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Introduction

The National Research Council of Canada’s Instiimtécean Technology
(NRC-IOT) is committed to the development of tedbgges that preserve human life at
sea. Of particular importance are those technododpiat allow survival in harsh
environments, in the event of accident or systalaré&a The Institute’s Marine Safety
Research Program is wholly dedicated to the cheniaetion of safety equipment
performance in extreme conditions, for use by pe\and public sector clients to increase
the safety of those who work or travel at sea. @frtbe driving goals of the program is
to address the knowledge gap that currently ekistaween the performance of Life
Saving Appliances in the calm water conditions taeyoften tested in, and in the real
world situations in which they are often used. Tdiwing is a summary of research on
human performance in survival suits, both at NRCT-#nd elsewhere, and its

implications for safety regulation in the offshamdustry
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1.0 Review of Existing Work

A large number of individuals work or travel ovletcold ocean waters off the
east coast of Canada every day. Immersion in caleéwepresents a significant risk to
those both at leisure and at work in the counfrgnlunprotected human is suddenly
immersed in cold water, a series of physiologieaponses termed the “Cold Shock
Response” (CSR) occurs and is responsible for #genity of drowning deaths in cold
water within the first few minutes of immersion [8]pon sudden immersion in cold
water, a person can experience a large involumg@syp [4] and hyperventilation [11].
These sudden changes in respiratory responseagectiee likelihood of aspirating water
upon immersion in cold water, leading to death towahing as opposed to hypothermia,
which is defined as a drop in deep body temperatfti28C or more. Even in unprotected
individuals, hypothermia does not usually occuobef30 minutes of immersion [11].
Additionally, an increase in cardiac output is @ilby immersion in cold water [11].
While this increased cardiac output is of littlendar to healthy individuals, it can be
lethal to people with pre-existing cardiac condiiccuch as hypertension or heart disease
[17].

The best approach to protecting people from catewis to keep them out of it.
In an emergency situation, however, there is alveagisance that people will be
immersed in water. In these situations, immersiots £an greatly increase the chance of
a person being able to avoid the CSR and prolosig $larvival times. Current Transport
Canada (TC) regulations require immersion suitsetearried on board all class 9 ships
and higher in sufficient quantity so that everygoerhas one. Offshore oil installations
follow a similar policy.

Immersion suits are usually a one piece suit systeat provides thermal
protection and buoyancy to the wearer [2]. Inmersioit systems can be loosely placed
into two separate categories: marine abandonmésf and helicopter transportation
suits. The most appreciable difference betweemvibestyles of suits is highlighted in the
scope for the standard of each one. Both stylssiitd are meartb reduce thermal
shock, delay the onset of hypothermia, provide @iadde flotation and minimize the risk
of drowning [1-2]. The largest difference betwelea two suits is with respect to

buoyancy, with the marine abandonment suit notrigaai maximum buoyancy



requirement and the helicopter transportationrggjtiiring a specified minimum and
maximum levels of buoyancy.

The Canadian General Standards Board (CGSB) e=gboth helicopter and
marine abandonment suits systems to have themt#igarotective properties tested. The
thermal protective properties can be tested usthgrehuman participants or thermal
manikins. For human participant tests, deep boahpegature is measured using a rectal
thermistor; the skin temperature of the index fina@ed large toe are also measured. The
participant is immersed in calm, circulating watath a temperature between 0-2°C for
up to 6 hours. The test is terminated if the pgudict’'s deep body temperature drops 2°C
lower than baseline conditions (hypothermia), & fimger or toe skin temperature drops
below 5°C, or if the attending physician determitiest the participant should not
continue [1]. When testing with a thermal manikire suit system has to have a mean
level of thermal insulation of at least 0.75 Cle2JL Where, 1 clo = 0.18°CAfW, which
is equal to the amount of clothing insulation regdito keep a person comfortable in
21°C air moving at 0.1m’sand less than 50% relative humidity [8].

Previous work by Hayward highlights how importantnersion suits are to a
person’s ability to survive a sudden immersionaidovater. Ten males and ten females
dressed in light clothing performed immersions i@ @vater. Within 30 minutes of
immersion, the participant’s deep body temperatinopped by 2.0°C, and they
experienced a 49% increase in heart rate afterdnynutes in the water [10]. In a
subsequent study Hayward examined the effectsmieirsion in 1.0°C water on thirty
males who were wearing dry, insulated survivalssiihe mean decline in deep body
temperature was significantly less, 0.8°C ovethsiMrs, when wearing survival suits
compared to just light clothing [10]. As well, tieavas no significant increase in heart
rate for the males wearing the survival suits caegbdo the volunteers wearing only
light clothing[10-11].

As effective as immersion suits are, a knowledae gurrently exists between the
calm testing conditions used to determine a humasnal responses in immersion
suits, and a real world scenario where a persold @qperience high winds and waves.
Hayes et al. attempted to address this knowledgergporting that “Other factors which
are of importance [for survival] but are extremeifficult to quantify, are the sea

conditions of waves and splash, and the effectisgiéthe survival aids in fair and
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adverse conditions” [9]. The authors examined ffeceof wave motion on study
volunteers who were wearing a variety of clothingembles across a range of water
temperatures. The clothing ensembles varied frami-sede in 30.0°C water, to flight
suits with a Clo value of 0.84 in 7.0°C water. Bhghors found that the rate of cooling
was higher in waves in 8 out of the 10 cases tebtg#idhe results were not statistically
significant [9]. They suggest that the detrimeefécts of waves are more pronounced
when wearing little clothing, however they statattthe importance of proper neck/face
seals for suits is important in any appreciablell@ey wave motion. Hayes et al.
concluded that their study demonstrated a trendvémes to increase cooling in some
cases, but a more definitive experiment would logired.

Later work by Steinman et al. examined the effe€tt®ugh seas on the thermal
protective properties of a variety of suits, inehglwet suits, coveralls, and dry
immersion suits [16]. Calm water tests were perfminm the ocean near a set of docks
with a mean water temperature of 10.7°C, no watieracand wind speeds between 2.5-
5.0m-§". A 44-foot motor lifeboat and a 17-foot rigid hirlflatable boat generated rough
sea conditions. The boats were able to produce $v@etls, 0.5m chop, with occasional
1.5m breaks in the 11.1°C water, with wind speadging from 5-10m5 The authors
found that the rate of decline in deep body tentpegavas significant greater for some
clothing ensembles in the rough weather conditemmpared to calm [16]. Oddly, one of
the two immersion suits had a significantly greaé¢e of cooling in calm conditions
compared to rough seas. There were no significffetehces in the rate of deep body
cooling between calm and rough seas for the selcomersion suit tested. The authors
conclude that immersion in rough seas may resudignificantly lower survival times
than those estimated from calm water [16].

The results from Steinman et al.’s work suggedtrinagh sea conditions may
only significantly affect wet suit style garmerasd that dry immersion suits may not be
adversely affected. A limitation of the study ig flck of control over the environmental
conditions. Due to the random nature of the wav®macreated by both boats, combined
with the already random effects of the weathexgatild have been extremely difficult to
ensure that each of the every 8 volunteers expsrtbthe same conditions as the other. It
is possible that the lack of significant differenceooling rates between calm and rough

seas in the two styles of immersion suits coulattdbuted to variations in the
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conditions experienced by the volunteers. Thisasramon limitation of testing outside
laboratory conditions, as the environmental condgiare strongly influenced by the
weather that introduces a degree of randomizatiavhiat the volunteers experience.

A later study conducted by Tipton in a laborateeyting allowed for more control
of the conditions experienced by the volunteer$.[I8n healthy males volunteered to
perform 2, 4-hour immersions in 4°C water using thifferent styles of helicopter
passenger immersion suits. One suit did not proardeinherent insulation, while the
other was an inflatable suit that used smalbC@inders for inflation. The subjects wore
swimming trunks, short-sleeved cotton vests, woodlecks, polyester/cotton long-
sleeved shirt and long pants, and a polyesterfcpiidiover. During the 4-hour
immersions the environmental conditions consistetbem waves generated by a wave
maker, wind with an average speed of 3.Tmasd a 9 litres of water sprayed every 15
minutes on the volunteers. The mean immersion fimthe volunteers wearing the first
immersion suit was 71.5 minutes. The immersion®veaided for a variety of reasons
including low deep body temperature, volunteer estiuand low skin temperature. The
mean immersion time for the second immersion sag ©89.5 minutes, with 4 of the
participants completing the full 4 hour immersiamile the other 6 requested to end the
test early. Tipton concluded that there exists ssitdlity for calculations to overestimate
survival time if they are based on laboratory ctiods that do not recreate the stresses
placed upon a suit in adverse conditions duringghemergency. [18]. Tipton suggests
that this limitation could be reduced if laborattegts could be made more realistic,
which would result in minimizing the discrepancyteen laboratory based assessment
of protection provided by a suit, and the actued¢lef protection provided in real world
scenarios [18].

The immersion conditions used in Tipton’s study][@éan be considered
relatively mild compared to those found in the acddemarkably, both helicopter
immersion suits suffered large amounts of watekdga. The first suit had 1.32 litres of
water leak into it after only 71.5 minutes of immien, and the second had 2.2 litres [18].
A later study by Tipton and Balmi investigated hdeleterious the effects of water
leakage into suits can be [20]. Twelve male volarggerformed immersion in 10°C
agitated water wearing an uninsulated immersiohvgithh a woollen insulating garment

(“woolly bear”) underneath. The volunteers perfod2eimmersions dry, and 4
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additional immersions with 200, 500, and 1000mkater added to the suit. When
500ml of water was sprayed over the torso, it pcedua rate in drop of deep body
temperature between the 200 and 1000ml leak. Bttagdy, when 500ml of water was
applied over the limbs, it resulted in a changddaep body temperature equivalent to the
no leakage conditions. The 500ml applied to theaeesulted in a 30% reduction in
clothing insulation [20].

Tipton’s previous work [18, 20], demonstrated tiesting in calm water
underestimates the performance of suits in rouglstses. The leakage of water into the
suits in the previous studies resulted in a deergasuit insulation, which may possibly
explain the degradation in performance comparedbm conditions. Ducharme and
Brooks investigated the effects of varying waveghes on heat flow in humans at NRC-
IOT'’s facilities [7]. Six healthy males performed2©hour immersions in waves ranging
from O to 70cm in height in steps of 10cm, with #ueo immersion performed, vertically,
in calm water up to the neck. The water temperatua® 16.0°C, and the air temperature
was 16.6°C. The volunteers wore uninsulated dryémsion suits with one-piece
undergarments. Water leaked into the suits on dmf/the 54 runs, with the leakage
being estimated as only a few grams [7]. Deep lledyperature was not affected by
wave heights, but this is not unexpected giverdtimation of the immersion and
temperature of the water and air. Mean heat flow aféected by wave height; with the
larger waves (30cm and higher) producing a siganfity greater amount of heat flow
compared to calm water. Ducharme and Brooks coerdltidat the total thermal
resistance of dry immersion suits is decreaseddew, compared to calm water, and
that further studies are necessary to determinprénetical limit of this reduction [7].

A large body of work has been completed to dad¢ hlas examined the effects of
rough sea states on human thermal responses.ri&aslie has shown the importance of
immersion suits [10-11] but these were limited antwater pools. Later studies [9, 16]
began to investigate the effects of rough seasstatesolunteers, but the variability of the
environmental conditions possibly resulted in &latconclusive results being produced.
Later work [7, 18, 20] conducted in laboratory cibiods clearly showed that wind and
waves would result in degradation in immersion paiformance compared to calm
conditions. In his paper “Immersion fatalities: ldedous responses and dangerous

discrepancies” Tipton discusses the potentialdbofatory tests to over-estimate the
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performance of immersion suits [19]. Volunteersi@ened two separate immersions
wearing the same clothing ensembles; with the diffgrence being one immersion was
performed in 15cm waves, with periodic surface gipg and 3.1m:50of wind. These
mild weather conditions resulted in a 30% reducimopredicted survival time when
compared to the calm water immersions [19]. Tipttated that tests defined in a
standard must give an accurate indication of tiaellef protection offered by equipment
during an emergency.

“To do this, tests must either recreate the tagksh may have to be undertaken

and the environmental conditions which may existrdpan accident, or provide

a reliable and valid way of predicting performantsuch situations. If they do

not, then there is a danger that ‘approved’ suiliso® inappropriate, or not as

appropriate as they might be”.

Tipton [19]

The result of not considering the environmentaldittons where protective
equipment is used, and the resulting human resppndliélead to a different level of
performance compared to calm conditions. An exoetigagrammatic representation of
the results of considering or ignoring these facteas created by Tipton, and is

presented in Figure 1.
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Figure 1: Relationships between the groups involmezlirvival in the sea. Note: “Specs”
= specifications, regulations, standards, and duee (Reprinted with permission from
[19]).

It is extremely important for future studies teneate as realistically as possible
the conditions where protective equipment will Bedy and to measure the human
responses during these tests. Unfortunately, #tmsbe challenging to do as not many
facilities in the world are capable of recreatiogsistently the environments where the
equipment will be used in. While testing in the mpeean can provide valuable insight
into the performance of the equipment and humaeset trials can be extremely
expensive and difficult to conduct. Randomized smvinental conditions due to weather
can result in not all study volunteers experienthggsame sea states as the others.
Additionally there is a very narrow range of weatbenditions with sea states more
turbulent than calm water, but still safe enougtetd in.



2.0 Summary of NRC-IOT Led Work

Assessing the performance of protective equipnrergalistic conditions can be
challenging. Testing in the ocean will allow fomeasure of performance of the
equipment, but these trials can be very expensideddficult to complete. Varying
weather conditions can also result in some tesinteérs not experiencing the same sea
states as others do, which does not give an “applagples” comparison. As well, there
is a very narrow range of weather conditions whieeesea state is turbulent enough not
to be considered “calm, circulating water”, bull stafe enough to work in.

The advantage of laboratory-based tests is tHiyabi ensure that each test
volunteer experiences the same conditions as #teHewever, there are few
laboratories in the world capable of generatindilvaihd and waves of a level close to
that seen in real world scenarios.

In 2007, the NRC-IOT multi year project “Human Timal Regulation in Wind
and Waves” was proposed to examine the effectamying weather conditions on
human thermal responses. While previous studies Baamined the effect of simulated
and actual rough sea states on immersed humans;|@R&ought to add to this body of
work by using its Offshore Engineering Basin (OE@address earlier shortcomings of
these studies. The OEB is one of the few facdliitrethe world capable of generating
programmable waves up to 1 meter in height, as agelleing able to produce wind
speeds up to 10m*sBy conducting experiments in the OEB, the prdgetsearch team
was able to ensure that each participant expemktieesame test conditions as the others
did; conditions that were significantly worse titha calm, circulating water used for
current immersion suit certification.

Three separate experiments were conducted oveptirse of three years that
examined the effects of varying weather conditon$iuman thermal responses. The
first experiment was conducted in 2008, and ingestid the effects of 4 separate
immersion conditions on 12 human volunteers dutifigpur immersions. The four
immersions were in calm water (no wind or waveshdwonly (no waves), waves only
(no wind), and wind + waves (wind and waves). Tlaevspectrum used in the
experiment was created from data collected in Feigra008 from a wave buoy located

on the south west margin of the Grand Banks. Thenip@ite, irregular Joint North Sea
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Wave Analysis Project (JONSWAP) wave spectrum hadhaimum height of 0.67m,
with a wind speed of 4.24nT-swhich was matched to the sea state associatbdiveit
given wave height. Water temperature ranged fror8-1Q2.1°C, and air temperature was
between 17.6-18.5°C.

Compared to the calm immersion, all immersion domas produced a
significantly greater increase in heat flow. Theavir waves condition caused a 36.8%
increase in mean skin heat flow compared to tha aamersion, with no significant
change in water or air temperature [14].

Building upon the results collected from the fpstase of the project, the second
experiment examined the effects of varying windesiseand wave heights on human
thermal responses during 3-hour immersions. Thdirfgs of the first phase of the project
showed that immersions in environments consistirgpth wind and waves will cause a
significantly greater increase in heat flow complaieimmersions in calm water, wind
only, and waves only. The main objective of theosel experiment of the project was to
investigate if the human thermal responses chapgebrtionally to increasing wind
speeds and wave heights.

For the second experiment conducted in March 20D ®articipants performed 3
hour immersions in three separate conditions: wedter, Weather 1, and Weather 2. The
calm water condition consisted of no waves or winith a water temperature of 11.4°C,
and an air temperature of 17.2°C. The Weather dlidon had a 20 minute, irregular
JONSWAP spectrum with a maximum wave height of h3dind speed of 3.5m's
water temperature of 10.9°C, and air temperatufe/agf°C. The Weather 2 condition
have a 20 minute, irregular JONSWAP spectrum witeaimum wave height of 0.67m,
wind speed of 4.6mi"sa water temperature of 10.9°C, and air tempegaifil. 7.3°C.

Similar to the previous experiment, the two imm@rsconditions consisting of
wind and waves resulted in a significantly greaterease in mean skin heat flow
compared to the calm conditions [15]. There wersigaificant differences in the change
in deep body temperature between the three imnmecsinditions. The lack of
differences in deep body temperature was posgilthig result of the high level of
protection provided by the immersion suits used, tae relatively warm water and air

temperatures in each environmental condition. Du&ése factors, the study volunteers



own thermoregulatory responses were sufficienpfmeowith the added thermal stress
placed on them by the environmental conditions.

A third experiment was conducted in March 2010 ghamined the effect of
water leakage on the thermal responses of 12 \edusiperforming 3 hour immersions in
varying weather conditions. The objective of thiedtlexperiment was to determine if the
effects that varying weather conditions have orttieemal responses of humans are
increased due to the presence of 500ml of wat#rarsuit. The weather conditions used
in the third experiment were the same as in thersbavith water and air temperatures
being only slightly cooler in the former as comphie the later. At this time, the data
collected from the third experiment has not bedly Analyzed, but volunteers were
observed to have blue lips, intense shaking, andmgothermic level drops in deep
body temperature during the tests.

In related investigations, NRC-IOT has also cotedistudies that have
investigated the ability to use thermal manikinglétermine immersion suit thermal
protection under non-uniform cooling conditions Jjléhd the correlation of human
thermal responses to manikins [12, 14]. NRC-IOT geasicipated in a series of
international, round robin style tests tasked tewheine if thermal manikins are viable to
be used for international immersion suit approgatihg. The results of the NRC-IOT
study show that under non-uniform cooling condisi¢different water and air
temperatures), that further research would nede toonducted before thermal manikins
could be used with confidence for suit evaluatibdy] |

Before, and during, the round robin testing NRQ-I@as undertaken studies to
correlate human thermal responses to those of nmanik a pilot study, two separate
thermal manikins were tested alongside two humdueers dressed in immersion suits
in calm water. While there was some slight varmaiio heat loss between the manikins
and the humans, though this was attributed toittué the suits on the humans and
manikins. The results from this pilot study sugdkeat heat lost from manikins in the
conditions tested was a good representation oflassfrom humans [12]. A similar
study by NRC-IOT correlated the responses betweaharanal manikin and 12 humans
across four separate weather conditions [14]. Heatfrom the human volunteers
increased significantly from calm conditions wheayt were immersed in conditions

consisting of wind and/or waves. There were extigsienilar responses measured
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between the increase in heat flow in humans andkinanvhen moving from the calm
conditions to the weather conditions [14]. Whenmeixang the comparing the increase in
heat flow between calm and the wind + waves coowljtihere was only a 1.6%
difference measured between the human’s and ménikesponses. The results obtained
from the thermal manikin during these tests alswvipled more support that testing in
calm conditions will result in an overestimationp&fiformance, as the thermal insulation
of the suit (as measured by the manikin) droppéd B9 adding wind and waves without
changing the temperature [14].

The results collected so far from the NRC-IOT leawtk has established that
wind and waves will significantly increase the gonglcapacity of an environment,
without a significant change in temperature. Tegtire thermal protective properties of
immersions suits and people in calm water poolsneil provide accurate assessments of

their performance in real world scenarios.
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3.0Existing Knowledge Gaps in Immersion Suit Performace

3.1 Performance vs. prescriptive based regulations

As shown by Tipton [19], it is possible for a kne@dbe gap to exist in how a suit
performs under standardized test conditions, ameahworld scenarios. Current
prescriptive based regulations require suits tteb&ed in conditions not representative of
where they may actually be used. Performance lragpdations require more realistic
testing, and would help to address the knowledgetlgat exists. In this section we will
differentiate between specification-based regutatiand goal-based regulations and will
attempt to explain how a goal-based regulatorymeginay be useful in circumstances
that require innovation, which is the case with iengion suit systems in cold regions, as
well as to draw attention to some of the argumeantscautions raised concerning the use

of a goal-based regulatory regime.

Specification-based regulations are prevalentenstiipping industry. On matters
relating to marine operations the offshore petmoléudustry adopted many of these
regulations and the regulatory approach in whigy there developed. In many
jurisdictions both the shipping and offshore petomh industries are governed by
prescriptive specification-based conventions agdlegions in matters of EER. In
general this is applicable to emergency resporesgape, evacuation and rescue (EER)
and more specifically to helicopter emergency ojpe@na with regards to ditching and
subsequent EER. The EER technology developed taersmpliance with marine

regulations has been widely adopted by the offshatastry.

The inherited regulatory apparatus and correspgnaiER technology may not be
adequate in terms of its coverage of and utilityciold east coast of Canada EER. In
these circumstances, compliance with regulatiodsodiithe-shelf solutions is
inadequate. The current trend by the shipping disti@re petroleum industries towards
activities in northern ice-covered regions will verg them to deal with a host of issues
that will involve innovative solutions that are ikelly to be fully addressed under
existing regulations and existing technical solsioln these circumstances,

developments in northern cold regions may be nftsttevely advanced under a goal-
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based regulatory approach. The goal-based appmaddscribed below, along with
practical definitions of the roles of both regulatand operators under such a regime. To
highlight the differences in the approaches thdresting features of the specification-

based approach are presented as well.

In a goal-based regulatory environment, a reguwdtody establishes
performance goals. The regulator presents cletamséts of the goals and
corresponding expectations of what is requiredsarfficient to be addressed in order to
achieve adequate safety. In broad terms, perfarengoals will generally reflect
society’s values and norms, and should specificgallect any requirements of the law.
Embodied in regulations, these effectively beconagtens of public policy whose
application is mediated in some way by a reguladggncy. In practical terms, a
performance goal is the objective or purpose deagpof equipment, procedure, system,
or other element of a particular installation, shwidor this specific purpose, an
immersion suit system as it relates to helicoppearation.

The operator has the responsibility to meet or edke performance goals, and
establish the means by which to achieve and maitit@m. The operator must present
clear arguments and evidence to give confidendelhleaegulatory goals are met. The
operator must further ensure that there are ceifable connections between the goals
and expectations, and the arguments and evidenogany instances in the attempt to
demonstrate capability, knowledge gaps are idedtiivhich require innovative solutions.
The general expectation from the added resportyiislthat goal-based regulations
promote a culture of safety rather than one of d@npe.

A performance standard is the operator’'s specifinaif a solution to achieving a
given goal. It constitutes the basis of the opelaBrgument that safety goals can and
will be met. It is a verifiable statement of thefpemance required of the equipment,
procedure, or system. Performance standards sbeuddst in terms of reliability,
functionality, availability, survivability, indepelence. They should contribute to the
overall goal of reducing the risk of harm. Eacindtad should provide a basis for
monitoring and maintaining the basic performancthefequipment, procedure, or
system throughout its life cycle, and should actdomnthe specific circumstances

particular to the installation, ship, immersiontgyistem, etc. and its operation. In the
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context of East Coast of Canada EER, for examipéeperformance standards must
reflect factors such as cold temperatures (airveater), fog, high wind and waves and

possibly seaice cover.

For a goal-based regulatory approach to work, peidoce standards must be
supported by evidence and be open to objectivaiatiah. Goal-based regulations can
incorporate existing specification standards, ag firovide a window into what has been
accepted under a specification-based regime andstilblye acceptable to the regulator
under a goal-based system. In general, where esrgigedesign and operation matters
are covered by codes of practice, classificatiamesyp rules, industry guidelines, or other
accepted norms, the goal-setting approach givespletors some flexibility in
choosing a way forward, including a facility to @d@volving best industry practice
without the delays experienced in jurisdictions vehgpecification regulations are

embodied explicitly in legislation.

An operator may choose to claim that compliancé it international standard
or code of practice constitutes meeting best pra@nd therefore the goal. This may be a
reasonable approach, but it is generally insufficie claim that compliance in one
jurisdiction equates to compliance in another: enk must be presented that addresses

specific goals.

In the absence of acceptable norms, the operasoarnadditional responsibility
to propose a new performance standard and demtngg&fficacy in achieving the
performance goals. This can be a challenging rement involving added uncertainty
for the operator in terms of meeting the obligagiofthe law, but can also stimulate
innovation. In the goal-based regulations reginm®wations must find their way into
practice if the advantages are to be realizedthBymeasure, a framework in which
regulations are set out as high-level goals, rathaer detailed specification standards,
should facilitate the relatively rapid adoptioneablving best practice and improved
technology.

With this in mind the high-level goal for helicopemergency operations related

to ditching can be stated as follows:
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“In circumstances that necessitate a ditched hetzeescape, personnel must be
fitted with abandonment suit systems that pernmagpe from the ditched helicopter
safely, clearance from the helicopter and surviveil rescued, and have a reasonable
expectation of successfully escaping harm in therenmental conditions that can be
expected to prevail in the area of helicopter dp@maThe survivor fitted with the

suit system must maintain a 2° C threshold on deely temperature for as long as it
takes the SAR to perform the rescue.”

When innovations with demonstrated benefits in seafreducing the risk of
harm are available at costs that are not grossfyrdportionate to the benefits, the
operator should adopt them; otherwise, the regudtould insist they do. Such
provisions (e.g. that best available technologysed) can be incorporated in both
specification-based and goal-based regulationglo énsure the adoption of effective

innovations.

The regulator accepts the operator’s proposed peaioce standards or not, and
holds the operator to the stated standards. R#therusing inspections as the key
mechanism to ensure operators are in complianderegulations, as is generally the
case under a specification type regulatory fram&wagulators in a goal-based
framework rely more heavily on audits of the opergitsafety plans. The relatively
heavier use of auditing than inspecting has giv@to some criticism of goal-based
regulations as entailing self-regulation by indysaind too much focus on the
management of safety rather than the matter ofyse&Bebsequently, this has led to some
opposition to change from specification-based ratprs to goal-based regulations,
although the latter seem to be ascendant. In pedtie regulator is the ultimate
authority under both types of regulatory systenialgh the activities and skill sets

required by regulators are likely to be quite ddfet under the different regimes.

There are other arguments against the move awaydpecification-based
regulations, including that they capture a weatthistorical knowledge and experience,
are relatively easy to use by designers and opsratnd are relatively easy to check by
regulators and their designated inspectors. Ind®asting specification regulations do

incorporate valuable experience, including thatftaccidents, although the context is
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sometimes lost once the specification type reguiat constituted. Routine application
of regulations without clear understanding of tloeintext then provides some
unspecified level of safety that is still accepltgthe regulator. This is the situation even
when the value of the specification standards derftom experience with installations

that differ significantly from a given specific sétion at issue.

It is sometimes argued that specification regufetiare fair in the sense that they
apply equally to all operators so that no comméat@antage can be sought through
variance from the specified rules. There is algoview that as safety is often considered
to be a cost, it will therefore generally be erodedr time unless specific regulations are
applied and enforced. Goal-based regulations haeeb&en criticized as relying too
heavily on risk management, particularly on quatitie risk assessment and its attendant

uncertainties.

The advantages and disadvantages of both presergid performance based

standards are summarized in Tables 1 and 2 below.

Table 1: Prescriptive based standards advantagedisedvantages

ADVANTAGES DISADVANTAGES

Easy to create and implement Compliance may nafigiedoest solution

Provides certainty for operators and regulatgrfeduces the flexibility available to operator t

O

as to compliance provide best solution

Does not account for improvements in

technology

Reduces innovative solutions

Operators tend to become passive in their

approach to safety

Table 2: Performance based standards advantageBsaclyantages

ADVANTAGES DISADVANTAGES

Puts responsibility for solutions on operators Rexp that the regulators, inspectors, and

operators be highly qualified

Provides flexibility in developing solutions Marexrgent system must be adaptive and

closely monitored in order to change the
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system if required.

Fosters innovative solutions Regulators and Opesathust work together
harmoniously to provide the best solutions

available

Allows for continuous upgrading of system

Allows adaptation of new technologies

3.2 Current Regulations, Standards and Guidelines

In this sub-section we will identify standards tdatl specifically with

immersion suit or helicopter passenger transportauit systems.
CAN/CGSB-65.16-2005Marine Abandonment Suit System and
CAN/CGSB-65.17-99 Helicopter Passenger Transportation Suit system.

These two standards aim to provide the evacuedfs}vsystem that offers
protection against the cooling effects of immersionold water, and provides adequate

floatation.

The Canadian General Standards Board standarasarfogrsion suits are among
some of the most rigorous in the world. The leakageéfor suits require that both jump
and one hour swim tests be conducted. Once tledaestompleted, the values used to
calculate the water ingress for both the jump amichgests are to be one standard
deviation above the mean for the results from elestbjects. The values from the one
hour swim test are then multiplied by 3 and adaetthé jump tests to give the total water
ingress for the suit. By using one standard demiaébove the mean as the calculated
value, this helps to create a safety factor by oeporting the average water leakage for

eleven subjects.

Prior to the start of the thermal protective tefte,amount of water to be added is
the value calculated from the water leakage t8stsising the value of one standard
deviation above the mean, the thermal protectists t@are more challenging for the suit

due to the increase in water leakage.

The CGSB test conditions for using humans to evaltre thermal protective

properties of immersion suits is for them to be ensed in calm, circulating 2°C water.
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If the suit prevents a drop in deep body tempeeatdi2°C in six hour, and keeps the
finger, toe, and buttock temperature from dropgietpw 10°C, then it passes the test.
Thermal manikin tests are conducted in turbulertewaith a wave height of 40cm, with
there being at least a 3°C difference between #itentemperature, and the target

temperature for the manikin.

ISO15027- International Standard under the general titfdnomersion Suits” meeting
the requirements of persons carrying activitie®opnear water and consisting of the

following:

Part 1:1SO15027-1:2002 ~ Constant wear suits,ireopents including safety
Part 2: 1SO15027-2:2002 ~ Abandonment suits, reguants including safety
Part 3: 1ISO15027-3:2002 ~ Test methods

The ISO standards (1ISO15027-2:2002 and 1SO1502002are often used by
others to define the testing criteria for immerssoiits. The leakage measurement tests
require that water leakage only be measured ajtenp from 4.5m, and a 20min swim.
The average amount of water that leaked into titedaung this test (jump and 20min
swim) is then recorded.

The thermal protective tests for the ISO standards/ery similar to those
defined in the CGSB. However, the amount of watdrd added to the suit prior to the
start of the tests is the value recorded duringwéier ingress tests. This value could
possibly be significantly less than that recordethe CGSB if the same suit was used,

resulting in a less challenging thermal test.
European Aviation Safety Agency
ETSO - European Technical Standard Orders

ETSO-2C502 ~ Helicopter Crew and Passenger Imnmre&udts for Operations to or
From Helidecks located in a Hostile Sea Area

Specifies the minimum standard of design and pevdoice of helicopter and
integrated immersion suit. This standard referklodien to ISO 15027-3:2002 to define
the testing standards, and acceptable pass criteria
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Civil Aviation Authority United Kingdom
Specification No.19 ~ Helicopter Crew Members Imsnan Suits

This standard addresses the minimum standard afrdasd performance. In
contrast to the previous three standards, the @idsird requires that no more than 200g
of water leak into a suit when performing testsilsimo those outlined in the ISO and
CGSB standards. There is no proposed test in thetlikdard to check the thermal
protective properties of a suit. Instead, it isesiahat if any suit allows less than 200g of
water into it, and the person is wearing the recemuhed clothing under the suit, then it
should provide 3 hours of protection from hypothierm 5°C water.

The Norwegian Oil Industry Association (OLF)

This standard is similar to that of the Europeaiafiwn Safety Agency in that it
often refers back to ISO 15027-3:2002 for suit rexjaents. It differs from the European
standard by requiring stronger testing conditiditee OLF requires that leakage tests be
performed as outlined in 15027-3:2002, but thatnooe than 200g of water enter the
suit. The thermal protection tests are also coratliatcording to 15027-3:2002, but are
made more strenuous by adding 5 hoéwind and pouring water over the front of the
body every 10 minutes. For determining suit floatatind stability, the OLF standards
require that the suits give the test subjectslalestaosition lying on their back, and
placed crosswise in relation to waves. The OLF ireguhat the tests be conducted under

controlled conditions with a minimum of 80cm waves.

3.3 Example of use of prescriptive and perfor mance based approaches

In this sub-section we will use as illustration @&N/CGSB 65.17-99, Floating
Characteristics, paragraph 6.2.3, and StabilityFlodtation Characteristics, paragraph
8.1.3.7, as the prescriptive approach and subségwenwill present an approach that

we believe is more in tune with goal based reguyeapproach.

6.2.3Floating Characteristics -When tested as described in par. 8.1.3.7, the suit
system shall provide a stable floating positiorthvei face plane angle between 30

and 80° to the horizontal, in which the subjedate-up with the mouth and nose at
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least 120 mm above the surface of the water. TtaB be achieved for at least
eight out of the eleven subjects.

8.1.3.7Stability and Floating Characteristics -Each subject, while wearing a suit
system, shaknter the water gently, activate the inflatableyanzy element and
adopt a face-up position with the legs togethertaerdcarms at the sides. After a
period of 5 min it shall be established that thigjesct is stable in that position by
depressing each shoulder in turn to ensure thaubgect returns to the face-up

position and does not invert.

With the subject in a relaxed position, measurdreboard to the mouth and nose,
perpendicularly from the surface of the water.

Measure the angle, relative to the surface of taewy of the plane formed by the
most forward part of the forehead and chin of thigext floating in the attitude of
static balance in which respiration is least likelyoe impeded. For each subject

determine the stable position and the face plagkean

In the above paragraphs of the CGSB standard asrstatiding of suit system
floating stability is sought. In the approach utfeglregulatory body ignored both the
human response as well as the environmental conditboth pre-requisites for assessing
the performance of the suit system in a real actiderld scenario. A “pass/fail”
approach doesn’t address anthropometric charaatsref the human volunteers, only
attempts to looks at the suit system static stgbéven though the magnitude of the
disturbing force and the point of application atepuantified, and doesn’t consider the
effects of the environment, wind and waves, orflibegtation stability. As manufacturers
apply the standard requirements for suit systeatdkoon they address only the minimum
requirement “pass/fail” and they don’t delve inte etails of performance required of
the equipment. This results in a suit system tretsistandard requirements but for
which the environment and the human componentaatraully understood. The example

of a performance-based approach will read morethikeollowing:

Goal: Determine the stability and floatation chésastics of a suit system for the
population distribution it intends to fit and fdret weather conditions predominant in the

area of operation.
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How to meet the goal: initially perform floatatigtability measured in calm
water for a number of participants that is bothrespntative of the wearer population and
in sufficient numbers to be statistically reliadiéark on each participant’s suit the
location of the point of application of the distumdp force. For each participant measure
the suit’s reserve buoyancy after the air is puigestder to establish the individual
subject/suit baseline. Measure each individualststem/subject water plane, the angle
that the legs below the knee make with the horaguiane, the freeboard and the face
plane angle. After the calm water baseline floatatharacteristics are reliably
established test the stability and floatation fiorality of the suit system in a range of
environmental conditions composed of wind and wagan approximation to a real sea
state and for different orientations in order ttablsh the dynamic characteristics of the

suit system.

The manufacturer, instead of meeting a bare mininwathget insight into the
stability and floatation characteristics of theigasand will be in a position to effect
changes that maximize the performance of the gsiem, taking into consideration the

human and the environment.

3.4 General knowledge gaps across major topics

In this sub-section we will identify the knowledgaps identified by reviewing
the Canadian dealing with immersion and abandonsighsystems.

CAN/CGSB-65.16-2005 Section 6.8: Donning TimeCurrent CGSB testing
standards require that immersion suits be donnelg wh a stable platform. For
helicopter transportation suit system, this doggpnesent much of an issue, as most suits
are donned while at the helicopter terminal, otrenoffshore installation itself. Assess
donning of the suit on a stable surface may leahtoverestimation of performance for
marine abandonment suits. These suits are oftemedbduring an emergency (e.g. a
vessel sinking), where the people may not be sitlah a stable surface. Unstable
surfaces due to vessel motion may result in a degien of performance in the ability to
done the suit.

CAN/CGSB-65.17-1999 Section 6.1.9.2: Mobility and &hd Dexterity - CGSB

testing standards require that all hand dexteesystbe performed in water “not less than
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18°C”. Vincent and Tipton have found that hand imsi@n in 5°C for as little as two
minutes can produce significant reductions in maxmmvoluntary grip strength in an
unprotected hand [21]. Given that temperaturefiegnNorth Atlantic can drop to below
0°C during certain periods of the year, it is extedy important to conduct standard tests
in water that has a temperature similar to thathefarea of operation. There may be a
surprisingly large degradation in expected perforoeaof hand dexterity if tests are only
conducted in “warm” water.

Additionally, there is no requirement in the cutr@GSB standards for people to
be able to manipulate a replica of the buckle dsethe seat restraints on the helicopter.

CAN/CGSB-65.17-1999 Section 8.1.3.7: Stability arfeloating
Characteristics - CGSB testing standards require that all flotadod stability tests be
performed in calm water pools. It is unknown as tiine how wave motion will
influence the stability and floating characteristd immersion suit systems. It is possible
that the orientation of the person to the wavest (fiest, head first, side on etc.) may also
change their stability in the water.

CAN/CGSB-65.17-1999 Section 8.1.4: Vertical Positiing - In order for an
immersion suit system to pass the CGSB verticatipamg tests, a study volunteer must
be able to stand vertical in the water for 2 misuteassisted. Similar to the previous
ones, these tests are to be conducted in calm padds. It is unknown how wave action
will affect the ability of a person to maintain artical position in the water.

CAN/CGSB-65.17-1999 Section 8.1.6.1:Water Ingres€GSB testing
standards require that water ingress be calcutatddtermine the volume of water to add
before the thermal protective tests. The waterasgevaluation is composed of two
parts: a jump from not less then 3m, and a 60 mimsn calm water. Work conducted
by the CORD Group Ltd. has shown the potentiattiercalm water swimming tests to
underestimate the amount of water leakage intatd=6]. When the swimming tests
were performed in conditions with wind and wavég, $uits allowed more water leakage
to occur due to the environmental conditions prgtmbe more challenging to the
immersion suit seals.

CAN/CGSB-65.17-1999 Section 8.1.6.2: Thermal Protan - manikins -

Testing standards for manikins require them tontb@eérsed in 40cm waves, at a water

temperature not less than 3°C different from thaikia skin temperature. There is no
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specific reason given for requiring a wave heidght@cm for this test. Work conducted
by NRC-IOT has shown that an environment consistingoth wind and waves will
cause a greater amount of heat flow comparedheretondition by itself [14].

CAN/CGSB-65.17-1999 Section 8.1.7: Thermal Proteoth —humans -The
testing standards prescribed for humans are lessustus than those for manikins.
Humans are to be immersed in calm, circulating @&@er. Previous work by NRC-IOT
has shown that the heat lost in the current ptesdriest conditions is significantly less
than in an environment that has both wind and wawithout a significant change in
temperature, wind and waves can increase the bstatiol an environment by as much as
37% compared to immersions in calm water [14-15].

Additionally, the humans used for these tests peeified to be between 160-
185cm tall and not more than 10% over or underweligis unknown at this time if the
anthropometric characteristics prescribed for thests are representative of the offshore

work force that will have to use these suits.
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4.0 Suggested Safety Approaches and Emerging Teclogies

There currently exists a knowledge gap betweenréselts observed in the
current prescribed testing standards for immersiohsystems, and their performance in
real world conditions. As discussed throughout tieigort, a large body of work has
shown that this current knowledge gap can reswduiprisingly large degradations in the
performance of humans in immersion suits durind weald accidents. This knowledge
gap is the greatest threat to the safety of pewptework and travel over the ocean since
it results in an level of uncertainty of the penf@nce of Life Saving Appliances (LSA);
uncertainty that often leads to injuries and fatsdi

Due to their nature, prescriptive based standeatiscreate the knowledge gaps
that will often result in poor performance of LSAhen a standard prescribes a specific
set of test conditions and values to be obtainedydates a focused avenue for the
performance of the LSA. Testing standards, either @ technical limitations or lack of
information, will rarely prescribe for tests to denducted in the conditions that LSA will
be used in. The underlying assumption is thatlifS& passes a prescribed test, then it
will exhibit the same level of performance in antuation. It is rare that when a LSA
fails in a spectacular fashion in a real world aiton, that the merit of the test that it
passed for approval is questioned. Instead, the itSHf is given an intense level of
scrutiny and will no doubt undergo some level afe®ign, only to be evaluated by the
same prescribed tests that the first LSA passeeteTwill still be no indication that the
“‘new” LSA will perform significantly better in realorld conditions compared to the
older design, since it will still be evaluated by tsame test that the latter passed.

In his article “Ship/Rig Personnel Abandonment &telicopter Crew/Passenger
Immersion Suits: The Requirements in the North #itd, Brooks discussed the
problems involved in manufacturing a immersion stiiat are both dry and comfortable
[3]. Brooks thought that it would be “inappropridi legislate towards or away from
specific design concepts, such as types of sedie tssed.”, with the understanding that
doing so would result in excluding helpful innoweats [3]. In a similar fashion, moving
away from standards that prescribe the test camditto performance based ones would
be the best approach to addressing the currentledger gap. As stated by Tipton, LSA
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should be tested in the conditions that they wtlmately be used in so that an accurate
level of performance can be assessed [19].

A shift from prescriptive based standards to pemmce based ones would
improve the safety of everyone who uses the LSA thay govern. For example, the
current CGSB thermal protective tests using humegaire that a suit prevent a drop of
2°C or more in deep body temperature in 6 hourdeathe person is immersed in calm,
circulating 2°C water. Assuming that the suit hasged all the other tests, it is now
approved for use anywhere in Canada. This suithoam be used off the West coast of
British Columbia, in a sheltered harbour in P.Ed.the Arctic Circle, and off the East
Coast of Newfoundland. The average environmentatlitions vary greatly in each of
these locations, yet the suit is expected to perflar an acceptable level in each of them
based on prescribed testing conditions that donadth any of them.

By shifting to a performance based standard, #s#inty certification for the
immersion suits would change, eliminating the krexigle gap of their performance. If
we were to change the prescriptive based testseirptevious example to performance
based, they would read something like the following

“The suit must prevent a 2°C drop in deep bodyptemature in conditions
representative of the area of operation for thewarhof time it would take search and
rescue to respond. The size distribution of thé gabjects should have anthropometric
dimensions equal to that of the workforce usingstini ”

Allowing the area of operation, response time edrsh and rescue assets, and
size of the people using the LSA to set the coonitifor the testing standard, a large
amount of uncertainty would be eliminated on howvauld perform with the people
using it.

The best way to eliminate risk due to uncertaintymmersion suit performance
is to test in the most realistic, representativeditions possible with people who will be
ultimately using them. This would pose a seriesogfistical challenges since it would
require a constant assessment of the conditionpéuple use LSA in, and the ability to
accurately simulate them in a controlled fashioms. Well, it would require constant
monitoring of the ever-changing population who tlse LSA. It is recommended that
further research be conducted in the following sreahelp increase the safety of the

offshore workforce:
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1.) The cost and feasibility to shift from prestiip based regulations to
performance based.

2.) New fabrics and materials for immersion sultattwould allow for increased
performance in realistic conditions. This would lirde the use of “intelligent”
fabrics that change their properties based on teatyre, suit seals that would
allow an assessment of their water tight integritjpyd reinforcing existing
materials.

3.) The redesign of the suits thermal balance duftight by including “suit vents”
as a way of keeping the user more comfortable wkakping the integrity of the
suit system.

4.) Holistic design of the transportation enviromiheand all the components of the
suit system so they work together as one, e.gsigl®f seat buckles that can be
operated with the gloves donned.

5.) Development of training simulators for heliocepemergency operations, escape,
evacuation and rescue.

6.) Re-evaluation of the risks associated with eaelat on the airframe. Re-
evaluation of the “fit-for-purpose” of the airfranfer operation in east coast of
Canada given the impairment caused by the auxilisgltank.

7.) Continuous monitoring and assessment of trehofe work force’s
anthropometrics and physical capabilities. By keg@n on-going database of
these parameters, this information can be fed tmthe standards and
manufacturers to allow for further refinement of tbiSA, airframe passageways,

seat sizes, etc.
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