focused upon what he was doing. The strong current was not inherently
dangerous but it added complexity to the dive and shortened the time available at the
bottom. The current increased the importance of paying close attention to maintaining the
integrity of the diving group as they descended on the anchor line and may have absorbed
much of Mr Gray's powers of concentration during the descent and on arrival at the wreck.
Mr Gray may have considered the alarm, which would have been intrusive, as an
unnecessary distraction from the more important question of maintaining a vigilant watch
over his students. It may have been for this reason that he chose to suppress the cell
alarm on the descent,

I77.

That does not, of course, explain why Mr Gray took no action to respond to the cell
warning once on the bottom and particularly once at the wrech where no drills were
being performed. It is evident that no diluent flush (partial or otherwise) was performed
at least over the period from the time Mr Gray reached the bottom until the PPO2 levels as
detected by Cell 2 had reached the ceiling of 2.55 bar. If a diluent flush had been
performed, then at least the PPO2 as detected by Cell 2 would have dropped down to
about the level of set point. Yet during that period, he suppressed the alarm a further
time.

118. The standard drill for managing

warning is to conduct a full diluent flush - 'Check,
Flush, Re-check!' If Mr Gray had performed a full diluent flush we could expect to see a
drop in the PPO2 for Cell 2 down to about or a little above the set point limit of 1.3 bar.
This did not happen so we can conclude that Mr Gray did not perform a full diluent flush.

179.

a cell

In my opinion, the most likely explanation of his omission to carry out a full diluent flush
is that Mr Gray had been fooled by his understanding of the voting logic and thought

that

Cell 2 was incorrectly reading his PPO2 levels, particularly having regard to the closeness
of the levels being recorded from other two cells. He may also have allowed for some

deviation because he had not recalibrated the unit when he turned it on shortly prior to
the dive.

120. What is clear, however, is that a number of Mr Gray's button activations were not
associated with suppression of the alarm and could have been caused by Mr Gray using
the button to light the wrist-mounted display so that he could check the figures to
diagnose the problem.

IzL.

Once the PPO2 level recorded by Cell 2 had exceeded the ceiling of 2.55 bar, the issue
possibly becomes less clear. Dr Fock accepted that a diver might be reluctant to perform a
full diluent flush at depth because it would involve using a signifìcant portion of the
diver's diluent. Given the long ascent time, divers would understandably be reluctant to
flush away more diluent than absolutely necessary. Furthermore, if a diver in that
circumstance had performed a partial diluent flush, there was a real possibility that he or
she would not see any change in the values across all three cells.

L22. If Mr Gray

had done a partial diluent flush and there was no apparent change in values
because the real PPO2 level had come down but not as far as the ceiling of 2.55 bar in Cell
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2 and the others were current-limited, he would have been none the wiser as to what the
problem was. And such a flush would not show up on the dive graph,

I23.

If, however, Mr Gray thought that he had identified the problem without performing a full

diluent flush, and his working diagnosis was that it was 'just a cell warning', why would he
bother conducting a partial flush that he would know would not necessarily tell him
anything much anyway, especially if there was a long ascent ahead? It seems unlikely that
he would do that.

What are the possible explanat¡ons for Philip Gray's actions?

t24.

In my view, the kind of thinking with which we are concerned in this case has been
described by psychologists as the cognitive error of 'confirmation bias'. Human beings
have a tendency to interpret data in ways that confirm our preconceptions, which are
based on our experience. In other words, we learn to see patterns in events or the
environment, As we build our experience through life, we tend to see what that
experience has taught us to expect to see. So, for example, doctors are trained by working

in hospitals where they see large numbers of cases and become familiar, due to repetition,
with the patterns of signs and symptoms that enable them to diagnose diseases and other
conditions.

125. We also tend to filter out what our experience has taught us is improbable. And we often
ignore things of which we have little or no experience if they do not disrupt the pattern we
think we are seeing. g Paradoxically, a novice seeing what Mr Gray was seeing in the data
about Cell 2 would probably have paid it more attention because it would seem alarming
and hard to interpret. 0n the other hand, Mr Gray, due to his vast experience, was
apparently able to construct an interpretation of what he was seeing, although his solution
to the problem was incorrect.

126. Another similar cognitive error that may be applicable here

is known as 'anchoring'.a This

is the tendency to over-rely on one piece of information, especially information that is our

first piece of information on the relevant subject, to the exclusion of other information
that is inconsistent with the information we rely on, For example, it is well-known that
first impressions can be hard to shift.

127.

His constant overriding of the cell alarm suggests that Mr Gray had made up his mind
about the problem - 'anchored' - and decided to ignore information counter to the
interpretation that he had placed on the data.

Was there scope for misinterpretation of the data?

I2B.

For the reasons outlined above, there most certainly was scope for misinterpretation. It is
unlikely that Mr Gray was reckless or careless in the way he considered the data. His

3

See Danieì Kahneman Thínking, Fastand Slow Penguin, London 2011 pp 80-81.; Jerome Groopman How
Doctors ?hink Scribe, Melbourne 2007 pp 65-66.
a See Kahneman (2011) pp 19-28; Groopman (2007), p 65
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reputation, experience and skill all suggest otherwise, notwithstanding some of the
shortcomings that have been identified in his preparation for the dive on this day.

729.

In my view, although it was mistaken, Mr Gray's interpretation of the data was a
reasonable one given his experience, the improbability of the two cells failing in the same
way at the same time and the design of the voting logic system which implied that the two
aberrant cells were recording the PP02 levels quite accurately. His experience was almost
certainly telling him that the odds of the problem being a mere 'cell warning'were much
higher than those of it being two aberrant cells outvoting one accurate cell.

To what extent did this contr¡bute to Philip Gray's death?

130.

Dr Fock gave evidence that, unlike nitrogen narcosis, divers are unlikely to notice that
they are becoming hyperoxic until they have prodromal symptoms of oxygen-related
convulsions. The interval between prodromal symptoms and convulsions can be very
short, leaving the diver with insufficient time to respond appropriately. Convulsions due
to oxygen toxicity can occur without warning and expose divers to drowning.

137.

But for the unusual coincidence of two cells failing in the same way at the same time, it is
unlikely that Mr Gray would have died on this particular day.

Conclusions
732. During the Second World War,

the Air Force had a saying that "There are old pilots and
bold pilots, but there are no old, bold pilots," Technical diving, especially with closedcircuit apparatus at great depths is a dangerous sport and occupation, No doubt there are
similar sayings in the technical diving community. Mr Gray was an 'old pilot' - a diver of
about 20 years' experience.

133. Therefore his death

has not only resulted in great sorrow and distress for those closest to

him, especially his partner Terri and their children, as well as his close diving friends, but
has shocked and disturbed the technical diving community in Australia and elsewhere. As
in the air, misinterpretations of instruments and data deep under the sea can have
dangerous consequences very rapidly. If those who get into trouble underwater have the
good fortune to survive, they learn from experience. Sadly, in this case, Philip Gray's
experience can only benefit others.

134. Although his life ended far too prematurely and in terri$ring circumstances, Philip Gray
has left an enormous legacy in the divers he has trained and in the love of the sea he has

imparted and shared with so many, and in the band of family and friends who mourn him
and think of him constantly with great love and respect.

135. Although the incident itself was a most tragic

one, the behaviour of Phil's two friends, Mr

Wood and Mr Lukac was exemplary. And Mr Wood, by risking his own health and possibly
life by ascending as rapidly as he could with Philip Gray, acted with heroism. I propose to
nominate him for an Australian bravery award.
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1,36. Finally, I hope that Ms Richards and her family, and Philip's friends, especially Mr Wood
and Mr Lukac, will accept from me the sincere and respectful condolences of the whole
coronial team who worked on this inquest. And I hope that in years to come, their man¡
much more happy memories of Philip will help soften the blow and the heartbreak they
have suffered.

Findings s 81 Coroners Act

\37.

I find that Philip Andrew Gray died on 9 February 2073 at a location in the Tasman Sea

approximately seven nautical miles east of Barrenjoey Head, Palm Beach, NSW due to a
combination of drowning together with decompression illness following a convulsion
secondary to oxygen toxicity at a depth of approximately 55 metres below sea level.

Recommendations s 82 Coroners Act
138.

To Ambient Pressure Diving plc (UK):
I recommend that Ambient Pressure Diving consider:

[a)

Amending the usèr manual to warn divers that if a cell warning is reading a
consistently high PP02 level, this may be an indication of impending oxygen toxicity and
that a full diluent flush is needed to check;

(b)

Redesigning the cell warning alarm so that a sustained high PPO2 reading
triggers an alarm that cannot be suppressed.

739.

To the International Association of Rebreather Trainers:
I recommend that the Association circulate a warning to users of CCR units that a

sustained high PPOZ reading should be checked by divers and not be assumed to be an

aberrant or unserviceable cell.

Magistrate Hugh Dillon
Deputy State Coroner
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