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LIFE JACKET AND RESC UE STUDY
OF
BOATERS WITH ADAPTIVE NEEDS

| NTRODUCTION

The C. Thomas Clagett, Jr. Memorial Clinic & Regatta (The Clagett) has been affiedalgr in
competitive sailing opportunities for sailors with disabilities sincarzD@3ignificant number of
thesesailorsvent on to win medals in the 2008, 2012 and 2016 Paralgjmpitsgral part of The
C| a gnassionidvslvessafety. Thereerequesibnsabout theperformancef life jackets ifra
adapativeailor fell overboartivhat would happen the sailorended up faedown in the watér
Was there a preferretethodto retrieve sailors into a safety Bdataddress thesad other
guestionsThe Clagetivas awardeal granfrom the Bonnell Cove Foundation in 2015 to

1 Test and evaluate life jackstadaptive boaters with a range of disabilities

1 Identify desirable performance factors of life jackets

1 Determine if existing life jackets meeniwds oareimprovementseedegdorisa new
category of life jackets needed for adaptive boaters

1 Share findings with manufacturers to impdasign and performance

1 Test and evaluate retrieval rescue equipment

As the sport opaddlinghas grown in popularityre design dffe jackets leevolvedo provide
more freedom in arm motion and comfehichis applicable to sailing and rowinflatable life
jackets arevorn by some rowers, sailors, and powerbod@tighscrossovenseof life jackets in
these water spongth adaptive boaterShe Clagett partnered with the American Canoe
Association, USRowing, and USr8HIS Powerboatingp encompasheseboatersn the study.

Thestudyinvolvedthree phasedhe first phase was an online survey monkey distributed to

adaptive needmatersvithin the four partnering organizations and completed at the end of 2015.

The results from the survey helped to inform the secondipl28dé that performed-mater

teging of life jackets and rescue equipment at three venues. The thinhplshseing the findings

and recommendations with the Life Jacket Manufacturers Association at its 2017 conference as well
as interested parties at the 2018 US Sailing Leadersinip Fo

Thesuccess of tha-watertesting and demonstratissas made possible througboutstanding
commitmenbf these pople and organizatioasd their contributions are greatly appreciated.

1T The CIl aget t 0 snvapuable assigance withrderuitmeht efiparticipants in
both the online survey and thenater testing

1 Thetestersvho braved the waters and retrieval equipthevoluntees who recorded
datatook photogaphs and video tapes, asdisteth andon the water and on land

1 The organizations that allowed use of their pocisater facilities and safety boats
1 The manufactureendcontributorsvho donatedife jackets for the study
1

The Clagett Board members and administrative assistants whesdestetsand
volunteers



PHASE 1 7T ONLINE SURVEY

Participants: Sixtynine people participated in the suwily most of them located in the east
coast, midwesand west coaandwith a couple responses from Canada, France and thadJK.

participantsd profiles included the following
Age
Gender g Under 18
Ages 19 years, 2%
30, 13%
Over 50
years,
Female 39%
38%

Male
62%
Ages 31
50, 46%

85% of the participants were over the age of 30. With regarchinisg ability93% could swim
while 7% could not.

Water Sports Participation: The watesports identified in th&urvey were: kayaking (74%),
swimming (48%), sailind3{@), canoeing (86), sand up paddlboarding SUP)19%), and rowing
(10%).70% participated in more than aveter sportand in response to a question of whether
they used a different life jacketddferent water sports, 60% replied they didBedtware
graplsindicatingparticipation in watesports.

Water Sports Participation Boaters' Participation
in Other Water Sports

1 water sport 30%

SUP 100%
Rowers 100%
2 water sports 35%
Canoers 95%
Sailors 73%
3 or more 35%

Kayakers 78%




Types of Water: The survewlso explored thgpes of waterthatboatersised for theiwater
spors, whether it was fresh or salt watergh or shelteredhichmight affect the selection and
performance of life jackets.

Types of Water

Other

Ocean

Whitewater Rivers
Moving Water Rivers
Pond

Lake

Salt Water

Fresh Water

80%

86%

Types of Life Jackets:With regard to the types of life jack@@96 of the responses identified
their lifejacketavith the following result®nly five peopleised crotch straps

Types of Life Jacket:

o6 approve | =%

only non-inflatable | 73%

only inflatable [Jii 10%

both inflatable & non-
inflatable F 15%

If the data was broken downwgiter spog the types of life jackets are depicted in the graph
below where neimflatable life jackets dominate in esater sport

Types of Life Jacket:

Sailing
Rowing

Kayaking

Canoeing

0% 20% 40% 60% 80% 100%

uBoth mInflatable m Non-Inflatable




Falling in Water: With regard tehe performance of life jackets when falling in the \6d6ér,
reported they had fallen into the wafénen asked if they turned face up, their responses are
depicted below.

Ability to Turn Face Up
Unable,
7%

Required
some
effort,
29%

Immedi
ately able
to, 63%

Reported Problems Twentythree or 1/3of the responsesported problems withefit and

comfortof their life jackefThe most common complaint was ride ups on thehyettle jacket,

sometimes accompanied by neck chafing or a choking sefbatiomwater testing offé jackets
highlighted this ascommon problem, most evident when crott¢highstraps were not used.

Other complaints to a lesser degree were the bulkiness of some jackets, fit problems for people with
large stomachs hips andvomen with large bregsandbeingtoo restrictive when twistirfgtraps

and buckles were a problem with some who feagdgifficult to reach or adjust, and buckles

that were difficult to use or interfered with paddlihgin-water testinglso confirmed thatraps,

buckles, and zippers were an issue with some testers and jackets.

Suggested Improvements Twentysix people had suggestions to improve their life jackets and
most fell in the following categoneth the highest number of suggestions listed first andnth
descending order

6 Reduce ride ugnd increase comfday making jackets more form fitting, especially for
people with large torsos, breasts or. Epableto cinch the jacket below the stomach or rib
cage.
Reduce the bulk by making them flattér aismaller profile
Improve thestraps and buckley making the straps wider for an easier grab aedh®ak
adjustable from the front. Internalize the straps to prevent snadgleghe buckles a
bright color different from the color of the straps, and make them easier to fasten and
unfasterfor peoplewith limited hand dexterity. Input from thenater testing supported
these suggestions and some testers recommended nchkstigapea different color to
distinguish the straps from each other.
Make the front of the jackets smotatlieduce snagging by internalizing the straps,
harnesses, pockets for radios and timers.
Provide a greater range of arm and torso twistirgment.
Make the tabs larger on zippers to nfau@easier to grab and use.
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PHASE 2 T IN-WATER TESTING OF LIFE JACKETS

Three inwater testing sessions were conducted in Newport, RI, Lake George, NY, and St.
Petersburg, FL to evaluate a varietyeofddkets and rescue retrieval methods. The first day of each
session was done in the controlled environment of a pool followed by open water testing on the
second day. The reason for this sequence was to ensure all teetestersfortable in the wate

and to become familiar with the testing procedures before being exposed to unpredictable open
water conditiondVhen selecting the venues, we wanted to perform the testing in salt water
conditions at Newport and St. Petersburg and in fresh water at Lake George to determine any
perceivableffect of water density on the life jacket performance.

A total of196life jackettestswere conducted with 10%the pol and 92 in open watby 15
testers9 of which were male and 6 were femalelZmeere adaptivmatersaand 2 were able
bodied.The range of disabilitiesas

1 Cerebrapalsy 1 TBI, neuro muscular left side
1 Paraplegic T4/5 1 Born amputee all four limbs
1 Partial paraplegic T8 1 Bilateral above knee amputee
1 MS/ Paraplegia T8 1 Above knee left amputee
1 Peripheral neuraghy 1 Below knee riglgmputee
1 Parethesa weak life side 1 Below elbow right amputee
Gender Age
Ages 1930
20%
Female Over 50
years

40% 40%

Male
60%

Ages 3150
40%

A variety of 29 life jackets were tested, including Type 1 Offshore, Typeshdveawpe Il

vesttype flotation aideind inflatables. Two of the vests &0 Newtonsbuoyancy aids, which
confam to the European Standaihénimum buoyancy of 50 Newtons or 11.2 pounds, but do not
meet t he USredicedmnimunthuayandy®fsl5.5 pounéishough these 50
Newtonsvests are not US Coast Guard approved, there are popular with dinghy sailors in the US.

A testing protocol was used to guide the testers, safety swimmers and recorders through the process
and a@ta inputs were recorded on tablets by recorders. In bgbdhand open water testing,
there was always a safety swimmer(s) in the water to assist as needed.



Life Jacket Performance Factors
The following eight performance factors were considered:

Fit
&
Comfort
Feeling Flotation
Safe Level

Visibility Static
in Water Stability

Dynamic
Stability

Face-
Down
Rotation

Fit & Comfort
Thisfactorincludethe ease of putting amjacketadjustingt for fit, andits comfort in the water

Putting on a Life Jacket Nine (60%)testerg5 malesand 4 femalgsincluding an ableodied
one, reported problemagth putting on 1241%)of the 29ife jackets for a total of 2dported
problems. 2083%)out of the 24roblemsnvolvedtesters with some impaientof arms or
handsTherewereanadditionathreetesterg1l maleand 2 femalg¢svho reported problems with
buckles and zippefhe most common problems cited were:

1 The bulk of the front foam made it difficultré@ch oengage and use the zipper

1 Zippers on the side made it difficult to see, reach and use. This was especially evident with
testers who had limited dexterity or one hand.

1 Some buckles were hard to aed,a jacket with two types of buckles was confusing. On
jackets with multiple straps, some thought there were too many buckles and figuring out
which was which was confusing at times.

1 Tie straps were difficult to tespecially if being tensiomedvith only one hand

At the first testing venue, three testers tiigtthg on life jackstvhile in the poolt wasnot easy
and tooktoo muchtime. Tighteninfpr a good fit waparticularhdifficult, especially for a person
with dexterity impairmeras a resulsubsequent testing did not incltide maneuver

Adjustment for a Good Fit The ability to adjust a life jacket for a good fit impacts its
performance in the watendits susceptibility to ridep as well athe comfort of the wearedf
the 102 responses to the question of adjusting the straps for a good fit:
1 74% reported the straps were easy to adjust for a good fit.
1 12 testers (6 males and 6 females) reported difficulty with adjusting tfoer atigqusd fit
on 15 life jacke{® males with 8 life jackets and 6 females with 10 life jackets)



Adjustment To Keep Life Jacket in Place Of the 99 responses to this question:
1 86% responses reported they were able to adjust the straps to keep the life jackets in place.

1 8testerg4 nales and 4 femalesported they were not able to adjust the straps tokeep 1
life jackets in placé ihales with 5 life jackets ahi@males witf7 life jackets).

Problems with strap adjustmeith highest number listed finstluded:

1 Couldnot adjust on disabled side 1 Bulkiness at front made it difficult to
¢ Limited arm movement made it adjust
difficult to tighten 1 Had to take life jacket off several
1 Needed two hands to adjust times to make adjustment
1 There were too many stsap 1 Only adjustment was in the back
1 Side straps too far back to reach 1 Shoulder straps were difficult to adjust
f To tighten side straps had to pull or straps were not adjustable
backward instead of forward which 1 Difficult to tighten becauseitkle
limited tension was not anchored
I Toomuch friction 1 Tying strapelow waisivas difficult

Life JacketRide-Ups: Rideups reduce the effective buoyancy cié
life jackets in the water, which in turn adfiectv high a person will
float in the wateContributing factors to ridgpsobservedvere:
body shape (e.g. pstiape)amount of activity in the water, and
degree of secured fi¥hile rde-up is often measured the gap
above the shoulder to the life jacketasurements were taketha
level of rideup in relation toéhe head or neckofe testrshad
excessive ridgp at the back of the head as shownigirttage

Pool RideUp Open Water RideJp
Oth Nose Other
er 0
9% Neck Mouth _ 5%_ 3%

Neck
26%

Nose 17% 3%
6% At Chi
8%

Mouth
14%

At Chin

6% Under Under

Chin Chin
48% 55%

If a body had a peahape rather than a y&®ape (wider shoulders to waist);ujgeas most
likely to occur.



Testersalsocomplained of a choking sensation when the front of the life jackei tiosie neck
or under their chin or a smothering sensation when it rose to thelifiegaekets with a high
front instead of a scooped or vee neck were more liebdtece a choking sensation.

It is interesting to compare the 86% resuliefsters who reported they wabte to secure tindife
jackesin place with then-water rideup resultsvhere only 2% to 58% had no rideps.

1 Pool: 72% rideups 28% norideups

1 Open Water: 42% rideups 58% no rideups

The lower rideip percentage for the open water tests is likely due to testers cinicljgngdise
more tightly.

Only two life jackets hadRide UgPrevention System (RUPS), or what is commonly known as
crotchor thighstraps The combined analysis of the pool and open vestdtsndicate théiigh
effectiveness dhhe RUPS whemgde-ups were prevented 92% of the tests with thefrhis
supportghe case that #llthelife jackets had RUP%eups would have been greatly reduced,
especially for peahaped bodies.

Ride-Up Data per Life Jacket
100%
g 80%
=
2 60%
=
-
2 40%
s
e
S 20% -
2
0%
A BCDEFGHIJEKLMNOPOQQRSTUVWXY ZAAABAC
BTypel ®Typell ®Typelll MInflatable Vest ®Belt Pack ®50 N
RideUp Data Per Testel
100%
o 90%
(]
a 80%
2 70%
0
g 60%
2 50%
% 40%
& 30%
o
e 20%
10%
0%
CM CR SS TS CW SL(6) SM MD AA WE KH RH(7) BK LS RT
(7) (19 (13) (23) (23) 4) (14) (10) (13) (13) (16) (12) (15)




Comfort: The evaluation of life jacket comfoes conducted in the pool sessions with 77% of the
102 response reporting they were comfortable in the life jackets while 23% were not. Most of the
discomfortwasthe result ofideup symptomgneck chafing, chokingncomfortable pressure on

the back othe neck or headnd the inabilitto assume a facg or vertical positioim the water.

Flotation Level

Measurementseretaken & water positionen thetestesin both the pool and open watesing

their shoulders as the datum reference. If the water level was below the shoulders, it was recorded as
a positive number indicating the tester floated higher, and if the water level was higher than the
shoulders, it was a negative number indi@atowger flotationAn undesirable condition ofasater

levelat the chin was typically a minus 3 inglithsjustanother2 to 3 inches before impeding the

nose airway.

In the graph below, the average flotation measurements of each life jdegettedefor the pool
testsOn the scale at the bottom of the graph, the numbers in the parenthesis under the letters
indicate the number of tests. The blue bars depicting the Type lll life jackets with a buoyancy of
15.5 Ibs. or moriadicate the averafietation level of the testers floated with the water level below
their shoulders, except for two jackets. The red barstaith® Newtos (11.2 Ibs.Jackets with a

lower bwyancythanthe Type llisshow the testers floating with the water level dbewve

shoulders with one at the chin position. The two inflatable jackets (green bars) averaged out just
below and above the shoulders as a result of these jackets floating the teptens flaee backs.

Inches Below Shou

Inches Above Shoulders

-1.00

-2.00

-3.00

-4.00

Average Flotation Level per Life Jacket: Poc
Water Level Below (+) & Above)(Shoulders)

4.00

3.00

2.00 -

1.00 -

0.00 -

ABCDEFGHIJKLMNOPOQRSTUVWXY ZAAABAC
@6 @O E0E@AINE G B @M@ @@ @QE 0> @@ Q6 6 E12)(O)
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In the graph below, the average flotatiorsarements of eadtype Ill life jacket are compared
from the pool and open water te€ikthe life jackets which were tested in both the pool and open
water, 62% of the life jackets floated higher in open water while 33% floated lower and only one

j acket 0s

fl otati on

average

remai nendheunchanged

differencesuch as the degree of rigethe fit of the jacketthe differences in water densites

the accuracy of the open water measurements where testers were bobbing up and down in the
waves. Generally, testers seemeghientheir jackets moteghtly for the open water conditions,

which would have reduced riggand resulted in more effective use of the jé@tketgancy to

float a tester highe®alt water is denser than pool water and a tester theoretically would float higher
in salt watelhut the difference might be difficult to measure precisely. In comparing the flotation

levels measured in the fresh waters of Lake George to the salt opethevatenbersl i d n 0 t
support the expected density differences. However, there were feweaokg&edsts compared
to the salt water ones.

Average Flotation Level per Type 3 Life Jacket: Pool & Open Wa
Water Level Below (+) & Above)(Shoulders)

4.00

3.00

2.00 +

1.00 +

0.00 -

-1.00

-2.00

-3.00

-4.00

A B C D

E F G H I ]
(3,3)(5,4)(4,5)(1,1) (3,3)(0,2)(4,3) (10, (3,4)(3,1)(3,2)(2,2) (4,5) (4,2) (4,4)(1,0)(2,0) (4,4) (4.6) (1,1) (3,4) (12, (0,1)
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When the results of both the pool and open \aa¢eombinedthe combined totals indicate the 50
Newtors (11.2 pounds) buoyancy life jacketged lower than any of the other oftatable
jacketswith a higher buoyanaynd 35% of the tests recorded the water at chinBel@k is a
comparisomepicting the water levelsan 11.2 Ibs.gcket taa 15.5Ibs. jacket, which is thequired
minimum buoyancy for US Coast Guard appoi\eabugancy aid

11.2 Ibs. (50 Newtons) Life Jacke

15.5 Ibs. (69 Newtons) Life Jack

At chin
4+" Below 7%

Shoulders At

Shoulders

%

At Chin At 26%
33% Shoulder
42%
1" Above 1-3" Below 1-3" Below
Shoulders Shoulders Shoulders
12% 13% 60%
The vertical measur ement from the water sur f a

be impeded is commonly referred to as freeboard. This condition is accentuated in wave conditions
where a person is heaving up and ddwe imageselow show the same person in open water

wave conditionwearingmal11.2 Ibs. (®Newtors) jacket and 85.5 Ibs.9 Newtoms) one. As he

bobs down in th&1.2 Ibs. one, the water covassnoseand if his reserve buoyancy is low, his

nose will be coved for a longer period of time.

11.2 Ibs. (50 Newtos) Life Jacket 15.5 Ibs. (69 Newtos) Life Jacket

. "
- > y = ! \
o “
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Another factor that appears to influence the flotation level is the ratio of body fat to muscle mass

(and bone densitygat has a lower density than muscle and will float in water while higher density
muscle will sink. People with low bodyafat high muscle mass will float lower. While we were able

to calculate the body mass in@@Ml) for most of tle testers, thisdoes not provide an accurate
measurement of the fat mass and muscle mass indexes. One of the testers floated at the lowest level
in even out of eigHife jacket tests when compared to the other tddeeegppeared to be quite
musculgrbut bone density may have been another.factor

25.8BMl Testerin 11.2 Ibs.Jacket 29.6 BMI Tester in 11.2 Ibs. Jacket

Shoulders are below water.

Static Stability

This is sometimes referred to asdtteu r vi v
positionwhere he tester assumes a vertical posit
in the water with arms at side and no movemen
arms and ledge simulateinconsciousness an
inability tohold that position. In both pool and
open water tests, more than 80% remained in
vertical position or rotated onto their bailk
testersvith non-hybrid inflatables floated on their &=
back.The facedown resulthvolvedl7identifiedType IIl vesttype Jacketand increased slightly
in the open water conditiol®mereported the tilt ofheirhead determingtierotation direction.
For life jackets wittore than 6 tests, the 11.2 theehad the highe$acedownpercentageith
33% A couple testers tilted to one sidth one tester ending up fat@vn and anothdime
sideways in the water

Static "Survival" Stability

Pool: Sideways
Pool: Facedown
Pool: Faceup or vertical 85%
Open Water: Sideways
Open Water: Facelown

Open Water: Facelp or vertical 82%
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Dynamic Stability

The testeusesarms and legs to stay in the vertical SRS
position.As expected, the results indicate an
improvemenbver static stability with a more than
10% increase in holding a verticdhceup position
and a corresponding decrease in adiaea position.
Again,only Type Ill vestype jacketsmerge in the
facedown results, but withtotal of4 instead of 17.

the 11.2 Ibs. one had the only f&oen result (4%).

Dynamic Stability

Pool: Facedown

Pool: Faceaup or vertical 98%
Pool: Difficult to keep faceup
Open Water: Facelown

Open Water: Facelp or vertical 96%

Open Water: Difficult to keep faceip

Face-Down Rotation (Turning) Ability

In this test,le tester assumes a fdown position to determine if the life jacketamibmatically
rotatethe persotfiace up. If notthe next step is to determimawv much effort itakego rotate into

a faceup positionThis was done by firgirningthe head to see whethiewouldresult in a
successful rotatioti.that did not work, therarmswouldbe usedWith some testers, turning their
heador using their arms would also result in rotation of their &dtsd.which would change the
relationshi p of aviylas center ftowoyadcy comienad welrthe propeliing
force of arms and legs. In almost all cases a positive righting moment fdonvrigogfacaip
resultedHowever,n the open water tests 6% percent weable to turn facap and this involved
two testers, one aHltedied male and one female with a weak left side, ahygpoev/Bl inherently
buoyantife jackets.

As expected, the Type | Offshore life jackets turned testeup fattbout assistance albeit slowly

in a couple of instances. Thitatablesvith almost all of its buoyancy on the front sideed

testergaceup quicklywith or without head movement. There were several cases where testers were
unable to get into the fadewn position becaudigey could not overcontiee frontal bwyancy of
theinflatablesOne tester brought his personal inflatable to the open water thedsiioihnot

deploy when he entered the wdtedeploymenéactivaion status indicated it was functioning,

which brought into question the reliability oftyipe of activator it used.



14

Comparison of the pool and open water {estew) indicate hardly any differendhe
percentage of life jackets-sa@thing while head turns increased significantly with a corresponding
decreaswith arms turngn the open water tests.

Pool Rotation from Fac®own Open Water Rotation from FacBown
Life Jacket Unable To Life Jacket
Turn Turn Turn
8% 6% 1%

Head Turn
8%

Head Turn
25%

Arms Turn

Arms Turn 62%

84%

Life Jacket Lift

This is one of the popular rescue methodgukly
retrieving a person in the water intmat with dow
freeboardand frequently used bafety or rescue
boas. It involves one or two people grabbing the
shoulder strapsf alife jacketd o i n -3 bountel
a n d ober thetsideto theboat.The design of the
shoulder straps affethe success of this method.
Elastic straps will stretch making it more difficult tc
heave the person out of the water whilestiagich
straps wondt . /Mvolethh fd if
the jacket is too loose, it may pull off during the lift
and there vaone instance where this occurred Stretch of elastic straps makes a lift difficult

Visibility in the Water
Visibility is important for boaters and rescuers to | g
able to see a person in the wdtieere have been
fatal accidents where powerboat operedarsver a
person because they did not see thsihilityis
greatlyjimited especially in wavdsalife jacket is
fully immersed beneath the water or the shoulder
straps and jacketp abovethe wateare a darkr
blackcolor.To reduce this problem, life jackets
should have briglgtcolored straps and tops with
reflective strips arthve sufficierttuoyancy to float
a persorhnigh in the water.

Wet hair and black jackets decrease visibili
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Feeling Safe

This takes into account tbeerall performance of the life jacket in the wagrdingomfort
(freedom of movemeramount ofride-up, no chafing, choking or smotheringdw high the jacket
floated theesterstheability to stay upright or faap, ease of turning from fagewn, and a
general feeling of being sdlee graphs below indicate the results per life jacket and tester.

Feeling Safe in Water per Life Jacket
100%
Z  80%
g
g 60%
4
= 40%
L
=
X 20%
0%
ABCDEFGHIIJITEKLMNOPQRSTUVWVWXY ZAAABAC
BTypel ®Typell ®™Typelll M™Inflatable Vest ®™Belt Pack ™50 N
Feeling Safe in Water per Teste
100%
90%
o 80%
0
s 70%
o
2 60%
~ 50w
()
> 40%
° 30%
=
20%
10%
0%
CM CR S TS CW SL(6) SM MD AA WE KH RH(7) BK LS RT
(M (19 (13) (23) (23) @ (14 10 (13 (13) (16) (12) (19)
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PHASE 2 T IN-WATER TESTING OF RESCUE RETRIEVAL METHODS

Several retrieval methods were tested in both the pool and opématvaieludedife jacket lift,
sitin net,parbuckleescueet, and backboard. These methods required littleinvahyement of
a person assisting with his or her retrieval in ordddtess the issuepdrsorthat may be
incapablef helping with their rescugoatladdersvere not included in the study bec#usg
require a person able to climb a ladder and in rough wave cotiditisses ofaddersnaybe
hazardous.

Life Jacket Lift: This method, which was described earlier =
this report, was testé@ times in the pool and #mes in the
open wateby a total ofL3 testerdt isthe quickest retrieval
method, but is best used with low freeboard boats. The we
of the persoto the strength of the person doing the lifting ig*
another factor. Theeight of the heaviest tester was 235
pounds and it required two men to do the lifting. Generally
anyone weighing over 150 powvdkneed two lifterdAs
mentioned earlier, the life jacket fit was another considera
Too looseandthere was a risk ifslipping off during the lift. ===

Also tested was the orientation of a tester tsidleeof the

rescudoat: facing the lad or back to the bodthebackside to the boat works best with a low
freeboard RIB where the lifter canthit persowerticallykeeping thepineof the person being

lifted in columnWith this orientationhe ratio of the weight of the person to the strength and size

of the lifteris criticallyjmportant. If successful, the retrieved person ends up sitting on the top of

the tube and only needs to swing his or her legs into the cockpit. If the person in the water cannot
be lifted keeping thepinein column, then facing the side of tbgcue boas the best and safest
alternativeMostlifts were done with testers facing the boat and the side of tHe pamuple
casegesponses indicated discomfort whinpressure odjacket on the body and of the crotch

straps Another problem wagaket snagging aheboab il or handle bars

Sit-In Net: This net was tested 20 times in the pool and tviag
in the open water involving a total of 10 testers. Four of th
testers rated this method as the best one. The net is depl
by throwing a bag containing a floating polypropylene line
is used byhe person in the water to pull the net toward hinr
her. The person gets into the net in a sitting position and i
hoisted up over the side of the rescue boat usually by two
people. This method is more comfortable than the life jackjs
lift because theis no rideup pressure from the life jacket, b
again the ratio of the per}EE
lifters is a determining factor in its success. If the rescue boat

has a davit or boom, it makes this method more successful for both thanpkteerrescuers.
Figuring how to get into the net was confulsingne tester, and another tester found it difficult to
pull on the polypropylene line with only one hand.
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ParbuckleRescueNet: This was tested 11 times in the opa =
waterby 8 testersut not in the pool becausettod shape of
itsedgeThenetisdeployed over the side with @uge
attached to the boat. The tester is floated into the submert
net head first and then parbuckled (rolled) up over the sidt
the boat. Th soft tube of a RIBas a positive effect tme
comfort level of tis method.Some testers ended up fdoan
on top of the tube. If they have upper body mobility, this is
a problem because they can easily get into an upright pos
But for anyonevith inadequate mobility, they will need
assistance. The other cautionaxy lie aware of the possibilitytleé remaining portion ain

amputated limb slipping through one of the openings in the net which could result in an injury as

the person is paubkled into the boaCheck to make sure this has not occurred before starting the
retrievalThere were positivemmentgecorded fronfourt e st er s such as overy
systemdbqui ck; comfortable; very effective into a

Backboard: The backboard was tested 4 times in the pool ~ -
5 times in the open water by a total of 7 testers. Three of t -
testers reported this method worked best for them becaus :
did not have to do anythirtgowever, positioning and
strapping a person oretboard could take considerable timeg
especially in the open water wave conditions. The length ¢
straps was also a problem withonetestee n t hey
overthe bulk ofhislife jacketSubsequent to the testing, we
learned the use of backlasais no longer recommended as
they have been found to heightem itisk of damage to the
spine.
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PHASE 3 7 LIFE JACKET PERFORMANCE | MPRO VEMENTS AND AWARENESS

Life Jacket Manufacturers

This phas@wvolvedsharinghe findings of the life jacket stwdyh manufacturers and encouraging
them to improve the performance of life jackets for boaters with adaptiviniiedigls here was
also the possibility the study results megttmmendhe need to devel@gnd tesan adaptive
prototype life jacket.

A presentation of The Cl aget t dacketAssdciation ac ket s
Conference, which was attended by manufacturers and representatives of the US Coast Guard, the
National Association of State Boating Law Administrators (NASBa#onal Safe Boating

Council (NSBC), Water Sports Industry Association, American Canoe Association, and the
Underwriters Laboratories (ULherewasstrong interest ithe study becaugeseemed that this

was the first time data had been collectdifegacket performanaavolvingadaptive boatershe

facedown rotation of the adaptive testers was of particular interest with some of the attendees.

After the presentatidhere was a discussigith several manufacturers andRivector UL
Standard€anada who also chairs the UL Standards Technical Panel 1123 that has been developing
CanaddJS standards for life jackelthere was agreemémit more data needed to be collected on

life jacket performance with adaptive boaters to det¢gtsifiect on existing standards thre

need to develogeparatéfe jacket standards for adaptive boaters. Two data collection approaches
wereconsideredOne would be the inclusion of two adaptive testers in future life jacket certification
testing byJL or to conductnother and larger grdahded study led by the Life Jacket Association

in cooperation with UL. The latter approach was the preferred one, but would be dependent on the
Association getting approved as aprofit organization.

Public Awareness and Education

During the studyt became apparethiere was a
need for increased awareness and education
concerning life jacket performance,ardy for
adaptive boaters but for their instructoosiches, &
course providers and event organiZéis.resulted
in a presentation of the study at US SaiB0d8 | 3
Leadershirorumwhich included a life jacket
demonstration in a pool by sixlebodiedpeople
with a mix of body shapes. Five life jackets were
Type lllinherently buoyant ones, one VIRILPS :
(crotch straps) and two were 11.2 Ibs. (50 Newt \
Leve) jacketsThe sixth waaninflatabldife jacket
with RUPSAfter swimming a short distantteg
demonstratorperformed the maneuvers of static
and dynamic stability, and faosvn rotation.
There were eyagpening moments for both the demonstrators and audience whehe petiple
wearing the 11.29bjackets floated lower and turned-éeeenin the static stability test. A pear
shaped demonstrator with no RUPS had considerablg pdeblems while another pshaped
person with RUPS had little or none-tige The reaction to the pool demonstration highlighted its
effectivenes® increas¢he message of awareness and eduoétifinjacket performance

Face-down rotatlon three have rotated one |s
starting to rotate, and two did not rotate.
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SUMMARY OF CONCLUSIONS

Key Takeaways:

u Further study of life jacket performance with both adaptive needs dratlsaleeople is
needed to collect more performance data to inform nmarsfacturers, and the standards.

u Many existing life jackets were suitable for the adaptive testers, but improvements could be
made to make them safer and more wearable.

R Rideup of life jacketsvas a significant factordamfort and performance thfe life
jacketsand needs to be addressed.

R The use of RUPS (crotch or thigh straps) was effective in reducing or eliminating
rideup and more awareness of their benefits should be increased and included as an
option.

R Improvements are needed with regard ¢t&lbg, straps and their adjustment. The
direction of pull in tightening a strap affects its adjustment: pulling forward is easier
and more effective than pulling backward.

R Side zippers were more difficult to engage and zip, especially for peopleadith limit
dexterity or without a hand.

R The visibility of life jackets could be improved by more brightly colored tops and
shoulder straps, and reflective strips.

u The importance of the selection of life jacket and proper fit to enhance life jacket
performance ancbmfort needs to be emphasized.

R Body shapes (pesinape, veshape, short torsos)danoticeableffect on rideup
andmore consideration of trelould be taken into accoumthe design of life
jackets and their fit adjustments.

u Life jackets were fodrio be noticeably difficult to put on and adjust for a good fit while in
the water. Therefore they should only be considered as a reliable life saving device if they are
worn at all times while on the water.

u The amount of a |ifthe)jwekheeddsbtibpaatyonff
thew e a rnmausclé masnd fat mass indexes seem to be a factor as well and more study is
needed.

R The flotation performance and rotation ability of the 11.2 Ibs. (50 Neetels
jackets, which meets European standaedenuaticeably inferior to the US Coast
Guard required minimum 15.5 Ibs. buoyancy janketisose with higher
buoyancies.

R The amount of flotation on the front and back of a life jacket affects whether a
person floats faegown, vertical or faag. Moreflotationon the front resists face
down, butmakes it bulky and may negatively impact freedom of movement or
difficulty with using a zipper on the front.

R Inflatable life jackets were very effective inkeeg t h e -upenshewates 6 f ac e
and turning them from a fadewn position to faeep. If a person are
unconsciousr too weak, the survival rate wouldnipgrovedwith an inflatable
compared to a Type lihherently buoyaracketHowever, it isritically important
to routinely inspect the inflatandCO, cylinderand test fomflation leak$o
minimize the risk of malfunction.
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u More awareness and education is needed to imbtinradaptive and abdedied boaters
about the importance ofodelselection, fitRUPS and maintenance.

R oTry bef odirghe yateuit islditfiguléto predict how a particular life
jacket design will work on people of different physical shapes and abilities. The only
sure way to know is to try the life jackehe water.

u Itis recommenedthatall future testing protocols for life jacket certification should include
adaptive neegeeople along with abb®died peopléfhe recommended adaptive categories
are:

R At least one (1) above the elbow amputation
R One sideof the body affected by paralysis (e.g., stroke, TBI, etc.)
R Paralysis at or above Vétebrate

Additionally, it is recommended that the certification protocol include testing of the amount
of effort to rotate from faedown to facaup.

Respectfullgubmitted by
Timothea S. Larr
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APPENDIX AT LIFE JACKETS

The following are life jackets that westedn the study, many of which were donated

A ¢ Astral Camino (15.5 Ibs. buoyancy, SM/MD)

B ¢ Astral Norge (17.4 Ibs. buoyancy, LG/XL)

C ¢ Astral Linda (16 Ibs. buoyancy, SM/MD)

D ¢ Baltic Dinghy Pro (13.5 Ibs./50 Newtons Level)

E ¢ Kokatat Aries (16.5 Ibs. buoyancy, MD/LG)

F ¢ Kokatat Bahai (16.5 Ibs. buoyancy, SM/MD)

G ¢ MTI APF (16.75 Ibs. buoyancy, Universal)

H ¢ MTI Atlas (24 Ibs. buoyancy, XS/SM & 26.31 Ibs. buoyancy, MD/LG)
| ¢ MTI Cascade (15.5 Ibs. buoyancy, SM/MD)

J ¢ MTI Destiny (16.5 Ibs. buoyancy, LG/XL)

K ¢ MTI PFDiva (16.5 Ibs. buoyancy, SM/MD)

L ¢ MTI Fluid Belt Pack (26.13 Ibs. buoyancy, Adult universal)

M ¢ MTI Mona Lisa (17.0 Ibs. buoyancy, MD/LG)

N ¢ MTI Reflex (16.38 Ibs. buoyancy, XS/SM)

O ¢ MTI Trident (15.69 Ibs. buoyancy, LG/XL)

P ¢ MTI Vibe (15.5 Ibs. buoyancy, LG/XL)

Q ¢ NRS Ninja (16.5 Ibs. buoyancy, LG/XL)

R ¢ Mustang Hybrid Inflatable (22.5 Ibs. buoyancy, Adult universal)
S ¢ Revere Inflatable (35 Ibs. buoyancy, Adult universal)

T ¢ Salus Ungava (15.5 Ibs. buoyancy)

U ¢ Spinlock Deckvest LITE Inflatable (38 Ibs. buoyancy)

V ¢ Stohlquist Betsea (16.63 Ibs. buoyancy, SM/MD)

W ¢ Stohlquist Drifter (16.63 Ibs. buoyancy, LG/XL)

X ¢ Stohlquist Rocker (16.5 Ibs. buoyancy)

Y ¢ Kent Type | (32 Ibs. buoyancy, Adult universal)

Z ¢ Kent Type 11 (15.5 Ibs. buoyancy, Adult universal)

AA ¢ West Marine Medalist (17 Ibs. buoyancy, M/L)

AB ¢ Zhik (11.2 Ibs./50 Newtons Level, SM & LG)

AC ¢ West Marine Runabout (15.5 Ibs. buoyancy, Adult universal)
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APPENDIX B 1 TESTERS

BMI 8 Body Mass Index
SBMId Smart Body Mass Index

AA

MD

WE

KH

RH

BK

SL

CM

SM

CR

LS

SS

TS

RT

CwW

male; 19-30yrs.;able-0 2 RASRT pQmmé 3 wmc p (forna rdnge); ail, skl opkTNX

female; 22yNE ®T OSNBONI f LI fae s SLIAfSLIAesT ¢S] ST
(normal range); sail

male; over 50 yrs; AK, left amputee; sail

male;248 NET ¢. LY yYSdzZNP Ydza OdzZ F NJ £t STl @varRe® pQmmé 39
range); kayak, SUP, sailing, swim

male;over50@ NB T . YXZ NRIKG F YLz SST p Qobes€range), Hop f 0adT
canoe, kayak, SUP, rowing, sailing

male; 31-50 yrs; bilateral AK amputee; (¢ Q)& 455 Ibs.; SBMI 32/70, BMI 21.0 (normal range);
kayak, sail, swim

female; over 50 yrs; peripherial neuropathy, feet & fingers; kayak, sail

male; 31-50 years; cerebral palsy

male; over 50 yrs; paresthesia, weak left side; sail, swim

male; 31-50yrs.;able-6 2 RA SRT p Q 8BME36/30, BMIT2317 (rortnal rdnige); sail

female; over 50 yrs; MS/paraplegia T8 level;p Qdpé 3 mMnna f 0 a ®T(nofmal earlge);0 H K T N X
kayak, rowing, swim

female;pn @NART LI NI LJX STIAO0 ¢nkpT quiderieiglt rangaysail, t 6 & ®T { .
sea kayak, scuba diving, open-water swim

female; 31-50 yrs.; born amputee all four limbs; canoe, kayak, sail, swim

male; over 50 yrs; below elbow BE): NA IK{G | YLz SST pQyé¢ 3 mohp fo0ad
(overweight range); sailing, scuba diving

female;31-pn @NEBE®PT LI NIAFE LI NFLXSIAO ¢y 3 0St26T pQ
(overweight range); kayak, sail, swim



% of Yes Response

100%
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APPENDIX C1 ADDITIONAL GRAPHS

Did the PFDnake it difficult to move in the water?
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20% -
10% -

0% -
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ETypel ®Typell ®Typelll MInflatable Vest MBeltPack ®50N

Did the PFDnake it difficult to move in the water?
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% of Yes Response

30%
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CM CR SS TS CW SL(6) SM MD AA WE KH RH BK LS RT
(7 (19 (13) (23) (23 @ (14) (10 (13) (13) (1) 18 (12) (19

“male ® female
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% of Yes Response
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Did you have difficulty maintaining stability facap?

1 .11

M R SS TS Cw SL() SM MD AA WE KH RH BK LS RT
(7 (19 (13) (23) (23) @ (14) (10 (13) (13) (1) (18 (12) (19)

“male * female




