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INTRODUCTION

Survivors of maritime mishaps in cold, rough seas confro.t two,
acute, life-threatening problems: diowning and hypothermia (1-5). To
maintain airway freeboard, a survivor must have adequate buoyancy to
keep his head afloat and must possess both the physical skills and :
psychological aptitude to combat the effects of wave action (1,6). ”
Although a perscnal flotation device (PFD) assists in maintenance of
alrway freeboard, waves can still submerge a survivor's ‘head, even in

moderate sea—statés (7~10). A survivor can reduce his risk of drowning
in rough seas by either climbing atop a capsized vessel or aircraft or
by entering a liferaft (1,6,9). In both these environments, however, §
the survivor may still have to cope with the effects of cold wind, spray
and waves.,

To prevent immersion hypothermia, a survivor must wear adequat;e
protective clothing to minimize conductive heat loss to the water.

Insulated garments for this purpose have eith r "wet" or "dry' charact-

eristics. "Wet" garments (e.g. wet-suits, insulated coveralls, etc.)

permit direct contact between the water and the survivor's body; "dry"

garments (e.g. immersion suits, coveralls with water~tight neck and

wrist seals, etc.) exclude water from contact with the survivor's body.
Studies on the degree of protection provided by such clothing have )

usually been conducted in a laboratory or other calm-water setting (11-

20). Many maritime mishaps, however, occur in rough seas (21-25) where

a survivor's cooling rate may be affected by swimming to maintain airway

freeboard (26), passive movements of the body by waves (27), flushing of

cold water through "wet" suits (28) and leaking of cold water into
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"dry" suits (20,29). Two recent studies demonstrated significantly
faster cooling rates for human volunteers wearing 'wet" protective
garments in rough water (30) or moving water (28) than in calm water.
Another recent studvy showed higher energy expenditure and faster cooling
rates for subjects in a wave-tank than for subjects in calm water (31).

The U.S. Coast Guard and other rescue organizations currently
recamend that a survivor of a maritime mishap in cold seas get as much
of his body out of the water as possible in order to miniinize cooling
rate and maximize survival time (6,9,32). This recomendation derives
fram the higher thermal conductivity of water caompared to air at the
same temperature (33). Scientific studies to verify this recommendation
have not yet been performed. Survivors exposed to cold air are still at
risk from hypothermia secondary to convective, evaporative and radiation
heat losses (33-36). In a rough-sea environment, wind increases the
magnitude of convective heat loss (34,37), and spray and periodic wet-
ting from breaking waves cause conductive heat loss as well.

Various studies have measured the insulation in air of different
types of cold-weather protective clothing (e.g. down-jackets, woolen
shirts, fiber-filled coveralls, etc.) (33,38-40), and clothing that
remainsg dry provides significantly better protection than does clothing
that is wet (41-42). No study, however, has evaluated the combined
effects on wet clothing of cold wind, spray and periodic immersions in
o0ld water, which might occur for survivors atop a capsized vessel or

ditched aircraft in foul weather.

t’ﬁ
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3

The rurpose of this study was to evaluate core temperature cooling

rates and skin temperature changes of human volunteers wearing various

iy
. 0
“I
5

S types of protective clothing in three, realistic, sea-survival environ-
1, b‘

;Eaf ments: 1) immersion in rough seas; 2) exposure to cold wind, spray and
i-‘,je‘ waves atop a capsized boat or helicopter; and 3) exposure to cold air

o P
-~
SR =

and rough seas in a one-man liferaft. The protective clothing included

garments currently used by merchant seamen, recreational boaters, fish-

ermen, U. S, Coast Guard aviation and vessel crewmen, and U. S. Navy
;‘} aircrews. A prototype U. S. Navy aviation "dry" suit and a prototype
% Navy one-man liferait were also included.

. The hypotheses were: 1) for all test garments, cooling rates are
;‘é faster and skin temperatures are lower for subjects immersed in rough

seas than for subjects atop the boat or in the liferaft; 2) for subjects
immersed in rough seas, 'dry" insulative garments provide better

o protection than do 'wet" insulative garments, and tight-fitting 'wet"
garments provide better protection than do loose-fitting "wet" garments;
3) for subjects inmersed in rough seas, a leaky ''dry" garment provides
less protection than does an intact "dry'" garment; 4) for subjects in

the liferaft or atop the capsized boat, loose-fitting, insulated "wet"

o protective garments provide better protection than does a tight-fitting
o wet-suit.
1A
s
3 METHODS
e
(\j A. Experimental Design
i ui
' )
‘ :'.-1 The experimental design was a cross-over study using eight sub-
._‘ *
- jects, six gurment-ensembles and three survival environments. Fifteen
ij:
¥
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carbinations of garment-ensemble and environment were evaluated, and
B each of the eight subjects participated in each combination. Subjects
W wore the different garment-ensembles in random order both within and

between environmental conditions. Six subjects participated in the

':?‘ tests each day, but no subject participated in more than one test per
1:%2 day in order to ensure physiological homeostasis between experimental
- trials.
. _;:?.E The dependent variables in this study were: 1) rectal temperature;
%t: 2) skin temperatures (a weighted-mean of chest, arm, thigh and calf; ‘ :
" "’*‘.ﬁ and forehead); and 3) subjective evaluation of garment-ensemble perfor- :
,; mance. 'The independent variables were: |) garment-ensemble and 2) b
i survival environment. |
: i
5'% B. Subjects
3
E;;:: The use of human subjects was approved by the University of g

. Washington Human Subjects Review Cormittee and by the U.S. Coast Guard
¥ Chief of Operational Medicine (COMDT (G-KOM)), by the Chief of Safety
Programs (COMDT (G~CSP)) and by the Chief of Search and Rescue (COMDT
(G-OSR)). 'The use of humans subjects in this study also conformed to

' the Recommendations fraom the Declaration of Helsinki (43). i

A !
' The subjects were eight, active-duty, male, Coast Guard volunteers, 3
& each with experience as a helicopter or lifeboat crewman. They were
o Y
g selected on the basis of anthropametric similarity, swimming skills, '.;
,‘j physical fitness, experience in search and rescue operations, and the
ability to withstand extreme discomfort. Prior to selaction, each
2 -
.
2 :
Wy oY
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* 4 .‘A
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b, 5
e subject read and signed an informed consent docunent. The eight volun=-
:*EE teers were not representative of the Coast Guard male population:
"{;\: because of the risks involved in this study, subjects were required to
i demonstrate better than average physical fitness, swimming ability and
f:;: capetence in rough-sea conditions. In addition, the volunteers had a
é% lower percent body-fat than the average Coast Guard male, Each subject
J passed a canplete uhysical examination and maxinum treadmill stress test
ﬁ% prior to the start of the study.

?ﬁt A The physical characteristics of the subjects are shown in Table 1.
;é Skinfold thickness was measured with Lange calilpers. Percent body-fat
ﬂi was calculated using the mean result of five equations based on skinfold
.'iQ:' thickness (44-48) and the result of hydrostatic weighing using cstimated
* residual lung volumes (49), Maximum oxygen consumption was calculated
, from heart rate responge to a maximum treadmnil). exercise test (50).

{

" TABLE 1. PHYSICAL CHARACIERISTICS OF THE SUBJECTS

w

t Skinfold sody .
% Subject Age Weiglit Helght thickness* Fat VO2 (inax)
= (yrs)  (kg) (cm) () (%) (ml/kg/min)
R Tttt ettt e
o 1 21 70.9 172.1 7.4 7.7 51.8
2 2 28 67.4  177.8 7.3 7.7 49.1
A 3 22 70.5 175.3 10.4 10.8 49,2

A 4 22 66.1 171.5 12.4 14.5 51.1
2 5 20 74.5 175.3 8.3 9.6 49.3
et 6 24 76.8 175.3 11.6 12.8 58.2
o 7 25 74.4 175.3 10.1 1.9 52.1
o 8 26 72.7 177.2 1.7 13.8 36.9
W Means  23.5  71.7  175.0 9.9  11.1 49.7

' SEM 1.0 1.3 0.8 0.7 0.9 2.1
ié', *Mean of three sitas: triceps, subscapular, and abdaainal

)
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) 6
?!& .
;::;i C. Garment-Ensembles
'c:l'zt The six garment-ensembles in this study represent a sample of cold-
?:5:1 weather clothing worn by Coast Guard aircrewmen and vessel crewmen, by
i:t Navy aircrewmen, and by recreational boaters, fishermen and commercial
| 3 maritime personnel. The garment-ensembles are grouped as follows: 1)
%’ one control; 2) three "wet" ensembles (cne tight-fitting and two loose-
t:; fitting ensembles); and 3) two "dry" ensembles (one intact and one with
" a deliberate leak). The items of clothing camprising each enserble
" represent the most frequently used operational configuration. The six
; garment-ensembles are listed in Table 2 and are briefly described below:
3 1) Flight Suit (PS): This is the standard, aviation, sumnerweight
v
ot coverall worn by military flight crews. It is a single-piece coverall
| *3 made of Aramicd III (Nomex), fire-retardant material. Its Military
% Supply Catalog designation is CWU-27/P, "Coveralls, Flyers, Summer,
-: Fire-Retardant; MILC-83141A." It has minimal insulation and served as a
4 control garment in these tests. It was worn with the following ;
o additional items: flight helmet (SPli-3); leather £light boots and two |
pair of wool socks; Aramid III briefs and full-length, cotton thermal i
{2 underwear; 3.2 mm Neoprene closed-cell foam (wet-suit) gloves; and an ):
E.:: inflatable personal flotation device (PFD), model LPU-26/P., Figure 1 E
shows this ensemble, :
3; 2) Wet Suit (WS): This "wet" garment is used by military aircrews, '
:’ﬁ by vessel crewmen, and by many civilians as well. It consists of an
N upper and a lower piece of 4.8 mm Neoprene closed-cell foam. The upper

plece fits snugly over the trunk and arms, and it has a beaver-tail for
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ensuring tight fit around the groin. The lower plece fits snugly over
N the lower extremities. The model designation . the wet suit is "2080- ;‘
(X 4A" from Henderson Aquatics, Milville, NJ. It was worn with the (
following additional items: a 4.8 mm Neoprene closed-cell foam hood
X worn wderneath the £light helmet; Aﬁamid III briefs and full-length,
& cottor, thermal underwear; £light boots with two pair of wool socks;
wet-suit gloves; and an inflatable PFD (LPU-26/P). .Figure 2 shows the

03 wet suit without its accompanying ensemble of life-jacket, helmet, etc. g
s 3) Aviation Coverall (AC): This "wet" garment-ensemble is worn by 3
t Coast Guard helicopter persomnel f£lying over cold water (i.e. < 15°C). ;
5'-5 It is a loose-fitting coverall with an inner and outer lining of Aramid , ;
, III, fire-retardant material., Its ihsulation consists 6f 3.2”rrm :
polyvinyl chloride (PVC) foam throughout. Its model designation is ’
“:i‘? "MAC-10" fram Mustang Industries, Vancouver, British Columbia. It was ?:

’ ‘ worn with the following additional items: a 3.2 mm Necprene, closed- *
" cell foam hood worn underneath the flight helmet; Aramid III briefs and s
n full-length, cotton thermal underwear; f£light boots with two pair of ",'
wool socks; wet-svit gloves; and an inflatable PFD (LPU-26/P). Figure 3 g
L.“ shows the aviation coverall ensemble, :
3"'% 4) Boatcrew Coverall (BC): This "wet" garment is widely used by ,
::;:.': Coast Guard lifeboat and cutter personnel. It is also used by many .‘
= civilian recreational boaters, fishermen and commercial maritime ‘
3 personnel. It is a loose-fitting coverall with various widths of PVC E
i’ foam, as follows: anterior chest, 15.9 mm; back, 7.9 mm; anterior E
'j abdomen, 7.9 mm; sleeves, 4.8 mm; upper legs, 4.8 mm. It has a Nylon, . L
N0 i
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A N

AT G R R o Tgs Y O T s AT O T AN
LR ATE A SRR St s S B I

Y Y PP AR A e n.‘-*. .
a0y . / vh! AR ,A




8
waterproof outer shell and an attached hood insulated with 6.4 mm PVC

closed-cell foam, Its model designation is "IFS 580" from Stearns
Manufacturing, St. Cloud, MN. It was worn with the following adlitional
items: Aramid IIT briefs and full-length, cotton thermal underwear;
Coast Guard "working blue,” cotton uniform shirt and trousers; wool
watch cap; flight boots with two pair of wool socks; and wet-suit
gloves. Figure 4 shows the boatcrew coverall ensemble.

5) Navy Dry Suit (intact) (NI): This experimental "dry" garment-
ensemble is proposed for use by U.S. Navy aircrews flying over cold
water in either high-performance, fixed-wing aircraft or in helicopters.
It conasists of a loose-fitting, polytetraflourcethylene (P'I‘FE),‘ Aramid
III coverall with integral booties and watertight wrist and neck seals
nade of soft, pliable rubber. It has a watertight zipper extending
horizontally across the chest at the shoulders fram mid-right arm to
mid-left arm The watertight PIVE layer is intended to minimize heat-
stress by permitting evaporation of sweat. Its designation is CWU-62/P.
It was worn underncath the flight suit (CWU-27/P). It was also worn with
the following additional items: Aramid III briefs and full-length,
cotton thermal underwear; olefin fiber-filled insulated underwear
covering the trunk, mid-arms and mid-thighs; flight boots with two pair
of wool socks; flight helmet; parachute torso-harness (MA-2); anti-G
sult; and a Navy inflatable life-jacket (LPU-23/P with survival vest
(S8V-2). The cotton thermal underwear and the olefin fiber-filled
insulated underwear are shown in Figure 5, the dry suit itself is shown
in Figure 6, and the full dry suit ensemble is shown in Figure 7.

6) Navy Dry Suit (torn) (NX): This ensamble is identical to that




T
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9
just described, with the exception of a 5.1 cm tear in the left, rear

-

shoulder-seams of the CWU-62/P itself, of all its undergarments, and of
; the £light suit worn over the CWU-62/P. The tears sinulate damage to
‘ the garment-ensemble which would 1ikely occur with through-the-canopy b
| ejection from certain types of highwperformance aircraft. Figure & ) _ _ -
; shows a rear view of the dry suit with thatc_:m left-shoulder gseam, and N . |
{. . Figure 9 shows a closeup of the tear. ” : “ '
' Wet suit gloves were used by all subjects in this at‘:ud'y becauee the =2
tybe of handwear normally accompanying scme of the garment-ensembles ]
(e.g. £light gloves for FS, leather gloves for HC and anti-exposure 4 N
mittens for NI and NX) could not provide adequate protection (i.e. - |-
A finger temiaeratures > 8°C)I.in the cold water used in.thi's, experiment, B 3
All garments were custom-fitted to each subject using normally ' .
available sizes and normal fitting procedures. During each test, all A -
h ~ garments were configured for maximum protection: zippers were closed;
N lioods were gecurely fastened; ankle, wrist and thigh straps were
tightened; beaver-tails were deployed; flotation clevices were properly
worn, etc.
The garment-ensemnbles were tested in the various survival environ-
i ments as fol lows: FS, AC, BC, WS, NI and NX in rough seas; FS, AC, BC,
' and WS in wind, spray and waves atop the overturned boat; FS, AC, WS, NI
b and NX in cold air and waves in the one-man liferart. BC was not tested
in the raft because vessel crewmen do not normally use an aviation
liferaft. NI and NX were not tested atop the overturned hoat because

most Navy aircraft do not ramain afloat after ditching.
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Figure 5. Undergarments for Navy Dry Suit Ensembles !
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Figure 6. Navy Dry Sult (intact)

T RS o TN N T L RS s Dot i 4t




P T

FA e 2o o,

‘;‘r—

Figure 7.

>

EX

Navy Dry Suit Ensemble

e A A o T T A T S A A S T
pi a . »! - y = 8 R

W,

16

SRR

-

AT e pemavay Ve

I e T

T T (P, 0, P,

el y

AL,




P 17

o [EEPETRY Y

Rear view of Navy dry suit showing tear in left shoulder seam
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, 3
TABLE 2. GARMENT-ENSEMBLES
kY
%
’ﬂ; Test Head Hand Foot Additional 7,
: Gamment*  Unclexwear Covering  Covering  Covering — Equijpment N
Fs- Aramid III Flight Wet-suit Wool socks Inflatable N
| briefs; full=- helmet gloves and Flight PFD v
F length, cotton  (a) (b) boots (c) g,
X thermal under- : : 5
: wear g;‘;
ws Same as for 'S Wat-suit Wet-suit Wool socks Inflatable T
. hood (d); gloves and Flight P¥D i
\ Flight boots o
8 helmst A"
;'
9 AC Seme as for FS Wet-sult Wet-suit Wool socks Inflatabie ‘:
) liood; gloves and Flight PFD _
§ Plight boots 2
N . helnet gaf.
‘. -
# . BC Same as for FS; Wool cap Wet-suit Wool socks None 3?}%
M cotton wniform  wuder an glovas andt Flight h
' ‘ ‘ shirt and insulateci boots K
X trousers hood (@) ;:;g
8 i3
o NI Same as for FS; Flight Wat-suit Wool socks Inflatable aA‘;
" olefin fiber~-  helmet gloves and Flight PED; ::25
s filled, insul- boots parachute e
' ated underwear harness(g) ; g
(f) anti-G suit
P -4
; INX Same as for NI  Vlight Wet-suit Wool socks Same as for 4
\ helmet gloves and Flight I !
" boots
~ * Pe=flight sult; ViSawet sult; AC=aircrew coverall; bCshoat- ::i.
b crew coverall; NIsNavy dry suit (intact); NXaNavy dry suit ,.::
¥ (torn). See text for complote cdescription of garments. :.::
\t LY
o (a) Military designation: SPH-3 a
(b) 3.2 mm Neoprene, closed~cell foam -
i (c) Coast Guard designation: LPU-26/P g
A () 3.2 mm Neoprene, closexi-cell foam g
(e) 6.4 mm Neoprene, closed-cell foam with a lMylon cover R4+
(£) Navy dezignation: QWI-27/P; covers trurk, upper arme and :,,‘;
2 upper legs .
(g) Navy designation: MA-2 ..
o 4
L 1::
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D. Equipment

A capaized, 17-foot, Coast Guard training boat was used as the test
platform both for sulijects in the water exposed to rough scag and for
subjects atop the boat exposed to wind, spray and breaking waves. ‘The
interior of this vessel was fitted with anpty barrels to permit a
variable amount of bouyancy when the boat was inverted. The outer
surface of the hull and the port and starkoard sides of the hull were
fitted with stainless steel handrails. These permitted svbjects in the
water to hang onto thie capsized boat in the rough seas. The handrails
also prevented the subjects atop the capsized boat from being washed
overboard by the breaking waves., Strips of non-skid, rubberized decking
were applied to the hull for safety in walking and standing on the
overturned boat. Finally, the bow of the capsized hull was fitted with
stalnless stesl scaffolding to permit attachment of the wind- and spfay-
apparatus. Flgure 10 shows the test-platform.

The capsized boat was secured in place with mooring lines, One 10
m length of line attachied the stern of the boat to a 1400 kg anclior-
Iuoy. Another 10 m length of line attached the bow of the boat to the
starn of the 52-foot Motor Lifchoat (MLB) TRIUMPH (which served as a
loating laboratory for these studies).

Wind was created artificially with three, Navy, standard, portable
blowers (FSN 4140-00-267-0967) working in parallel. (These tans are
normally used in fire-figh ing to evacuate smoke from enclosed
campartments). A wooden enclosure was constructed to house the three
blowers so that their cawbined output could be channeled through a

single duct. 'The blowers were located on the stern of TRIUMPH and were
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powered with its A/C current., The output from the blowers was directed .

into a 15 m length of flexible, 30 cm diameter ventilation ducting. The g

. proximal end of the ducting was attached to the wooden housing of the 'Ei;
. blowers; the distal end of the ducting was attached to the scaffolding :i

] on the bow of the capsized boat. During experimental trials, wind speed v
1 was checked every 30 min with a calibrated, hand-held anemometer. %

: Figure 11 shows the blowers and ducting on the stern of TRIUMPH and, in ‘j';u

‘ the background, a subject seated on the test platform in front of the :."

) ducting's distal end. ‘?é
:; Continucus cold-water spray was directed at the subjects atop the ;f‘:
. capsized boat through a sprinkler liead attached to an ordinary garden e
hose. This was affixed to the scaffolding on the bow, directly above the ]
': opening of the ventilation ducting., The water from the sprinkler was _ﬁ'
_  thus directed at the subjects by the wind from the ducting. Ambient 'v&%
. water was supplied to the garden hose from a water-pump aboard TRIUMPH.
. 3 Figure 12 shows the configuration of the wind and spray apparatus on the 2
capsized boat. One subject is shown in the water hanging onto the :
. submerged starboard handrail; two subjects are shown seated in front of ':\
': the ventilation ducting and sprinkler head. The handrails on the top of \
.’_ the hull are clearly visible; those on the side of the hull are \
) underwater and are not visible. "'{:-{'\
..- The one-man liferafts used in this study were prototypes developed ;\\‘

by the U.8. Naval Air Development Center, Warminster, FA. The : |

designation of the liferaft is "LRU-18/U, V-Bottom Life-raft."” The raft __

is designed to be packed in a small, soft container and worn as a l::~

backpack. It is intended for use by helicopter craws following egress ;:?
o ]
Y o
K Ea%
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Figure 10. Capsized-boat test-platform
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f'igure 11. Wind-gencrating blowers and ventilation ducting.
Subject seated on test-platform experiences wind speed of
7.5 - 10.0 m/sec (15-18 knots).
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25 v
from a ditched or capsized aircraft, when the multi-place liferaft ‘

normally carried in the cabin of the helicopter might not be accessible.

After the raft is ramoved from its container, it is inflated with a Ny
3 cartridge. The survivor then enters the liferaft and orally in-
flates a set of auxiliary buoyancy tubes to increase the raft's free-

board. Since the boarding procedure necessarily introduces a larye s

e

?

quantity of water into the raft, the survivor must bail the water dut of
the raft with his f£light helmet. This procedure usually requires about

3<5 minutes. Once bailed out, the raft provides about 40-50 cm of E
freeboard in calm water. Figure 13 shows a subject seated within a E:
fully bailed out raft. ”
During the tests, the rafts werg secured to TRIUMPH with a safety ,,
line suspended from a boom. The boom was constructed of various lengths ;:i
of PVC pipe, as described previously (30), Tethering the rafts in this
manner prevented them from being carried away from the test site by ?E
elther the current or the waves. é
E. Environmental Conditions '
All tests were performed in the Baker Ray region of the Columbia L |
River at U.8, Coast Guard Station Cape Disappointinent, WA. Rough seas *
were created artificially with the wake of a Coast Guard 44-foot (MLB) ;
rurning at 5 ni/sec (9 knots). Wave helght was 1.5 m; wave frequency was F
1.5-2.0 waves per minute; wave speed was 5 m/sec. Every third wave was !
3 a breaking wave. The sea-state created in this manner had previously
‘ been shown to simulate a natural rough-sea environment (30). Ei
)
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“" Mean water temperature was 6.1 : 0.4°C. Mean air temperatures :
were: dry-bulb, 7.7 & 1.0°C; wet-bulb, 7.2 z 1.0°C; black-globe, 9.2 % v
i 1.4°C. Wind spaed was 7.5 ~ 10 m/sec (15-18 knots) at 1 m from the
g opening of the ventilation ducti‘ng atop the capsized boat. Ambient wind g
B at the test site varied fram 0.0 to 2.5 m/sec (0-5 knots). River
o ' current was 0.0 to 1.5 m/sec (0-3 knots). 3
8 The time of day during which tests were conducted was not constant. :
| In order to minimize variations in water temperature (which fell during

™ y)
%é flood tides and rose during ebb tides) and in amblent weather con- ;
i%. ditions, tests were generally conducted during the last two hours of a iﬁ
‘ flood tide. When unacceptably high dry-bulb and/or black-glcbe air ‘:
*' tenperatures were ancountered, tests were cordducted in the pre-dawn or ;f_
: post-sunset hours. Tests were never conducted in direct sunlight. :q‘
f_' Selecting for tidal conditions to control water temperature and to avoid "
j?:: sunlight necessarily meant varying the start-time for each day's tests. ::
E% The slight variation in the subjects' initial rectal temperatures pro- ‘i
3 duced by this procedure (due to the erfects of circadian rhythm) was ).'
;:"' consldered less important than the significant changes in air and water R
': temperatures which would have occurred had the tests been conducted the %
_ same time each day. The small circadian rhythm effect was minimized }
< still further by randomizing the order of tests for each subject, '
'E: garment-ensemble and survival environment. e
F, Measurements ‘.‘

": Rectal temperatures were measured with a Yellow Springs Instruments 'l
B (YSI) reuseabln thermistor (YSI Model 401) inserted 12 om from the anus. .:
N 3
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A 2 om length of rubber tubing was situated 10 ca from the thermistor
tip so that, following insertion, the tubing lay just within the
internal anal sphincter. The tubing thus prevented accidental displace-
ment of the probe.

Skin temperatures were measured from five sites: 1) Forehead (at a
point miGline between the ears ard midline between the nose and the
hairline); 2) Arm (left anterior arm over mid-biceps); 3) Chest (left
lateral thorax in the micd-axillary line at the level of the nipple); 4)
Thigh (left anterior thigh, midway between the groin and the knee); 5)
Calf (left lateral calf, midway between the knee and the heel). Skin
temperatures were measured with YSI reuseable surface temperature ther-
mistors (Model 4093). A mean-weighted skin temperature was calculated
from the arm, chest, thigh and calf temperatures according to the method
of Ramanathan (51).

The rectal and skin temperature thermistor cable leads from each
subject were hard-wired into a single, 2 m length of milti-lead, salt-
water-prbof, polyethylene coated cable. The 2 m cable terminated in a
water-proof, multi-pin connector. ‘‘en of these thermistor-cable
assemblies (called monitering-harnesses) were constructed, and each of
the eight subjects was provided with his own monitering-hammess
throughout the course of the tests. 7The water-proof cable was obtained
fron Whitmore Wire and Cable Co. (Model No. 16878/1), Los Angeles, CA.
The water-proof connectors were obtained from Milgray Inc. (Model Nos.
MS3476L22218W and MS53471L2221PW), Marlton, NJ.

The intact and torn Navy dry suits (NI and NX) were specially

rmodified to permit passage of the monitering-harness cable through the
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garment without affecting its water—t.’tcghc integrity. | This was accamp-
lished by installation of a gasket in the mid-upper back section of the
dry-suit. The gasket was then enclosed within a water-proof, flexible,
nylon tube. The thermistor end of the monitering-harness was fed
.throuqh the nylon tube and gasxet to the interior of the gament,
allowing a sufficient length of cable to permit easy attachment of the
skin and rectal temperature probes. The monitering-harness cable wes
then tightly secured within the nylon tube by means of a hose-clamp.
Finally, the end of the nylon tube was fastened to the cable with water-
proof tape. The nylon tube is seen in Figure 8 extending cephalad from
the rdd-upper pack of the garment.

During data recording, each monitering harness was connected to a
30 m length of water-proof cable via the watef-proof connecter.  The 30
R cable was in turn connected to a computerized data-logging system
aboard tho Coast Guard 52-foot Hotor Lifeboat TRIVAPH, The data
recording system consisted of the following items of Hewl‘ett Packard
(hn?) electronic carponents: Personal Technical Computer (HWP £516S)
with a 3.5" flexible disk drive (HWP 9121D); digital voltmeter (HWP
3456A); signal scanner (WP 34Y54); two-pin plotter (HWP 7470A); and a
thermal graphics printer (HWP 2671A). Rectal and skin temperatures were
obtained every minute fran each test subject. In aadition, water
temperature and dry-bulb air temperature were obtained every minute.
Vet-iulb anc black globe air temperatures were obtained every ten
mmtes.

Subjective evaluations of garment-ensemble performance were

cbtained from each subject arcter each test. 1he amount of cold-vater
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flushing or leakage, the degree of protection from wind and spray, and
the degree of cumfort provided were each scored on a scale from 1
(least) to 10 (most). Flushiinc/leakage of cold water was evaluated only
for the water-immersion, rough-sea environment; protection against wind |
and spray was evaluated only for the boat and raft envircnrents. The
Gegree of comfort of the garrment-ensembles was evaluated for all three
survival enviroments.

The amaunt of water leakage into NI and NX was detemmined by the
dirference in colbined weicht of the subject and garment before and.
after the tests. A correction was made for the small amount of‘ water
retained on the outer surface or the dry suits. No suppleriental equip-
rent was worn during the weighing procedures (i.e. flight ﬁelmet,
gloves, boots, Pr'D, etc. were all reroved). Veights were obtained on a

calibrated, medical beam-balance.

G. Prccedures

The procedural design of this study was intended to simulate, as
realistically as possible, tlie various survival environments faced by
crewmen of a capsized vessel or ditched helicopter in rough seas. A
helicopter invariably capsizes in rough water cdue to the corbined weight
of engines, transmission and rotor-blades positioned hLigh above its
center of mass (52). Certain types of helicopters, hcwever, are capable
of floating in an inverted attitude. rigure 14 shows a capsized Coast
cuard HL(—3F nelicopter following a ditching in which only one of the
crewmen successfully escaped.

A survivor of either a vessel or helicopter capsizing usually rakes
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% an underwater escape from an enclosed campartment. Once on the surface, 3

Ry he inflates his PFD (if available) and then selects from among the \

possible environments (in the water, atop the capsized vessel or i

helicopter, or in a lLiferaft) the one offering the best chance for |

! “ survival. In the procedurea described balow, this segquence of events

;’;: was closely simulated, ;E
i Approximately 90 minutes before the start of each test (tm =90 i
o min), the subjects arrived at the shoreside laboratory at -coast Guard “;
'?;‘ Station Cape Disappointment to begin :l.r;strumentation and dressing Eg
:f::f procedures. Rectal temperature thermistors were inserted, skin . o
,:\;: tamperature t.hemistor‘a were attached with waterproof tape, and the ‘,;:
, ‘§":§ gurment-ensembles were donned, In order to prevent heat accumulation .‘ g%
::'« within the garments prior to the start of the tests, the garments were ':e‘

% worn lcosely (e.g. zippers were left open, hoods were not deployed,

§ etc,). Temperature readings were then taken on each subject to ensure ( |
! t proper performance of the thermistors. At approximately t= =20 min, the :Ef
;? subjects were tranasported to the boat docks for transfer to the test ‘
'. site. At the boat docks, subjects wearing elther NI or NX were weighed, ;'
’ and all subjects configured their garment-ensembles for maximum e
:” protection (i.e. zippers were closed; hoocds and beaver taills were ::i
deployed; helmets, PFDs, gloves, etc. were donned). The subjects were t.':‘
:." then transported to the test site aboard a Coast Guard 44-foot MLB. "
, At the test site the subjects' monitering harnesses were attached )
:2 to the computer via their respective water-prcof sensor cables. Five E l.
| ! minutes of pre-test recordings were obtained to ensure proper function -.ﬁ
. ji" of the data-collection system. At t= -5 min, the subjects were ”;
;I': E§
M b
) "0‘
ACINAG WY Lals ol 4 Tt 2y =
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transported to the test platform akoard a Coast Guard 6 m, rigid-hull,
inflatable (RHI) rescue boat.

At t=0, all subjects entered the water and data collection was

5§ RPHOREE) | LRI

oh

started. At t=20 secords and again at t=40 seconds, the subjects im-

=

mersed their heads underwater for 10 seconds to ensure thorough wetting ‘z;
under theix helmets and/or hoods (simulating underwater egress from a ;:?'
capsized boat or helicopter). At t=! min, the subjects inflated their L
PFDs. At t=5 min, subjects scheduled for exposure to wind, spray and :'%
breaking waves climbed atop the capsized-boat test platform and seated ,':

s

themselvas near the bow, 1 m from the opening of the ventilation
ducting., 1he fans and sprinkler syshem were then activated, Also at

t=5 min, subjects scheduled for exposure to cold air and waves in the

3,
e

-

|

one-man liferafts boarded the inflated rafts. They then orally inflated

.
S

the auxiliary buoyancy tubes and bailed the water out of the rafts, .gﬁ‘
Finally, subjects scheduled for exposure to rough seas remained in the % :

water next to the teat platform. At t=6 min, wave-making procedures bf‘"

were started. .

Figures 15 and 16 show the effects of a breaking wave on subjects ,

in the water. Each breaking wave totally immersed the subjects, and the '_ .I

vertical motion induced by both the wave and its backwash from the test- E‘:

platform insured maximal flushing of water in the garment-ensembles. N

Figure 16 shows the relative size of a breaking wave with respect to the h\‘

. subjects in the water. Note that one subject is totally immersed (only
3 his hands are visible) while the other subject is about to be immersed.
!
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1 Figure 16. Wave breaking over two subjects immersed in rough
seas. Subject in the center of the photograph is totally sub-
merged (only his hands are visible); the other subject is aboul
to be submerged.
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Figures 17 and 18 show the effects of breaking waves on subjects

reatel on the test-platform. The waves were not large enough to totally

immerse these subjects; rather, they struck the subjects on the trunk

between the waist and the top of the shoulders. Figure 17 shows a wave

totally immersing the subjects in the water and about to strike the

subject on the boat at mid-chest. Figure 18 shows a wave just at the

point of impact on the subject seated on the test-plat‘form.

Figure 19 shows the effects of a breaking wave on subjects in the

one-man liferaft. Note the subject on the left iz able to ride atop the

wave, while the subject on the right is struck by the wave.

A subject's test was terminated for any of the following reasons:

1) voluntary request for cessation; 2) rectal temperature decline to

35°C; 3) two hours elapsed time; 4) medical officer order for cessation,

Following termination of a test, the sensor cable was detached from the

subject's monitering harness and he was transported to the boat docks

aboard the RHI. Weighing procedures were performed (for NI and NX

only), and the subject was then transported to the rewarming area.

Two methods of rewarming were used: 1) 5-10 minutes in a sauna at

65°C, followed by 2) 30-45 minutes in a circulating hot-water bath at

38°C, Throughout the entire recovery procedure, the subjects were

continuously monitored by medical personnel, and rectal temperatures

were continuously recorlded.

The following safety procedures were used during all cold-exposure

tests: 1) every subject was fitted with a rescue line attached to

TRIUMPH; 2) every yamment-ensemble had buoyancy ranging from 6.6 to 30

kg; 3) a 6 m RHI rescue boat, manned by an experienced coxswain and at
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least one rescue crewman, was stationed in the test area; 4) a medical
officer was stationed either in the water, atop the test platform or
aboard TRIUMPH; 5) advanced cardiac life-support equipment was available
aboard TRIUMPH and in the rewarming area.

H, Statistical Analysis

Randomization of the 8 subjects and the 15 combinations of garment-
ensemble and environment wis accomplished via a nested technique with
constraints, A regular "grid" of environments/day (e.g. water, boat or
raft) and number of tests/environment/day was established for the test-
ing period, First the environment "slots" were randomly seeded with
garment-ané;mléles; then the resulting garment-envircnment "slots" were
randomly seeded with subjects. Operational constraints on allocation of
subjects, garment-ensembles and environments were as follows: 1) sub-
jects could be tested only once pear day, in order to ersure reequili-
bration of physiologic haneostasis between tests; 2) subjects could be
tested only once per combination of garment-ensenble and environment; 3)
no more than two subjects/day could be tusted on the boat because of
space limitations; 4) no more than two subjects/day could be tested in
the rafts because of limitations in raft avallakility; and 5) no more
than two dry suits (NI and/or NX) per day could be tested because of
limitations in preparation time.

The units of variation for inter-environment and inter-garment
couparisong were as follows: 1) time-to-onset-of-cooling; 2) linear

cooling rate; 3) tinal cooling rate; 4) decline in mean-weighted skin
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temperature (MWST) curing the first five-minutes of cold-exposure; and
5) decline in MWST over the duration of cold-exposure. Duration of
exposure was calculated but was not used in statistical cemparisons
because termination of a subject's exposure was occasionally for reascns
of safety or for medical considerations rather than for garment-enserble
performance (e.g. rectal temperature = 35°C), Similarly, subjective
evaluations of garment-ensenble performance in each envirenment were
tabulated but were not used in statistical camparisons because of the
possibility of subject bias tor or against certain of the garment-
ensembles.

Time to onset of cooling was defined as the time at which ructal
temperature declined 0,25°C from the highest tamperature reached after
initial cold exposure. Linear cooling rate and final cooling rate were
calculated from a selected segment of the rectal temperature curve
beginning at the time-to-onset-of-cooling and ending 3 minutes prior to
the last reliable measurement. ‘the final 3 niinutes were deleted fram
the cooling curve to minimize the variation in temperature which occur-
red duriny preparations for termination of cold exposure.

Linear cooling rate was obtained from the slope of the selected
gegment of tlie rectal tenperature curve. A simple linear regression
model of time on rectal temperature was initially used to obtain the
glope. liowever, a significant degree of first-orier serial correlation
was observed in the residuals from this regression fit for all of the
rectal tenperature curve seyments (p < 0,05 for the Durbin-Watison
statiatic, which tests the null hypothesis that tirst-order serial

correlation of the residuals is absent (75)). 'Thig first-order serial
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correlation is typical of well-behaved temperature cooling curves (76).

Since slope estimates and thelr standard errors can be biased by the

;‘igz‘,‘ pregence of serial correlation in the residuals, the rectal temperature
,;:": curve segments were relitted with a first-order serial correlation error
b tens included in the !inear regression nodel (77)s All of the resulting
iE?;:;? augmented models showed a significant reduction in or absence of serial
%E:‘ corralation in the residuals. All estimated slopes were statistically
" significant (p < 0.015), with an average r of 0.9948. 1lhese slopes
Eﬁg were'ubrsequently used as astimates of rectal tamperature cooliny rates
‘tggg for individual subjects within combinations of garment-ensamble and
3:;" envirorment,
é Final cooling rate was calculated fram the slope of the final
EEE;{' minute of the nelected segment of the rectal temperature cooling curve.
0 Lecause slight curvature could be discerned graphically in many of the
‘ ractal temperature curve segrments used for analysis, a full quadratic
?;:é regression model of time and tine-squared on rectal temperature, in-
AN cludinyg a first-order serial correlation error term, was fitted for each
A E sagnent. Significant reduction in or absence of serial correlation in
: the residuals was again observed in all of the cuadratic mocdels. The
;._ guadratic term was statistically significant (p< 0.05) in 65% of the
‘“' ) rectal tewmperature curve seyments, with an average ré for all nodels of
X Y 0.9954. 1The instantaneous slope at the endpnint for each rectal temper-
. ature curve segnent was calculated using the first cerivative of the
‘.‘\: structural part of the quadratic model.
Declines in MW3T during the first 5 minutes of exposure and over

the duration of exposure were calculated as follows £rom the curves of
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MWST vs time. Two points and one segment from each individual MWST
curve were selected for analysis. The two points were located at 0
minutes (e.g. initial MWST) and 5 minutes, and the segment began at 5
minutes and ended 3 minutes prior to the last reliable temperature
measurement for that curve. Decline in MWST during the first 5 minutes
of cold exposure was simply calculated as the difference between the
cbserved MWST at 0 and 5 minutes, Decline in MWST over the duration of
exposure was calculated as the difference between the MWST at 0 minutes
and the mean of all MWSTs fram 5 minutes to the end of the selected MWST
curve segment.

Paired t-tests were used to evaluate inter-enviromment differences
(water vs boat, water ve raft, and boat vs raft) within each garment-
ensamble for time-to-onset-of-cooling, linear cooling rate, decline in
MWST during the first 5 minutes of exposure, and decline in MWST over
tha duration of exposure, Paired t-tests were also used to evaluate the
difference between linear cooling rate and final cooling rate. For all
paired t-tests, subjects were paired with themselves across environ-
ments. Boxplots and guantile plots (78) of the differences from each
canparison did not indlcate the presence of significant ocutliers or
serious non-normality.

A randomized, complete block desien (79) was used to assess inter-
garment differences within each environment. Subjects were aligned with
themselves as blocks across garments, Multiple linear regression was
used to obtain all pairwise contrasts, their standard errore, estimated
missing values, and adjusted covariance matrices (79). Tukey's test for

multiple comparisons (79) was used to evaluate pairwise contrasts for
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time~to-onset-of-cooling, linear cooling rate, decline in MWST during
the first 5 minutes of exposure, and decline in MWST over the duration
of exposure. Diagnostic plots indicated both an adequate fit and well-
behaved residuals for all these variables except linear cooling rate.
For linear cooling rate, boxplots, residual-vs-predicted plots, and
residual-quantile plota (80) all indicated the presence of outliers and
heteroacadasticity in each environment tested. Since garment variances
tended to be proportional to the magnitude of garment means, linear
cooling rate was re-apalyzed with a lcgarithmic transformation (75).
This produced a more reasonable fit with well-behaved residuals.
Survival tixﬁes in water for each subject in each gamant-ensemhle
were calculated using both the estimated linear rectal temperature
cooling rate and the decrease in rectal temperature associated with the
time-to-onset-of-cooling., The time-to-onset-of-cooling was added to a
linear extrapolation of time to points representing overall hypothetical
decreases in rectal temperature (37.5°C decrearing to 34, 30 and 25°C),

Simul tancous confidence intervals for each garment-ensemble were con-

.

structed using the error estimate from a rarviomized, complete block

ANOVA of survival times and from Tukey's multiple comparison adjustmerit.

Heteroscedasticity again justified the use of tiv log-tranasformatiun of

Gl

survival times ir order to cbtain accurate confiderce intervals.
The distributici and magnitude of several potential covariates were

examined both grarhically and analyticelly., The covariates included

p s

diily minute-by-minute air and water temperatures averaged over the

g . N

courre of each test, absolute day number of each test, tiine of day of

---------- . . = %
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each test, and baseline rectal and MWSTs for each test. For each co-
variate, inter-environment comparisons within garment-ensembles and
inter-garment-ensemble comparisons within environments were made with
the use of previously described t-tests and ANOVAS.

The results of covariate analysis indicated that randomization had
generally achieved a relatively adequate balance in the location and
scale of uncontrolled variability. Partial loss of randomization, from
scheduling changes necessitated by weather, occurred for test day number
during the last 20% of the testing period. Overall, the few statisti-
cally significant, inter-environment, covariate t-tests which were found
ocould all be dismissed on the basis of clinically insignificant magni-
tudes of difference. Significant differences among garments were ob-
served only for the baseline MWST covariate, reflecting the differences
in actual protection provided by each garment-ensemble within a parti-
cular environment. No attempt was made to adjust for these differences
as they were considered part of the basis for establishing the relative

protection ptovided by the garments in each enviromment.

. RESULTS

A. Rectal Temperature Changes

Figures 20-22 show the composite rectal temperature cooling curves
for selected subjects for the various garment-ensembles in the watar,
boat and raft enviromments, respectively. 'These subjects' responses
were representative for the particular enviromment depicted. The
fiqures demonstrate the shapes of the various cooling curves and permit

a visual comparison of typical rectal teinperature responses both among
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garment-ensembles and between enviroments. Figures 23-25 show the com-
plete set of rectal temperature cooling curves for all subjects in the
. three survival environments. These figures demonstrate the variation
§. among subjects for each garment-ensemble in each environment (reading

o horizontally across rows) and the variation among gurment-ensenblos for

‘6

)

;:‘ each subject in each envirorment (reading vertically down columns).

B R

_;i The cooling curves have the fol lcming general characteristics: 1) a

variable amount of *emperature rise after t=0, followed by a decline

over the remaining duration of exposure, 2) a linear rate of decline

,‘.‘;_:{,: after the onset of cooling (with onset of coc\ling dafiued as a drop of
P 0.25°C fmm the maxdmum temperature reached after t-0), and 3) a vari-
\ able change in cooling rate during the latter minutes of exponure (with S
_f' | a final cooling rate calculated during the final minute of exposure), ‘. |
o Figure 26 illustrates these paramete:.?s of the cooling curves. |
EE Table 3 shows the mean fime-to—onset-of-cooling for the various
%ﬂ garment-ensembles and survival environments. A wide variation occurred
e in this parameter among garments-ensembles within each environment. FS
allowed the fastest onset of cooling and NI permitted the slowest onset
Ay of cooling in all environments. AC and BC showed similar times to onset
'. of cooling ‘n both the water and boat environments, but each allowed a
5 faster onset of cooling than WS in all environments. NX allowed the
5

slowest onset of cooling for all garment-ensambles except NI. Batween

enviroments, times to onset of cooling were generally greatest for
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Table 3.

Garment-Ensemble

Water

Flight suit (FS)

Alrcrew Coverall (AC)
Boatcrew Covarall (BC)

Wet Suit (WS)

Navy Dry Suit (torn) (NX)
Navy Dry Suit (intact) (NI)

Boat

Flight Suit
Alrcrew Coverall
Boatcrew Covarall

Wet Sult
Raft

Flight Suit
Alrcrew Covarall

Wet Suit

Navy Dry Suit (torn)
Navy Dry Suit (intact)

Mean Time-to-Onset-of-Onoling*

Time (min)
(mean * SEM)
11.0 & 3,9
19,3 # 4.5}
195 ¢ 1.7
23,9 & 2,8
253 & 2.7
42,5 & 3.6 " ]
13.1 & 2.2]
28,1 & 2.3 ]
29,1 & 5.0
315 & 2.5
9,6 % 1.2]
17.9 & 3.3 ]
25,0 & 3.5 }
293 & 3.6
43.9 & 4.1 1

*(nset of cooling is defined as a decline of 0.25°C
frem the maximum temperature reached after tm=0.

Vertical bars indicate groups of garment-enusembles
with statistically similar results (per Tukey's

multiple comparison test (alpha = 0.01).
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water immersion and slowest for exposure to wind and spray atop the

'5 overturned boat. Exceptions to this were the slightly faster times to E
:eg; onset of cooling of subjects wearing FS and AC in the raft than in the E
;‘; , water environment. A statistically significant difference in time to W
‘.‘? onset of cooling was only found for the wet suit between the water and .5.
4%% boat environment (p = 0.012). . ‘:‘%
R . Table 4 shows the mean duration of cooling for the subjects wearing g
AVé each of the garment-ensembles in sach of the survival environments. Of §
5;%': the total number of cold-exposures in this study, 10 (9%) were ter- ;':i
. '.:';E‘, minated prematurely for medical reasons (muscle cramps, etc.) or at the 5_
E\:g direction of the attending medical officer. The remainder lasted the %5
{2: full exposure period or were terminated for low core tenperature, f;
;5;'\4: In the water-immersion environment, FS al J.pwed the shortest and NI RE
;:Si allowed the longest duration of cooling. AC, BC and NX eacl permitted : 2:,
“;:: approximately an hour of cold exposure, and WS allowed approximately E%
ﬁ‘?’. ninaty minutes of cooling, For subjects exposed to wind and spray on :3
o tha overturned boat, F$ again allowed the shortest duration of cgoling, $

but this was nearly two and one half times its value for water im-

RN A

mersion. The other garment-ensembles each allowed over 100 nmin of :f

1
{

! cold exposure. For the raft environnent, FS allowed slightly less than ;
»S
"\: a one hour duration of cooling. This was about twice the value for I's e
' "- in the water, but it was only about half the duration of exposure of any ?
;f" of the other garment-ensembles in the raft. .
. , I"lgure 27 and Tables 5-7 show the mean rectal temperature cooling ?:
- rates of the subjects for each of the garment-ensembles in the three _o,
. . survival environments. The tables show not only the mean linear cooling :\-
b %
i ’e
{. A
Nt R s s
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Table 4. Mean Duration of Cooling* o
D
)
Garment-Ensemble Time (min) ‘Z; .
(mean = SHM) ‘
Water : v
Flight Suit (FS) 31,6 + 4.5 Y
Aircrew Coverall (AC) 67.9 £ 11.5 o
Boatcrew Coverall (BC) 60,8 x 6.9 bt
Wet Suit (WS) 90.3 ¢ 10.0 &
Navy Dry Suit (torn) (NX) 63.9 + 8.8 _
Navy Dry Suit (intact) (NI) M2,9 + 5.2 l:%
Boat -
Flight Suit 73.4 & 1.7 o
Aircraw Coverall 120.0 2 0.0 bt
Boatcrew Coverall 106.4 £ 9.6 \
Wet Suit 103.9 + 10.4 ¥
Raft | ?»g
Flight Suit 57.9 & 10.3 %
Aircrew Coverall 14,6 & 3.5 o
Wet Sult 120.0 = 0.4 )
Navy Dry suit (torn) 1068.4 £ 6.0 vy
Navy Dry Suit (intaoct) 115.4 = 4.6 ¥

*Cooling was terminated for any of the following
reasons: 1) rectal temperature w 35°C
2) 120 min oxposure

REFS,

7 o
it
s

3) at the request of the subject o
4) at the direction of the physician NG
%
ly
[P
rate over the duration of cold exposure but also the final cooling rate ;:
&
during the last minuta of exposure and the p-values for the differances
QN
batween thesn two cooling rates. Finally, Table 8 shows the p-values ’
M for conmparison of mean linear cocling rates between enviroiments for ™
0.. g
:.E cach of the garment-ensembles, H'.
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Blank squares indicate combinations of garment—

ensemble and environment which were not tested.
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Table 5. Cooling Rates for Garment-Ensembles in Rough Water

Mean Linear Final
Garment Tcg‘%%%'xg'g:%tﬁ% ("C%?)%ﬂ% %%%?** R
3] 5.63 & 0.52 9.77 = 1.15 007
NX 13,28 % 0.45 4.69 + 0,95 . 061
s 2,87 & 0.39 3.18 & 0,64 .446
5 AC 2.81 & 0.62 2,82 ¢ 1.1 .987
% Ws 1.71 & 0.37 1.16  0.62 A7
i NI 0.86 % 0.15 -0.07 £ 0.35 .021

P EE

P EP 3RS WA N B

*Calculated from time of initial 0.25°C decline in rectal temp, to
end of exposure.

**Cooling rate during last minute of exposure.

p-values are from paired t-tests of the difference between mean
linear and final cooling rates.

Vertical bars indicate groups of garment-ensenbles with
statistically similar mean linear cooling rates (per Tukey's
nultiple conparigon test, alpha = .01),
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Table 6. Cooling Rates for Garment-Ensembles
In Wind, Spray and Waves Atop The Overturned Boat

Mean Linear Final
Garment %ﬁ?ﬁ%ﬁ‘; (%%%ﬂg ER%%** B
¥S 2.52 & 0.52 2.76 £ 1.02 .656
WS 1.10 & 0.15 C.20 + 0.64 .609
BC 0.95 = 0.16 0.04  0.47 .050
AC 0.70 £ 0.05 0,26 & 0.14 002

*Calculated from time of initial 0.25°C decline in rectal temp. to
end of exposure

**Cooling rate during last minute of exposure.

p-values are from paired t-tests of the difference Letween nean
linear and final cooling rates,

Vertical bars indicate groups of garment-ensanbles with
statistically similar mean linear cooling rates (per Tukey's
mualtiple conparison test, alpha = .01).
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Table 7. Cooling Rates for Garment-lnscmbles
In The One-Man Liferaft
Cooling Hater Cooling Raten
Gaxwent (°C/hr & sIM) <Wﬁ?§m 2
¥S 3.42 z 0,72 | 2.96 £ 1.36 571
NX 1.14 £ 0,13 ] 0.71 £ 0.19 029
AC 0.82 # 0.09 ~0.15 & 0,23 .004
g 0.64 & 0,07 0.31 % 0.12 031
NI 0.62 £ 0.07 | 0.14 & 0.23 .057

*Calculated from time of initial 0.25°C decline in rectal temp., to
end of exposure.

**Cooling rate during last minute of exposure.

p-values are from paired t-tests of the difference between mean
linear and final cooling rates.

Vertical bars indicate groups of garment-ensenbles with
statistically similar mean linear cooling rates (per Tukey's
multiole conparison test, alpha = .01).
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‘fable 8. Comparison by Paired t-Test of iean Linear Cooling Rates
for Garment-Ensembles in Different Survival Envirorments

Garment Ensatle p-value
Water vs Boat

Flight Suit (FS) .003
Alrcrew Coveralls (&C) .024
Boatcrew Coveralls (BC) .004
wet Suit (wS) 176
Water vs Raft

Flight Suit 012
Aircrew Coveralls .013
Wet Suit 037
Navy Dry Suit (intact) (NI) .159
Navy Dry Suit (torn) (NX) .005
Boat vs Raft

Flight Suit .37
Aircrew Coveralls ~ 283
Wet Suit .048

For subjects wearing FS in cold, rough seas, the mean linear
cooling rate was 5.83°C/hr, which increased to 9.77°C/hr by the end of
the exposure period. This difrerence was statistically significant
(p=.007). In contrast, for subjecfs wearing FS on the boat or in the
raft, mean linear cooling rates were considerably slower (2.52°C and
3.42°C, respectively), and final cooling rates during the last minute of
exposure were not significantly different from mean linear cooling
rates. liean linear cooling rates for FS were significantly faster in

the water than on the boat or in the raft (p=0.003 and p=0.012, respec-
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tively); nean linear cooling rate was not sic ificantly different bLet-
ween the boat and raft envircnments.

For subjects wearing either the AC or BC .asemble in cold rough
seas, ean linear cooling rates were about 2.8°C/hr, or slightly less

than half that of FS in the water. The final cooling rates for these

.
,
’
E
¢
‘
(4
v
1]
|
A
14
}
)

\

:

|

L]

coveralls were not significantly different frona their mean linear
cooling rates. For subjects wearing AC or BC in the wind, spray and
wave environment of the overturned boat, mean linear cooling rates were
considerably smaller than they were in the water (0.70°C/hr and

0.55°C/hr, respectively). These aiiferences were both statistically

——_ w4 W S ve——w = .

significant (p=0.024 and p=0.C04, respectively). Furthermore, the final
cooling rates for these coveralls were much staller on the boat thon
were the mean linear cooling rates. For AC, in fact, the subjects were

actually rewanridng (aean iinal cocoling rate = -0.26°C/hr) during the

4 e e cwmmmes v W o -

last minute of exposure. For subjects wearing AC in the raft, similar
results were fowd. liean linear cooling rate was ruch slower than rfor
AC in the water (0.62°C/hr versus 2.81°C/hr), and the final cooling rate

again st % a rise in temperature (-0.15°C/lir). Dirferences in fean

linea}: cooling rates between the water and boat environments were signi-
ficant for both AC ana 2C (p=0.0z4 and p=0.004, respectively). For AC,
mean linear cooling rates were significantly faster in the water: than in
the raft {p=0.014), but not in the rait versus on the boat (p=0.252).
tor subjects wearing VS in the water, mean linear cool'ing/ rate vas
1.71°C/tir, wnich slowed to 1.10°C/hr during thie last minute of ex;Losure.

This difference was not significant, however (p=0.171}). For subjects

wearing WS on the coat or in tne rart, nean linear cooliny rates




€3
(1.10°C/hr and 0.64°C/hr, respectively) were slower chan in the water,
but again the differences were not statistically siqnificant (pe0.176
and p¥0,048, regpectively). Final cooling rates for subjects wearing WS

on the boat or in the raft were considerably slower than were mean

linear codling rates. Thie was $ignificant for the boat (p=.009) but
q not for the raft (p=.081).
Subjects wearing NI in the water had the slowest mean 1inear

cooling rate amony all gament-ensembles in this environment

(0.86°c/hr~). B Sﬂbjecta_ wearing NX in the water, hcmever', had a mean )
linear couling rate nearly four times faster (3.28°C/hr). Final cooling
rote for subjects in the water in NJ was“s:l'.gnificantly slower | |
(-0‘07.°c/ﬁr, pk.021) ti)an was .mean linear cool!ng sate. In. cqntrast, -
final cooling rate for subjects in the water in NX was fastor o

(4.69°C/hr, p=.061) than was mesn linear cooling rate. Subjects

weoring NI in the raft again had the slowest mean linear cooling rate
among all garmment-ensembles in this environment. (0.62°C/hr). Final

cooiing rate was even slower (0.14°C/hr), but the difference was not

significant (p=.057). Subjects wearing NX in the raft had a mean linear

R X

P

conling rate of 1.14°C/hr. 'This was approximately one third the value

of FS in the raft but ebout twice tha! of NI in the raft. Final cooling

e

rate for NX in the raft was 0.71°C/hr (p=0.29). Mean linear cooling
rate for NI was nol significantly different between water and raft
environments (p=0,20), but for NX, the difference was highly significant
(p=0.005).

o A e T e P A TR AT N A - e W N L

-

BT
: SR

BT IEEET . Cu"eTa's 4 RIS L S SN R W TN,

3000 L AN A S et L N 0 GO, 2 i 0,00

n L, T
‘_ [ et




64

B. Skin Temperature Changes
Figures 28-30 demonstrate the types of change in mean weighted skin

tamperature which occurred for selacted subjects in various garment-

énsembles and survival environments, These curves illustrate the typi-

cal response of the subjects' skin temperatures to sudden immersion in

Poh 7

cold water and subsequent prolonged exposure to rough seas or to sudden

-

immersion in cold water and subseguent exposure to cold wind, spray,

etc. on the boat or in the liferaft.
Figure 28 illuetrates the pattern of response for subjects wearing

i AN i

F8, BEC, AC, WS or NX in the water. Mean weighted skin temperature

declined precipitously durihq the first few minutes of immersion and

g W

remained »t low levels throughout the duration of thé pubjects’ oX- |
posure. |

Figure 29 illustrates the pattern of response for subjects wearing
WI in the water. Mean weighted skin temperature declined only a few

degrees during the first few minutes of immersion, and then gradually

-
-

fell throughout the remaining cluration of the subjects' exposure.
Figure 30 illustrates the pattern of response for subjects wearing

Fg, 1C, AC, W5 and NX on the boat or in the liferaft. During the firot

A ARLT LS

five minutes of cold exposure, when the subjects were in the water, skin

=

B tamperatures declined precipitously as before. But vhen the subjects
Ly
1 climbed out of the water onto the boat or into the raft, mean welghted ]
K| °S
E: skin temperatures increased to a level interviediate hetween preimmersion .'.‘
f
h. | I,‘l
:; and immersion values. 1his was true even for FS, despite the continuous A
W o
! wetting produced by the spray and waves. For NI in the rafrt, ‘
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Figure 28. Mean weighted skin temperature change for
subject 4 wearing BC in rough seas.
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Figure 29. Mean weighted skin temperature change for
subject 7 wearing NI in rough sceas.
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n Figure 30, Change in mean weighted skin temperature for
‘ subject B8 wearing FS on the overturned boat.
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:b_,_‘, the small initilal decline in mean wadghted skin temperature was £o1lowed
‘13;;&: by a very gradual increase over the duration of exposure.
;E‘Z:‘: : Figures 31-33 shiow the canplete set of curves of mean welghted skin
Tfﬁ temperature over time for all subjects in the three survival environ-
:e?{ ments, (he variation among subjects for each garment-enmemble in each
ﬁe“: environment (reading horizontally across rows) was far leas for this
;*g variable than it was for rectal temperature cooling rates, The vari-
}”v{: ation among gament-énsembles for each subject in each environment !
‘E: | (rending vertically down ¢olumns) illustrates the relative degree of E
;}?::f protection from the cold provided to the skin by each garment-ensemble, \
g;:ﬁ Iigure 34 and Table % show the mean decline in mean waighted skin ;'.
‘; é tamperature for the subjects during their exposure in each of the t
:. : garnent-ensanbles in each of the survival enviromments. In addition, E‘
y Table 9 shows the mean decline in mean weighted skin temperature during N
. the first rive minutes of cold exposure. %
-;?i During immersion in rough seas, FS, BC and NX allowed gimilar ;
-; ; declines in skin tamperature (21.0, 18.8 and 17.4°C, respectively), :
v liowever, during the first five minutes of immersion, NX allowed a mean .
&. decline in gkin tamperature of only 7.7°C, compared to 19.0 and 15.8°C '
" respectively for FS and BC. AC and WS allowed mean declines in skin
h tamperature of 15,0 and 12.7°C, respectively, iollowing initial declines 'r
""ﬁ during the first five minutes of inmersion of 13.8 and 10.8°C, respect- ¢
'rr;; ively. Finally, NI permitted a mean decline of only 7.7°C over tle
' "E duration of cold-water imnersion, following an initial mean decline of '
R -r only 3.5°C.
. i ;
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Table 9. Mean Decline in Mean Weighted Skin Temperature*

Carment Entire Duration of Initiyl 5-min of
Ensemble Oold Exposure Cold Exposure
DI “(°C & SEM) (°C & SEM)
Water
¥S 20.99 £ 0.53 19.01 £ 0.73
BC 18,75 & 0.43] 15.77 £ 0.89
NX 17.35 + 0.73 ] 7.67 £ 0.9
AC 14.96 £ 1.09 ] 13.84 £ 0.93
WS 12.66 £ 0.65 10.80 & 0.63
: NI 7.70 £ 0,77 ] 3.49 £ 0.47
Boat .
FS 12.79 % 0.53 ] 19.76 &+ 0,78
BC 7.51 ¢+ 0,39 15.04 + 1.04
an 5.59 & 0,35 12.43 £ 1.17
WS 7.78 & 0.58 9,60 £ 0.70
Raft
FS 15,48 2 1.34 ] 20.31 + 0.54
AQ 8.43 £ 0,97 } 14.40 + 0,66
W8 6.61 & 0.34 9.59 & 0.46
NX 6.96 + 1,63 } 7.39 & 1.63
NI 3.60 % 0,44 3.04 + 0.48

*Mean weighted skin temperature =

(0.2) x Chest +
(0.3) x Arm + (0.2) x Thigh + (0.2

0.3

) x Calf. (ref 53)
Vertical bars indicate groups of garment-ensenbles with
statistically similar mean declines in skin temperature
(per Tukey's multiple comparison test, alpha = .01).
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During exposure to cold wind, spray and waves atop the overturned
boat, FS allowed a mean decline in mean weighted skin temperature of
12.8°C, which was significantly less than the mean decline of 19.8°C
which occurred during the five minutes of cold-water immersion. In
contrast, BC, AC and WS allowed mean declines of 7.5, 5.6 and 7.8°C,
respectively, over the course of the subjects' cold exposure. For BC
and AC, this was about half of the initial mean decline in skin temper-
ature occurring during the first five minutes in the water; for WS,
however, the mean decline of 9.6°C during the first five minutes was
onlv slightly more than the mean decline over the whole test.

Similar results occurred for subjects in the liferaft. FS allowed
a mean decline in skin temperature of 15.5°C following an initial de-
cline of 20.3°C during the first five minutes. AC, WS and NX allowed
mean declines of 8.4, 6.6 and 7.0°C, respectively, over the duration of
cold exposure, following initial declines of 14.4, 9.6 and 7.4°C, re-
spectively. Finally, NI allowed only a 3.6°C decline in mean weighted
skin temperature over the entire cold exposure, which was slightly (but
not significantly) larger than the 3.0°C decline occurring during the
first five ninutes of inmersion.

ligure 35 shows the correspondence between mean rectal temperature
cooling ratec and mean decline in mean weightec skin temperatures.
Garment-ensembles associated with the fastest cooling rater also allowed

the largest declines in skin temperatures, The correlation coctficiunt

for the two variables was (r=0.86, p<.001).
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C. Ury Suit Leakage

-

Table 10 shows the results of leakage measurements in NI and NX

after cold-water immersion or ewposure to cold air in the one-man life-
raft. The intact dry suit (NI) allowed almost no leakage in either

survival environment. The torn dry suit (NX), on the other hand, al-

é’
R

lowed over 7 kg of cold water to leak into the garment during water
immersion, and nearly 3 kg during cold-mxposure in the raft. Same of
the latter leakage, however, occurred during the initial S-minutes of

inmersion prior to raft boarding.

Table 10. Dry Suit Leakage

b

i Garment Leakage

) (mean kg water i SEM)
E NI (water) 0.04 £ 0.06

3 NX (water) 7.19 £ 3.15

i NI (raft) 0.03 & 0.05

" WX (raft) 2,78 & 1.86

| LR

::: D, Subjective Ivaluations
‘-I
'Q-‘f Tables 11 and 12 show the subjective evaluations of garment-
!
n' ensenble performance in each of the three survival enviromments., In
w 0
i:' Table 11, flushing of cold water in FS was defined as 10, and all other EE:
.: PN
E;‘ garment -chsenbles were rated relative to this standard, Siwilarly, in ;:3
' .
! Table 12, the degree of comfort for FS in the water was defined as 1.0,
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Protection Against
{mean score* i SEM)

of Cold water
(mean score* : SEM)
wWater

Subjective Evaluations of Cold-Water Flushing/Leakage
ana Protection Against Wind and Spray
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buring iimersion in cold, rough seas, the intact Navy dry suit (NI)
subjectively allowed the least amount of flushing or leakage of water
{mean score 1.63 t 0.3€), which was consistent( with the abjective meas-
urements of leakage shown in Table 9. The torn dry suit mx), on the
other handl, sukjectively allowed a substantial anount of cold-water
leakage (mean score 7.00 ¢ 1.00), again consistent with objective
rinciings. f1he looue-fitting "wet" garment-enserbles (AC and oC) alloued
significant flushing of cold water during immersion in rough-seas (mean
soorus 5.75 2 0.64 and 7.13 & 0.07, recspectivelyl and suprisirgly,
even the tight-fitting wet suit (WS) subjectively allowed considerable
cold-water flushing (ncan score 6.00 = 0.58).

ror protection against cold wind and spray, NI in the liferaft lLad
the highest :can score (.00 : 0.44) while ¥5 on the boat had the lowe:t
mean score (1.25 + 0.16).  ‘The other garment-ensembles all subjectively
provided good protection coth on the boat and in the raft, with nean
scores ranging from 5.75 ¢t 0.96 for FS in the raft to 8.00 + 0.53 for IS
in the rait. For all gament-encunbles tested in both tie boat and rart
enviroments (FS, AC and WS), subjective scores were higher in the raft
thankon the boat.

Subjective ratings of canfort for the garment-ensembles during
colu-water imuersion were nighest for WI and C (6.85 + C.76 =ad 6.33 +
U.71, respectively), and lowest for NX (2.75 + 0.73). uS and sC haa
intenuesiate mean candurt scores of 5.71 = (.66 arG 5.36 = 0.08,

respectively.' The rating score for rS was defined as 1.00.

For tie gautent-cnsables exposad to wind, spray ana vaves on tie



Con B3 e T

. ‘ o
g 0 NP

79
boat, mean comfort scores were highest for AC and BC (8.29 x 0.42 and
8.14 * 0,34, respectively), and lowest for FS (1.13 £ 0,.13). WS was
rated slightly less comfortable (7.25 : 0.65) than were the insulated
coveralls.

For the garment-ensembles exposed to cold air and waves in the
liferaft, NI had the highest (6.14 £ 0.55) and FS had the lowest (1.75 ¢
0.53) mean comfort score. AC and WS had similar high levels of canfort
in this environment (7.75 ¢ 0.73 and 7.57 &+ 0.37, respectively), while
NX had a slightly lower mean comfort score (5.75 : 0.94) than did the

wet suit or coveralls.

DISCUSSION

A. Camparison of Garment-Ensembles between Survival Environments

The results of this study confirm the hypothesis that survivors of
maritime mishaps in rough seas have faster cooling rates and lower skin
temperatures if they remain in the water than if they egress fraom the
sea onto an overturred boat or aircraft or into a one-man liferaft.
These findings derive from the more than twenty-fold greater thermal
conductivity of water than of air at the same Leamperature (21,33),

This difference in rate of heat flow is highly significant for
survivors of maritime mishaps. Unfortunately, however, a widespread
misunderstanding of the concept of "wind-chill" often causes the public
{and even many medical and rescue professionals) to conclude that
survivors have higher heat lusses if they are exposed to wind,

especially if they are wet, than if they are immersed in water. For
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example, informal polls at a recent search and rescue conference and at
a recent emergency medical services conference revealed that about half
the audience considered exposure to wind in 6°C air to be a greater
hazard than immersion in 6°C rough seas.

Wind-chill was the term originally used by Siple and Passel (35) to
describe the increase in heat loss from unprotected skin axposed to
wind, The temn iz frequently used in the communication media (e.g. by
radioc and television weathermen) without regard :o exposed versus unex-
posed skin, This misleads many to believe that the wind-chill tempera-
ture applies to both clothed and unclothed arean of the body. Further-
more, common experience durirg recreaticnal activities at the bsach or
at swimming pools,A where pecople subjectively fezl colder after leaving
the water (due to evaporative heat loss from the skin) than they do
while swimming, reinforces the misunderstanding. This has occasionally
led survivers to abandon a position of relative safety atop a capsized
vessel and to re-enter the water, usually with tragic results (1).

Kaufiman and Bothe (36), in a recent pajyer on the effects of wind-
chill, confirmed that the higher heat loss associated with increased
wind velocity applied only to bare skin. Using wind speeds up to 1.4
m/sec (2.5 knots) and using cooper cylinders filled with water and
covared by various types of naterial from conmon protective garments,
these authors showed that clothing, even wet clothing, prevents the
effects of wind-chill.,

Analegous results were found in the present study with considerably

higher wind velocities (7.5~10.0 m/sec). Similar declines in mean

weighted skin temperatures occurred for subjects wearing insulated, but
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wet, protective clothing (i.e. WS, BC, AC and NX) whether they were
expogsed to wind atop the overturned boat or protected from the wind
withip the one-man liferaft.

When the skin remained dry beneath adequate insulation (i.e. NI),
the decline in mean weighted skin temperature in the raft was 6n1y half
that seen for the other garment~-ensembles. Again this was similar to
the results of Kaufman and Bothe, who found that wet clotlilng on their
test cylinder cdoubled the rate of heat loss over that of dry clothing,
but that increasing wind velocity did not significantly increase the
rate of heat loss from either wet or dry clothing.

Wind increases the rate of evaporation from the surface of wet
clothing (33), but when vapor-impermeable insulation is worn between the
skin and the surface of the clothing (e.g. closei-cell foam within WS,
AC and BC), evaporative cooling does not significantly increase heat
loss from the wearer (36). If, however, the wind penetrates the
clothing, evaporative cooling from the wearer's body does increase the
rate of heat loss. In the present study, subjects wearing FS, a thin
garment-ensemble easily penetrated by wind, had approximately twice the
decline in mean welghted sitin temperature and had two to three times the
cooling rate as did subjects wearing AC, BC or WS on the boat or in the
liferaft. Campared to WI, which allowed penetration of neither wind nor
water, subjecte wearing FS had over four times the decline in mean
welghted skin temperature and over five times the cooling rate.

Among the three garment-ensembles tested in both the boat and raft

environments (FS, AC and WS), cocling rates were faster and skin

temperatures were lower for FS and AC in the raft than on the boat.
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These differences, liovever, were not statistically significant. For
subjects wearing WS, cooling rates on the boat were significantly faster
than in the raft (p = .048), but mean declines in mean weighted skin
temperatures were similar in the two environments. The results for WS
were likely due to a combination of wind penetration through the neck
region of the garment (the same area where f£lushing of cold water occur-
red during immersion in rough seas) and periodic immersion of the sub-
jects' legs from waves breaking over the capsized boat, Mean skin
tamperatures from both the thigh and calf were lower for subjects wear-
ing WS on the boat than they were in the raft.

Although not statistically significant, the faster cooling rate of
subjects wearing FS in the raft (3.42 + 0.72 °C/hr) over that on the
boat (2,52 % 0,52 °C/hr) was somewhat surprising, The continuous ei-
fects of wind, spray and waves on the overturned boat would be expected
to potentiate lower skin temperatures and faster cooling rates than
would be seen in the relatively protected environment of the one-man
liferatt. The subjective evaluations of protection and comfort for I'S,
in fact, were higher in the raft than cn the boat.

These unexpected findings for FS cooling rates were most likely an
anomalous result of experimental design rather than an indication of the |
relative protection provided by the boat or raft environment for this ;' .
garment--ensaemble, The subjects in this study had extremely fast cooling '
rates, canparable to tliose of anthropanetrically similar subjects iw-
mersed in ice-water in a laboratory tank (54). Consequently, during

their first five minutes of imnmersion, the subjects developed a high

initial rate of heat loss. When they egressed from the water onto the
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p overturned boat, they were no longer exposed to an environment of high ::f{ '
heat~conductivity. Wwhen they entered the raft, however, they wers still ﬁ.;.’

5

partially immersed in cold water and needed about five minutes to bail

_--,

2%
>

water out of the raft with their flight helmets. As a result they

3 maintained a high cooling rate for several minutes longer in the rait k
o environment than in the boat environment. The combination of a o8
.5; slightly longer effective periocd of cold-water immersion with the sub- :2:
;; jects' fast immersion cooling rate resulted in the end-point of 35°C ’:';0;
' rectal temperature occurring sconer in the raft than on the boat. Had & S{ f
@ lower end-point for termination of cooling been selected or had subjects Egizf
:g with slower immersion cocoling rates been used, the mean linear cooling 23
rate for FS in the raft would likely have been slower than on the boat. u‘n".
ko Evidence for this supposition is seen in Tables 6 and 7, where @

final ccoling rates for FS are slowing in the raft but are increasing on

the boat, Although the differences between mean linear and final cool-

-
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ing rates were not statistically significant in either environment,

clinical observation of the subjects in each environment correlated well

'~
with the measured differences. On the boat the subjects were nearly as t;“
uncanfortable ag they were in the water. In the raft their disposition
was far happier and their level of discomfort was less than in the .
water, and they actually engaged in play, dospite a contiming rapid 'LE
decline in rectal temperature. ::
Finally, subjective evaluations of camfort for each of the garment-
ensanbles in the varicus survival enviroments confimed the objective ":
temperature results showing a greater degree of protection afforded by \‘
the boat or raft enviromment than by weter immersion. For all gaments, .__
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higher caifort scores were recorded in both the boat and raft than in

e the water. Confort scores were highly negatively correlated with both ::
Qn 3,
I decline in mean weighted skin temperature (r = -0.79, 5:
by p ¢ .001) and with mean linear cooling rate (r = -0.82, p < .001). )
S !
% :
i% B. Comparison of Garment-Ensembles within Survival Environments )
8, v
o The results of this study confirm the hypothesis that 'dry" insul- :;n
¥

/]
'a?,_‘: ative garments provide better protection in rough seas than do '"wet" g{l
& e
5,';: insulative garments, and tight-fitting "wet" garments provide better (4

protection in rough seas than do loose-fitting 'wet" gamments.

.

"Dry" insulated garments are designed to exclude water fram skin

.
o e
>

g

contact. These garments derive their insulation from either the
inherent properties of the garment itself (e.g. closed-cell foam used in

the construction of inmersion suits or other types of dry suits) or fram

ey

various luyers of insulated undergarments worn beneath an outer, water-

proof stiell of relatively low insulation (e.g, NI in this study).

3 :
o
¢
X

vuring previous tests in calm seas, these different types of dry

AR B IR S

RS

sults dencnstrated equivalent protection (11,16). In previous tests in

12 ¢

rough seas, a dry suit which maintained its barrier against water in-

2ot

yress provicded better protection than did "wet” ant i-exposure clothing

3

(30). In the present study, subjects wearing the intact Navy dry suit

f

(WI) during inmersion in rough seas had significantly higher skin tem-

o

)
J
-

peratures and slower cooling rates than when wearing any of f.ne other

garment-ensembles, Subjects also had the greatest canfort i the water

in NI than in any of the other types of clothing tested.

. - - T O S U S WY . s A A Cay e Vel FENEI
e N N LT T T T N LT e TR e T N e N e e N N M N S T NG L s L



3

85 ™

Ry

"Wet" anti-exposure clothing, by contrast, allows water contact !Ef

with the wearer's skin., When this water is warmed by the wearer, it is z
o

no longer a major contributor to heat loss. However, when cold water :::
Ql

£lushes into a "wet" protective garment, either through the wearer's »

voluntary movenents to maintain airway freeboard or through involuntary

rovements secondary to wave-action, it displaces the warm water next to S

ATy | R

-
b

the wearer's skin and increases heat loss (28,30,31).

In an earlier study comparing the performance of protective cloth-
ing in calm versus rough seas (30), subjects wearing loose-fitting "wet"
garment-ensembles (e.y. garments identical to AC and BC) had signifi-

cantly lower skin temperatures and twice the cooling rates in rough seas

- -, -,;f:,i

o

as they did in calm water, Furthermore, even subjects who wore a

custam-fitted wet-suit (i.e. a tight-fitting "wet" garment, identical to

Sy

1

WS used in the present study), had 30% faster cooling rates in rough

o

seas as in calm seas. For both the loose-fitting and tight-fitting

WY W W W
~lem

garments, flushing of cold water in the rough seas accounted for the

differences.

. Ny -

In the present study, subjscts wearing the loose-fitting AC and BC

-
6" a

= .
S

garment-ensembles had cooling rates in rough seas which were 64% and 68%
greater, respectively, than when wearing WS. Mean weighted skin temper- oA
atures were also lower in AC and BC than in WS. In comparison tc each -
other, AC and BC provided equivalent protection in rough seas; cooling e
rates were nearly iuantical, and declines in mean weighted skin temper- DY,
atures were similar. Both AC and BC, however, performed significantly o -
better than did F'S; cooling rates in AC and BC were less than half those o

of FS in rough seas. These findings confirm the significant loss in
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effective insulation caused by cold-water flushing, and they also con-
firm the advantage of wearing insulated clothing in cold water, even
though such clothing allows a high degree of flushing.

Interestingly, the subjective evaluations of flushing in WS (6.00 =
0.58) were not strikingly different from that of AC or BC (5.75 % 0.84
and 7.13 £ 0.67, respectively), and the svaluations of comfort in the
water were also similar for these three garment-ensembles. These
results were most likely due to the difficulty in differentiating within
the group of 'wet" protective clothing the perception of flushing fram
among the many other unpleasant stimali which accompanied immersion in
cold, rough seas (e.g. periodic faclal submersicns; continuously cold
hands and feet; cold, wet skin; shivering; muscle-cramps, etc.).

The results of this study confirm the hypothesis that a "leaky" dry
sult in rough seas provides signifiicantly less protection than does an
intact dry suit. Subjects wearing NX, the dry suit with a deliberate
tear in its left shoulder seam, had more than twice the decline in mean
weighted skin temperature and nearly four times the cooling rate in
rough seas than did subjects wearing N1, the intact dry suit. 'These
differences were the result of a mean ingress of over 7.2 kg of water
into NX during cold-water imnersion. These results confirm the findings
of Kaufian and Dejneka (20) in a previous study on identical dry suits.
In their study of subjects immersed in 7.2°C calm water, NX allowed
nearly twice the decline in mean weighted skin temperature and about 75%
faster cooling rates than did NI. The mean ingress of cold water into

NX in their tests was over 9 kg,

Other studies on dry suit leakage have shown similar resulta.
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: Allan et al. (29), using a thermal manikin and garment-ensembles of

i approximately the same total insulation as those of the present tests,
i found a 30-60% decrease in effective insulation when 0.5-3.0 kg of

2: water, respectively, wece deliberately leaked into the suit. Hayes et
.;;: al. (31), using human subjects and a wave tank producing 0.3 m amplifude
:: waves in water temperatures of 8-10°C, found a doubling in cooling rates
’?{: wher leakage was either deliberately introduced into a garment similar
';: to NI or when leakage occurred spontaneously, due to wave action, into a
‘:, dry suit with inherent insulation of closed-cell foam.

EEE'! Dry suit leakage has deleterious effects even when subjects are not

imuersed in rough seas. During exposure to cold air and waves in the

e’ -
=

one-man liferaft, NX allowed nearly twice the decline in mean weighted

P 3 20 b

skin temperature and nearly couble the cooling rate as did NI, due to a

' ,‘q-:h‘*"_‘ <

leakage of nearly 3 kg of cold water. Although some of the leakage into

e
:35 NX occurred during the initial five minutes of immersion prior to raft
.‘.'u entry, further lcakage occurred whenever waves broke over the rafts.
Fo The relative magnitude of mean linear cooling rates for the various
:: garment-ensembles in rough seas was nearly identical in the present
:'j study to that found in previous tests on rough-water performance (30). )
‘ Table 13 shows the results fram both experiments. The correlation '
::; woetficient between like garment-cnsembles in the two sots of data is Ej
4 ; 0,995. The faster cooling rates observed for subjects in the present E}
r"' study in all garment-ensenbles were not only due Lo the colder water but F.:
f.‘. : also to the severity of the sea-state. Larger and more frequent waves :‘
. :" resulted in a higher inciduiwce of head-submersicn in the presont stucly 3‘
- than in the previous tests. since the head is an area of relatively low !
& 2
% :
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insulation and subsequently high heat loss (55,56), sulunersion in cold
water potentiated total body heat loss,

Table 13. A Comparison of Cooling Rate Data fram Roughi-Water Tests

Water = 11.1 ¢ 0.6°C Water = 6.1 ¢ 0.4°C
Garment Cooling Rate Garment Cooling Rate
Ensemble (*C/hr + SEM) Ensemble  (°C/hr & SE)

Fs 3.59 £ 0.49 ¥s 5.83 ¢+ 0.52

BC 1.96 ¢ 0.24 . BC 2.87 ¢ 0.39

aC 1.80 = 0.20 AC 2.51 = 0.62

WS 0.91 £ 0.1 WS 1.71 £ 0.37
Dry suit¥* 0.49 = 0.08 NI 0.86 £ 0.15

| Ht. (am): 174.4 =+ 1.0 175.0 = 0.8

Wt. (kg): 72.2 £ 0.5 71.7 £ 1.3

% Body Fat: 12.0 = 0.5 1.1 = 0.9

*Intact, closed-cell foam insulated garment-ensemble '

In the present study, linear cooling rates for all garment-
ensembles in rough seas were negatively correlated with both time to
. cnset of ocooling (r = -0.84, p < .025) and with curation of ccoling
’ (r = ~0.96, p < .01). In other words, subjects wearing garment-
F enserbles associated with the fastest cooling rates had both tle
shortest tlme delay before their core temperatures began to decline
.agmf:.c*antly and the shortest L.uratlon of exposure to cold water.
Time to onset of cooling was also significantly correlated with the

decline in mean weighted skin te perature auring the first rive .dautes
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of immersion (r = -0,94, p < .01). These results again confirm the
findings of the previous tests in rough seas (30).

Time to onset of cooling in cold water varies with both the phys-
ical characteristics of the subject and with the quality and amount of
insulation provided by protective clothing (21,33,57). Heat loss to the
enviromment is primarily a function of the difference between ambient
and skin temperatures (33,57); heat flow from body core to superficial
tissues is a function of both tissue insulation and blood flow (57).
Thus, for any given level of cardiac output, lean subjects (i.e. those
with little endogenous subcutaneous fat for insulation) wearing garment-
enserbles which permit a rapid decline in skin temperature have both a
high rate of heat transfer from core to body surface and a high rate of
heat transfer from body surface to the enviromment. The net result is a
rapid onset of core temperature decline and a fast cooling rate.

For the garment-ensambles tested in wind, spray and waves on the
capsized boat or in cold air and waves in the one-man liferaft, the
results of the present study confirm the expected finding that well-
insulated clothing (NI, AC, BC, WS and even NX) provides significantly
better protection than does poorly-insulated clothing. However, the
results fail to confirm the hypothesis that loose-fitting, "wet," in-
sulated coveralls provide better protection than does a tight-fitting
wet suit. Subjects wearing AC, BC or WS on the boat and subjects
wearing AC or WS in the raft all had similar times to onset of cooling,
similar durations of cooling, similar declines in mean weighted skin
tenperatures, similar linsar coolirg rates, and similar subjective

scores for both protection against wind and spray and for comfort.
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These results are surprising in that the total insulation in air of AC
and BC would be expected to exceed that of WS, The greater loft of AC
and 8C ‘i.e. the amount of trapped air within the layers of the garment)
should give these garments an advantage nver the tight-fitting wet suit,
which retains little trapped air (37-40). Furthermore, the closed-cell
foam insulation in BC is significantly thicker around the trunk, a
thermally important region of the body (56), than that of either WS or
AC. WS, on the other hand, has 50% thicker closed-cell foam in all
locations thar. does AC. If the thickness of the foam were the primary
factor in the total insulation of these garments, skin temperature
decraments and cooling rates would be ordered AC > WS > BC. Since these
variables were found to be nearly equal, other factors were evidently
influencing the effective insulation of these garment-ensanbles.

sody motion decreases the intrinsic insulation of protective
clotning (37,53), since circulation of air trapped within the gament
increaszes convective heat transfer. In addition, physical activity de-
creases surfac2 air insulation (53). The subjects in the present study
were seated atop the boat where they frequently had to grasg the hand-
rails to avoid being washed overboard by the waves. The physical act-
ivity involved may have created a pumping effect to increase the flow of
trapped air to the envircnment and, subsequently, to increase convective
heat losses in AC and BC (53). Similarly, the subjects in the raft had
to frequently bail water in order to maintain the raft's freeboard. This
activity may also have created a pumping effect; And the effect of
waves impacting on AC and iC may have further contributed to convective

heat loss by campressing the garments and temporarily displacing trapped

o T
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air. Finally, water from the spray-making apparatus and from waves

; washing over the boat or into the raft may have entered the loose~

o fitting coveralls and increased conductive heat losses. The combined

effects of these various factors may have reduced the total insulation
of AC and BC in air to a level eguivalent to that of WS.

{5 In both the raft and boat environments, mean cooling rates for

i" subjects wearing any of the insulated garment-ensembles were slowing by
‘,{: the end of the exposure period. As seen in Tables € and 7, the final

',;! cooling rates were noticeably smaller than were linear cooling rates for
% all garments except FS. For AC, in fact, final cooling rates in both

.::;': environments were negative, implying that subjects wearing this garment-
j' ensemble were actually rewarming at the termination of their tests,

EE despite continued exposure to the cold.

g The slowing of cooling rates in both the boat and raft envirorments
',& was a result of conservation within the garment-ensembles of increased
} metabolic heat produced by shivering. For the subjects in this study,
o who were physically fit and who had greater than average muscle-mass,

:,s the net result of endogenous heat production (i.e. shivering thermo-
genesis) canbined with adecquate clothing insulation was a significant
reduction in the rate of heat flow fram body core to the culd environ-
;." ment. Less fit individuals, with smallér capacities for shivering

::": thermogenesis (i.e. a smaller percentage of lean body mass) would likely
f’ bz less successful in slowing their cooling rates in either the hoat or
! raft enviromnments (58).
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C, Survival Time Estimates

Estimates of survival time for immersion in rough seas, based on
the data from these tests, must be made with extreme caution. The
subjects of this study were not representative of the average pop-~
ulation, so inferences derived from their cooling rates can only be
applied to subjects of similar physical characteristics.

The subjects in this study were all male, so extrapolations to a
famale population may be unreliable. Some studies, however, have shown \
that men and wamen have similar cooling rates (54,59). Sance women, in
general, have more subcutaneous fat than do men, heat flow from body
core to skin is generally slower in wemen than in men., But women are, )
in general, smaller than men. They therefore have a larger surface-area A
to mass ratio, which potentiates heat flow from the body surface to the
environment (33). ‘These two opposing factors may balance each other and i
result in similar cooling rates for men and women. 0y

The subjects in this study were also lean and extramely fit. sBoth
percent body fat (60-63) and physical fitness (64) Lave been shown to be

ll'fl‘

s

negatively correlated with cooling rate (and therefore positively cor-
"’

related with survival time). The subjects in this study thus represmnt

e A
-
-

-

a worst-case survival situation with respent to body fat, but a best-
case with respect to fitness.

Finally, only one water temperature was tested in this study.
“herefore projections of survival times cannot be reliably applied to o
other water conditions. Colder or warmer water would likely be as- jt

sociated with shorter or longer survival times, respectively (59,65).
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for similar subject populations under similar experimental conditions.
The high degree of correlation in cooling rates presented in Table 13
from studies in different water temperatures derives from the use of
highly comparable subjects wearing identical garment-ensembles in
similar sea-states.

Given these constraints, estimated rough-water survival times for
the subjects in this study are shown in Table 14. “Three different
levels of survival time are listed: 1) time to reach a core temperature
of 34°C, which some authors feel is the limiting temperature for useful
function in cold water (25,31,66) and which has been adcpted as the
basis for the selection of immersion clothing by the Air Standardization
Consultative Committee (comprised of representatives from U.S., Canadian
and U.K. armed forces) (67); 2) time to reach a core temperature of

30°C, a temperature at which uncorsciousness is probuble (11,21,24,33);

and 3) time to reach a core temperature of 25°C, a temperature where

cardiac arrest is probable (21,68).
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Table 14. Estimated Survival Times for Lean Subjects Wearing Various Types

of Protective Clothing in Rough Seas at 6.1°C

Estimated Survival Time (hrs)
(95% confidence range)

Garment Time to Tine to Time to
Ensemble Incapacity Unconsciousness Cardiac Arrest
(T = 34°C)* (T = 30°C)* (T = 25°C)*

FS 054 - 1.3 0.8 - 2.6 1.3 - 4.3
I.QX 0|9 - 207 1-6 - 5'2 2.5 - 8-4
BC 0|9 - 2.7 107 - 5-5 b
AC 1-0 - 209 1.9 - 6-0 3.0 - 909
WS 106 - 4.7 3-1 - 9-9 4'9 - 1602
NI 2,9 - 8,8 5.7 - 18.2 9.1 - 30,0

*Body core temperature
**Since this garment-ensemble lacks self-righting flotation,
death from drowning will be due to unconsciousness

The assumptions underlying these estimations are as follows: 1)
cooling rates are linear, as other studies have assumed
(11,17,30,54,59,68); 2) cooling begins after the times to onset of
cooling shewn in Table 3; 3) initial rectal temperature is 37.5°C; 4)
survivors are able to maintain airway freeboard until unconsciousness
occurs at a rectal temperature of 30°C; 5) self-righting flotation, used
with all garment-ensembles except BC, maintains airway freeboard when
survivors are unconscious.

The range of survival times shown in Table 14 derive from the mean
result of extrapolating each subject's linear cooling rate. However,

over the duration of ilimmersion, mean cooling rates were incrcasing for

FS and NX but were decreasing for NI (see Table 5, final cooling rates).
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Therefore probable survival times for a population similar to the :g‘
" subjects in this study may be less than that shown for FS and NX and may :;:
be greater than that shown for NI. f",
3 The survival time estimates are based not only on cooling rate but :
,;,; also on the time-to-onset-of-cooling. Since botl. are a function of the ‘
% inherent insulation of the clothing and of the amount of cold-water Ezi
%%“ flushing within the clothing, the survival times underscore the dif- Ei
. ferences among the various garment-ensembles with respect to tightness- :
g{é of-fit, thickness of insulation and "wet" versus "dry" characteristics. 5::
_gﬁf The estimated survival times again indicate that NI offers the best :Eéf:.
n protection and FS offers the least protection in cold, rough seas., NX, ‘\Q
(“j AC, and BC provide approximately the same level of protection, and WS is :i%
i intermediate between these three and NI. :%
?‘ | Survival time estimates for the boat and raft environments cannot :;: “
‘ be reliably made because the assumption of cooling rate linearity in :\E%E
; these environments, beyond the two hours measured in this study, may not :fgﬁ. "
T_' be valid. For all garment-ensembles except FS, cooling rates were ..
; considerably slower at the end of exposure on the boat or in the raft h:‘t
L‘:.E than were mean linear cooling rates. :1
_ D. Estimates of Insulation for the Immersed Garment-Ensembles ‘
.j( Although many studies Liave measured the amount of insulation in air "‘
'." of protective clothing, only a few studies have attempted to measure
i lmmersed clothing insulation (29,69)., Several laboratories are
. ,
Q currently performing this task with thermal manikins in calm water '
’. (70,71). The results show that FS has immersed insulation of 0.06 clo, ‘::
" :;
L0 ~
% »
;
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NI has immersed insulation of 0.60 clo, and NI without its insulated
undergarments has immersed insulation of 0.33 clo (31,69). (Generally,
1.0 clo is the amount of clothing insulation required for a subject of
average size to comfortably sit in approximately 20°C still air; mathe-
matically, 1 clo = 0.155°Csm2/W, where mé is the clot'.ed surface area in
square meters and W is watts of heat flow). By compariscn, swimming
trunks in calm-water provide atout 0.03 clo of insulation (31).

Using human subject data from calm water tests and the clothing
insulation measurements from thennal manikin studies in a laboratory
tank, Wissler developed a mathematical model for relating core temper-
ature to clothing insulation (72). This model has subsequently gained
wide acceptance: the five-nation Air Standardization Coordinating Com-
mittee adopted it (67), and Allan used the mexdlel for recoumending ra-
quired levels of protective clothing for helicopter crews £lying to and
from offshore oil operations in the North Sea (Z5).

Recently, Nunneley, Wissler and Allan (73) used the model to as-
pociate various levels of clotliing insulation, survivor skinfold thick-
ness and projected survival time (defined in their study as the time to
reach 34°C hody temperature). For the FS (0.06 clo) in 5°C water, tat
subjects (90th percentile skinfold thickness) had a 9-fold greater
survival time than did thin subjects (10th percentile skinfold
thickness). For immersed clcthing of 0.33 clo in 5°C water, the fatter
subjects had a 6-fold longer survival time, Iurthemore, for clothing
insulation of 0.33 clo, 90th percentile body fat subjects immersed in

5°C water liad the same predicted survival time as did 10th percentile

body fat subjects immersed in 14°C water.
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Thaese authors alszo published a namogram sho.irv che winiram arount
':g of insulation required at any given calm-water temperature to protect
o the 10th percentile, male population. Figure 36 reproaluces thisz namo-

gram along with the projected times to 34°C core temperature for the

:; gament-cnsembles used in the present study and for the identical

. garment-ensembles used in the previcus rough-water tests (30). Since

.‘5:: the subjects in both studies were close to the 10th percentile of U.S.

{fi males with respect to skinfold thickness and body-fat, Figure 36 pro-

%' ’ vides an estimation of the effective inasulation in rough seas of the

%: various garment-ensembles tested. That is, the rough-water data plotted

;.‘ - on the Wissler-Nunneley nowogram ylel< insulation values which would be
2

expected if garment-ensembles with the same effective insulation were
tested on @ manikin in a calin-water laworatory tank. The difference
between this effective insulation and the insulation actually maasured

for a particular garmment-ensemble represants, to a large degree, the

P
bl Yot i A =X 0

ol

effects of the rough seas.

The 'S garment-ensemble (i.e, flight suit + cotton, thermal under-

[

wear, etc.) has an effective Limersed insulation value in rough seas of

e -
-
P |

about 0.08 - 0,10 clo. 8ince the flight suit alone accounts for the

0.U6 clo curve on the nomogram in Figure 36, the 0.08 - 0.10 clo esti-

‘{Ia -

mation is not unreasonable, given the additional insulation of the

N thermal underwear. Rough seas do not appreciably degrade the small
"-'j amount of insulation in FS, This finding corroborates the results of

:ij previous hunan-subject tests, where no giynificant difference between
N

calm-sea and rough-sea cooliny rates was found for subjects wearing FS

B (30).
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Figure 36. The relationship among calm-water temperatuvre, imuersed
clothing insulation (clo) and estimated time to Tre = 34°C (adaptea
from Nunneley, W.ssler and Allan (73)) for 1l0th percentile
(skinfold thickness) males. Data points are plotted from estimated
times to Tye = 34°C for garments tested in rough-water at 6.1°C
(present study) and 11.1°C (Steinman, et al (30)). Effective
insulation can be estimated from interpolation between the curves.
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AC, BC and NX have effective immersed insulation in rough seas of

Al "'. N

approximately 0.30 - 0.33 clo. Extrapolations of cooling rates for

LA

o
T

these three garment-ensembles in 6.1°C rough water yield times which lie

<

2wy
i

on the 0.33 clo curve; extrapolations for AC and BC in 11.1°C rough

)
"
=t

‘1'

seas, however, yleld insulation values of about 0.30 clo. Since NI,

=~ &
T

without its insulated undergarments, has a calm-water, immersed in-

sulation of 0.33 clo (70), the equivalent insulation value for NX in

b
o

i
g

rough seas indicates that leakage of cold water into the dry suit es-
sentially eliminates the additional insulation provided by the layers of
cotton thermal and Thinsulite underwear. Similarly, garment-ensembles

comparable to 8C have a calm-water, immersed insulation of 0.43 clo

Ll dy

(71). The 30% reduction in effective insulation to 0.30 clo, estimated

,.,.,,
i

from the data in rough seas, correlates with the significant increase in

|

cooling rates of human subjects wearing BC in rough water over that

2

s

found for calm water (30).

o

L3703

WS has an effective immersed insulation in rough seas of

&

approximately 0,35 - 0.38 clo. The insulation of WS on a manikin
immersed in calm-~water is 0.€3 - 0.65 clo (71,74). The 40% decrease in

effective insulation between the calm-water, manikin data and the rough-

ERY. ¥ o K .5 » _m_

water, human subject data compares to a 30% increase in cooling rate for

g subjects wearing WS in rough seas over that in calm seas (30).
g Finally, Figure 36 shows that NI has an effective insulation in
;! rough seas of approximately 0.53 clo (compared to 0.60 clo measured on a -
§ manikin in calm water). The 12% difference is likely due to the in- }.'
; creased heat loss fran the subjects' frequent head submersions during
rough-water tests, since NI had essentially no leakage in rough seas. .
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E. Perfonmance of the One-ian Liferaft

The one-man liferafts used in this study were notably successful in
reducing the effects of cold-water immersion: for all garment-ensembles,
cooling rates were slower and skin temperature declines were smaller for
subjects in the raft than for subjects in the water., Furthermore, the
r rafts provided a degree of shelter from the effects of wind and spray: a
subject could lower his head, shoulders and trunk below the inflated
collar of the raft and thus avoid exposure to these elements. Finally,
the rafts were moderately effective against the effects of breaking
waves: a subject could pull the sides of the raft together and minimize

water entry into the raft under a breaking wave.

In addition to protecting surviveors from the cffects of a cold
environment, the liferafts provided highly effective flotation. Their
freeboard was sufficient to minimize swamping in the breaking waves, but

whenever water entered the raft, the raft remained upright and afloat,

permitting the subjects to easily bail out the excess water. 'The ralls
were also exceptionally stable; the buttocks of the subjects seated in

the raft served as a keel, minimizing any tendency of the raft to

!
)
*0
A
g

capsize. As a result, only 3 out of thie approximately 4800 interactions
between rafts and waves resulted in raft capsizings.
These findings justify the future use of this ore-man liferaft in

military helicopter cperations. Nearly all rotary-wing aircraft which
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f£ly over watcer have stored liferafts aboard in the event of ditching at

Es

sea. Unfortunately, when the helicopter capsizes or sinks, which is
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often the case followiny ditching, these stored liferafts are unavail-
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able to the crew., The primary advantage of the one-man liferaft tested
in this study 1s its ready availability to a survivor. Since an air-
crewman can wear the packed, uninflated raft on his back, he can im-
mediately deploy the raft after he escapes from the helicopter. In
contrast to the stored liferaft, the one-mnan raft meets the primary

requirement of any item of personal survival equipment: accessibility

when neeaded.

F. Operational Considerations

The primary focus of this study was on survival at sea: it
examined the types of insulated clothing and the options for survivor
location which offer the best protection against the effects of cold
water and cold weather. The data from these tests may prove useful in
the design of training programs for survival at sea and in the selection
of operational clothing for survival at sea. These data, however, should
e used cautiously, since they derive fran a highly select population of
human subjects. They may not apply to a general population of larger
(l.e. taller, heavier, and fatter) or less fit males, and they may not

apply to a female population.
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Foeen

the selection of appropriate protective clothing for military or

o'

civilian personnel engaged in maritime aviation or vessel operations

over cold water requires consideration of many other factors than just

R SN e e @

cooling rates and skin temperatures. Among these are:

é 1) Continucus wear capakility
\ Operational clothing should be comfortable both at rest and
» wliile working; it should not impede mobility or manual
_ E: dexterity; and it should not induce heat stress when worn in
‘; environments of high ambient temperature.
b 2) Buoyancy
f; Operational clothing should have inherent buoyancy or be
c.' conpatible with personal flotation devices which are reliable,
d have self-righting capability, and have adequate buoyancy to
-‘ maintain airway frechoard in both rough and calm seas.

3) Protection of the airway from aspiration cf water in rough seas

4) Availability of supplemental protection (e.g. the one-man ratt)

e 5) Ease of donning and donning-time :‘-:
", 'n:"
3 6) Visibllity; storave space for signalling devices ;-.fj
] ":-*

7) Facility of rescue; probable rescue time

o P

£

N 8) Facility of underwater escape

9) Flame resistance

L2,

10) Maintenance and requiied storage space

o]

0

! 11) User contidence and aestlietic appeal

T S e

12) Cost
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Protection against immersion hypothermia must be carefully balanced
against these other factors, and such balance nec arily involves

canpramises. Maxinum protection against immersion hypothermia is almost

always achieved at the expense of comfort, mobility and reduction of

heat stress. Maximum comfort and mobility and minimal heat stress, on ' ;‘}
v K
the other hand, are usually achieved at the expense of protection in Q‘;

cold water. For example, a dry suit, like NI, offers the best pro-
tection against immersion hypothermia; but it may be associated with

O
wearer discomfort from chafing by the neck and wrist seals, and with ;;\«;;
heat accumulation in the garment. Furthermore, it may require a high ‘::“t
‘degree of malntenance to ensure its integrity against leakage from tears ,;ss;;
or holes, AC offers less protection immersion hypothermia than does NI, l%ﬁ
but it is easier to don and maintain, Like NI, however, it may be :‘::“E:é
associated with discomfort from heat acounulation. FS is canfortable, .h;':é.
inexpensive, easy to don and maintain, and does not significantly limit :E:i:g}
mobility; but it offers the least protection against cold water or air. :3%:‘%
When combined with the cone-man liferaft, however, FS provides nearly the fr..
same protection as do AC, NX and BC during immersion in rough seas. ',:?-

Selection of appropriate protective clothing thus requires inte- :(: A

gration of performance characteristics with logistical support demands. ;." 9

f The operational effectiveness of a particular garment-ensemble must be ::%:
| balanced against its operational suitability. Ef
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! 4
: CONCLUSIONS
-¢' 1) Survivors of maritime mishaps, dressed in any of the garment- t
E; ensembles, meintain higher skin temperatures and slower cooling rates if ‘
‘ they escape from immersion in rough seas onto an overturned boat or into ’
E% a liferaft., Survivors exposed to cold wind, spray and breaking waves ::
?: have significantly less risk from hypothermia than when they are im- w
) mersed in cold, rough water. *
b . ~ g
. %‘: 2) A “dry" suit which has adequate insulation and which remains intact 5
-‘Sﬁ provides greater protection against immersion in cold, rough seas than o 3’*
f j‘ does a tight-fitting 'wet" suit. A tight-fitting “wet" suit provides 2325
;E':f greater protection against immersion hypothermia than does a loose- i“:i
X fitting, 'wet," insulated coverall. A "dry" suit which leaks suffers a . ’t“
%‘ significant loss in insulation and may provide less protection than even E,;
% a loose-fitting, "wet," insulated coverall. ;%»
_ :‘i ’ “ji
. 3) For survivors exposed to wind, spray and breaking seas atop an over- ;
turned vessel or aircraft, a loose-fitting, 'wet,”" insulated coverall E :'{
. does not provide significantly better protection against hypothermia ' '
N than does a tight-fitting "wet" suit. "
b v
;‘: 4) The experimental one-man liferaft, if worn by an aircrewnan as part .‘,{';
;. of his personal survival equipment, can provide highly effective pro- :"“'
‘: tection against both hypothermia and drowning in rough seas, .5_
3 g2
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R RECOMMENDATTONS
q 1) The results of this study should be used in training programs for j
b maritime personnel to emphasize that exposure to wind-chill is far less ‘;
0y A
hazardous to a clothed survivo:r, even when wet, than is continuous N
3 =
e
%‘; exposure to cold water. E“
it . W
¥ | a3
K 2) The results of this study should be used in selecting appropriate '
,:: protective clothing for personnel engaged in vessel or ailrcraft oper- . i;,
DYy )
F,h ations over cold water. However, since these results address only E;: '
S G
g protection frem cold-water immersion and protection from cold wind, they 'ﬁ’:
% should not be given undue emphasis in clothing selection decisions. .;';;
: :‘:,:
Other logistical and operational factors must be considered as well, L

3) The one-iman liferaft should be incorporated into the personal
N survival equipment of military helicopter crewmen.
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