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COLD AND WET 

Estimated Survival Time in Global Water 

lntrodudion 

How long con a man survive off the Kamchat ' a ,co s ? 

How long can a crew of three survive in a liferaft? Ho m _ ch 

t ime does a rescue team have to make a successfu pie up? 

These and similar inquiries aro frequently received by t 

Arctic, Desert, Tropic Information Center from a _ nci 

over the world. Because most such inquiries in 

relationship between water tempPrature and esti""""11'•""' su , 

vival time, a graphic and descriptive analysis of th p o 

hc,s been prepared. The length of time an indi "duo ' 

survive in water and hence the amount of t i 

units have available to effect recovery have been 

for the seas and oceans of all climatic zones. 

The results of this study will be of value to roups a ,n 

units operating in areas where water survival is ,o rimary 

concern . 

PAUL H. NESBITT 

Chief, ADTIC 

Research Studies Institute 



. . , . , .. 
r . . .. . .. . . . . 
. . . . .. . 
i . . . 

. . 

. . 
' . 

' r 

' 

.. . .. 
·. 

..,.,-.,. .,. ....... . . .. . ' . ·-

. , 

THE PROBLEM 

Two-thirds of the earth's surface is covered with water and the chances of circrews having 

to ditch ore of such odds as to warrant serious consideration of the problems involved in 

water survival. Approximately one-third of this water is located in regions where the surface 

temperature is 70° F or higher-regions where survival depends on th'e length of time a 

person con keep afloat and con keep from being attacked by sharks or other dangerous ma­

rine animals. 

In northern waters the survivor's greatest danger after abandonirig the aircraft will be the 

effects of the cold. The most serious immediate effect will be extreme body cooling which 

may quickly result in death. Coo li ng takes place more rapidly in water than in air for two 

reasons: ( l ) wetting greatly decreases the insulating effect of clothing; and (2) water d isplaces 

the layer of still air that norma lly surrounds the body. Thus water rapidly condvcts heat away 

from the body. A second serious danger 1s that of loca l in jury by cold, i.e., frostbite, immer­

s ·on fo t·, - c. 

In os cos s of x o re, fa o r o low a i a d wa r f ur s, high inds, we A 

n ss,,. and inad quot • 1 in c m o co pro I of o r 
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is oft .n x erienc d a -, ni h oH. Fa al chil 1ing may also o c r in cold a,ir, i,f in uffi ien1 

clothin • or or if do hin b com s t. · n · int w ith st ep and iner as 

hau. tion, v ry ffort hould made to o 's dothi dry. 

T I thcd a ors of b ing imm rs d in co d 
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coses of over water egress 13% of the crewmen experienced fatal injuries. Over 40% of aU p r­
sonnel who egressed over water were found to be distressed by the cold or other forms of 
exposure, 39% experienced problems in submersion, and 8% drownecj. 

The relation o~ survival time to water temperature is not a simple one. Each indiv'dual will 
vary in his reaction to cold stresses. The type of clothing worn, the extent of activity on t e 
part of the survivor while in the water, and the body temperature of e in ividual wh n he 
enters the water will all affect his survival time. Likewise the followin , physio-p ye ologica! 
stresses will be determining factors: (1) excessive cold and wetness a nd h k accompanying 
effects; (2) thirst due to inadequate water supply; (3) exhaustion and hunger from a ac of 
food; (4) humidity and intense heat; and (5) various psychological tre s s such as i ola ·on1 

loneliness, and remoteness. 
Emergency survivors who die within 10 to 15 minutes appa .. ently do not uccumb becau 

of reduced body temperature, but rather from the shock of rapid ntry info cold wet r. Fi n 
minutes is too short a time for the body temperature to fall to a fa al I- I. This ·s substan-
tiated by the reports cf survivors who state that the initial shoe of nt -,ring cold at. r I ft 
them gasping and exhausted, and was followed by a numbne which graduaH spr a 
through their bodies as a false sense of warmth . 

Despite the cold and formidable nature of the sea numerous par on 
seemingly insurmountable obstacles and survived. The follow ing a 
the cases of those who succeeded: (1) twenty-three seamen su viv d 

V conque ed h 
bu a fe of 

four hours; (2) one seaman survived on hour of immersion i ater f 
crew survived for three days on a raft in the North Atlon i n c snow an 
and an additional 48 hours of sub-zero temperature which f oze th · yin su 

f 
(3 

clothing. After making land the group survived still ten more days in a shel er 
snow; (4) the late Sir Hubert Wilkens, famous arctic explorer, f II into ar•fr , zing 
was rescued by eskimos in a few minutes time, with no m ff ct ; (5) four 

CAF 
Ii ard 

and under­
u in he 

wa er and 

of a Norwegian vessel fell into icy antarctic waters and swam 200 ard to an ic rg 
they r~mained for two weeks subsisting on penguin; (6) in Worl a r H a Unit d Sta e 

wmen 
where 
Arm,y 

2 
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A"r orce s.ur on r co . d rif y instan s ,o · at r po ur ,o subardic r o 1n ·ch 

h av ro - m n hly t mp r·o ure ranged fr,om 36° to O F. o•f . e victim involv d 

m pan · and w re , - cu .1 oft r r "ods ,of i m nio om a f w minu 

o ov r _ 7) eral lwinin and 1 A comp nions n day •n trop· 

. rs with a minimum of rations and r ; ,(8,) Cap ain and n o,f h" 

a w · d 21 days in , sout Pac· an und _ r t mo t ad condi ions; 9) a 

m ,n o do ·n flanne trou ,,. ond d m ar · s, r m in d on a ra for 48 hour a a 

s a temp f'\atur . of' · 2 F and ,an 0 1·r t mp ,atur , belo z ro; ( 10) an F-860 1pi ot surviv d 

• r· on · ou - in wat r of 33° F; and 11 ) an F-89 ob ,rv r ,appro ~ma ly ,one hour 

and 45 m·nut s in wa r of 40° F. In all d so - of th _ most ad-

v rs cond1 ·ons 1 • a has, to o r. Ch"e th urv,vors 

' o mo it' hrou h th tr ord al was to ve,. 
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ony { ,or 3 '~ and 

ndu t e sam wa r 

ha if m n -p r1.y 

_ raft unaid d 
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suits ready for instant donning. The protection from the cold afforded by these suits facilitates the accomplishment of difficult operations, and extends the time a survivor can remain in the water without discomfort. Case histories reveal that even if crash victims succeed in boarding a liferaft without on antiexposure suit they will be unable to make us; of the various items of emergency equipment provided because of the incapacitating effect of evaporative cooling. Nume;-ous survivors hove stated how difficult it is to climb aboard a liferaft after being in the water without on antiexposure suit. The numbing effects of the cold water make the operation severely fatiguing or impossible. The exposure suit protects the body from the cold water, keeps the clothing light and dry, protects the survivor from the elements while in the liferaft, and by virtue of ih great bouyancy aids in lifting him into the raft. 
Personnel abandoning aircraft should take with them as much clothing as possible, especially waterproof clothing. Survivors on liferofts should huddle together for warmth, shield their bodies from wind and spray, eat as much as rati~ns __ will permit, and exercise if at all 

• I __...,.--...._ ~ -,- --- -.... - ·- -- --; poss1be. __ , ,,. ./ . ./, . . ·. . ,' ,,· 
Downed USAF crewmen, who survived under the rigorous conditions during the Korean V'/or, stress the fact that a successful survival story usually begins long before a man climbs into his plane. Based nn their comments and recommendations there ore ten musts to successful survival: l. A crew member must be mentally prepared for the fact he may go down. 
2. He must be in good physical condition. 
3. He must have serviceable survival equipment attached to his chute harness or easily accessible in the aircraft. 

4. He must be profic.ient in the use of this equipment, especially the water survival gear and signaling devices. 

5. He must know how to inflate and board a liferaft. 
6. He must be dressed for the environme11tal conditions . 

1r. ~~ 
,; •• *.1 l . ........... -'.•·., .:- -...:-.---:-.;-_._·.-:.·.·./: ~~~~.~. . ._.~,-. -•- -
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7. He must be thoroughly familiar with ejection, bailout, ditching, and crash landing pro­
cedures-so familiar that he will know, without undue deliberation, exactly what he must do 
an any given situation. • 

8. He must know how to guide his parachute in the air, how to make a parachute landing 
m water or on land, how to release parachute canopy and get out of tho harness after landing. 

9. He must hove enough information about the water area or terrain over which he is 
flying to know what to expect if he comes down. 

l 0. He must know the operating limitations of rescue aircraft so that he cu;. assist in his 
own rescue. 

The above requirements ore valid for any survival situation and the man that con meet 
these requirements "when the chips are down" has the survival bottle well in hand . 

ESTIMATED SURVIVAL TIME IN GLOBAl- WATt::RS 

The estimated survival time of man ~owned at sea is presented graphically by means of 
w.ops which reflect sea surface temperatures for every month of the year throughout the en­
tire world, except the equotoricl regions lying between 5° N and 15° N. The February map 
represents the e xtreme of winter conditions in the northern hemisphere and the extreme of 
summer conditions in the southern hemisphere. The August mop represents the reverse-ex­
trew.e of summer condition~ for the northern hemisphere and the extreme of winter conditions 
for the southern hemisphere. 

lsothermic data for the accompanying mops were obtained from the U. S. Novy Hydro­
graphic Office. Other data ore based upon articles and books on file in the Air University 
Library and the Arctic, Desert, Tropic Information Center. Holdings were screened for pertinent 
information on hypothermia, windchill, exposure to cold, body temperatures, metabolism and 
body heat production, survival of men immersed in the sea, laboratory cold experiments on 
men and animals, controlled outdoor exposure experiments on men, fatigue and exhaustion, 
cold injuries, and physiological and pathologico I effects of cold on man . 
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By exammmg the accompanying mops one con determine at a glance the approximatP time of survival in any given area of open ocean water. It should be realized, of course, that the time of survival in any body of water will be modified by a number of variables including wind velocity, temperature of air and water, degree of clothing satur9tion, humidity, physical activity of the individual, duration of exposure and individual variations concernin3 sex, age, body build, amount of fat, and mental att itude. 
A human body cools when immersed in water having a temperature of less than 92° F. The warmest open ocean water that con be expected at any time of the year is 84° F. Even individuals immersed in water of this temperature undergo significant cooling, and may need the protection of on antiexposure suit.* The survivor sitting in a liferaft in warm climates may lose body heat rapidly due to evaporative cooling, unless provided with cen antiexposure suit. The rate of loss of body heat increases as the temperature of air and water decreases. The ranges of survival time are based upon the assumption that the crewmember is clothed in ordinary flying clothing or uniform, is in good physical condition, and when immersed in the ocean has a life preserver. The physiological limit of survival is reached when the recta l tempera ture reaches 78.6° F. At this temperature the overage individual will die, although a few individuals may continue to live. In some cases, for example, individuals have survived with rectal temperatures as fow as 64° F. 

Area A (see maps) is considered the :nost dangerous svrvivol-wise. In this region of 30e to 35° F water temperature, the ind ividua l suffers severe shock upon entering the water. Th is shock in some instances may be fa ta l owing to loss of consciousness and subsequent drown­ing. Are-:1 B, w here water temperature ranges from 35° to 40° F, also imposes severe con­ditions for survival. In Area C, where water temperature ranges from 40° to 50:, F, i+ 1s estimated that an individual should be able to survive up to three hours, although from 
•Antie• po•ure •ui!s ore de1ignc~ lo protect the wecrer from eatreme cold on land or wote,. T'ie Air Force h:u in ih cvrrent in•enlo,y on Antie•poture Co•eroU, Type CW U- 3 / P, which w ill prolec:1 personnel down to o minimum of 50• F. The inaulotion gormenl for IN CWU-l / 1' i1 the Antie><po1ur• lm,nedlote Conrail, Type CWU-2/ P, which is used in the temperoh,re ronv• of u • to 40 • F Air fo,ce pvbli<ot~• do not lilt the MO><imvm time this enaembie will proled the wearer. Ho•••••• the U. S. No•y hot performed e•penmenh with the current i11ue of ontie•po•u•• 1uit ond ho•• fovnd that penonnel ,_ be p,otected f,Offl one to two hovra ot woter t•fflperotvres of 2r f. ond for lon.ie• periods . .... 1d • life,. ft. r.- ,._..,. ,_ • Ill "-4 ...... I effiPJt • .Up(I 
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actual observations ot th is temperature range only 50% of a group con be expsctcd to surviv 

longer than one hour. This zone is a transition area where only personnel in the best phys·col 

condition can survive the maximum period. Area D is also a transition area. Here where 
# 

temperatures range from 50° to 60° F, the individual has a reasonably good chance of ur• 

vival if rescue is effected within six hours. In Area E, where water temperatures ra . e from 

60° to 70° F, an individual can survive up to twelve hours. Surviva: rn this region ·s r"ly 

an endurance contest. Finally, in Area F, where water temperatures ar 70° F or hi r, ur-

vival time depends solely upon the fatigue factor.* 

• Acco,di"g to o .. oilo bl• ,.,,.;.,o1 ;,.fo,motion the lo"g .. t .,.,iod of ;..,,...,.;°" in t hi a o••o ho, t...,, M hov,a. 
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