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MARI NE CORPS ORDER 3470. 1A

From Commandant of the Marine Corps
To: Di stribution List

Subj: Prevention of Cold Wather Injuries
Ref : (a) FM 31-70, Basic Col d Wat her Manual (NOTAL)
Encl: (1) Wndchill Chart Fahrenheit Scal e
(2) Wndchill Chart Centigrade Scal e
(3) List of Filnms and Publications
1. Purpose. To provide information regarding the inpact of cold
weat her on training and tactical operations and to establish

guidelines for the prevention of cold weather injuries.

2. Cancellation. MO 3470.1

3. Background. On 45 percent of the world s | and surface,
conditions of cold occur which require special training,
precautions, and equipnent. As the Nation’s anphi bi ous
force-in-readi ness, the Marine Corps nust be prepared to
function effectively in cold weather. The cold weat her
environment is particularly hostile to the untrai ned and
ill-equipped.

4, | nformati on

a. Past Marine Corps training exercises and operations in
cold weather, both outside and within the continental United
States, have resulted in avoidable injuries to Marines. Proper
use of sinple preventive neasures which are inspected and
enforced will nmarkedly reduce the incidence of cold injury.

I ndi vi dual and unit discipline, training, and experience are
closely related in their influence upon the incidence of cold
injury. Well-trained and di sciplined personnel are better able
to care for thensel ves through personal hygi ene, care of feet,
change of clothing, and similar neasures. Anpong the comon
injuries or conditions associated with cold weather are
frostbite, hypothernia, trench foot, dehydration, constipation,
snow bl i ndness, and sunburn.
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(1) Frostbite. Frosthite results fromcrystallization
of tissue water in the skin and adjacent tissues, and is produced
by exposure to tenperatures below the freezing point. It
nost commonly affects the hands, feet, or face. Below 200 F
the speed at which frostbite occurs is greatly influenced by
wi nd conditions. Enclosures (1) and (2) show the rel ationship
bet ween wi ndspeed and tenperature. Frostbite usually begins
wi th an unconfortabl e sensation of col dness, followed by
nunbness. The skin initially turns red and then becones pale
gray or white. The affected extremty is cold, pale, and may
feel hard or wooden to touch. A "buddy systent of observation
can be effective in providing early detection and prevention of
frostbite. Frostbitten extrem ties should never be rewarmnmed in
the field. Premature or partial thaw ng and refreezing
significantly increases the severity of injury.

(2) Hypothermia. Hypothernmia is the genera

depression of the body tenperature (to 950 F, or below, in the
case of young adults). Even mld hypotherm a can render
personnel ineffective. Severe hypotherm a may cause deat h.
Hypot herm a occurs when the individual |oses body heat at a
rate faster than it is produced. Water, because of its heat
conductivity, has a cooling power 23 tines that of air. For this
reason, wet or danp cl ot hing, whether caused by water

i mrersion, sweating, fuel spill, or other circunmstances nmust be
avoided. This is the reason for strict adherence to the basic
principle of using nmultiple layers of dry clothing for cold

weat her operations. Layers of clothing are renoved according
to the degree of exertion to avoid sweating and getting cl othes
wet. As the level of activity decreases, l|layers of clothing
are replaced. The windchill factor plays an inportant role in
hypotherm a just as it does in frostbite. The synptons of

hypot herm a are nonspecific and are often di sregarded because of
a conpl acent attitude. Abnormal fatigue or weakness, nenta
confusion, and cessation of shivering are all signs that should

alert troop | eaders to the onset of hypothermia. |nmediate
action must be taken to forestall further heat |oss and the
resulting conpl ete noneffectiveness of personnel. To diagnose

hypot herm a, one has to take a core tenperature reading. This
usual ly nmeans taking the victinis tenperature rectally. Oa
tenperature readings are worthless in a cold weat her

envi ronment .

(3) Trench Foot (Immersion Foot). Trench foot results
fromwet exposure for prolonged periods at tenperatures above
freezing, and may affect susceptible personnel in a natter of
hours, if immbile. There is nerve, nuscle, and blood vesse
injury. Early signs are pale or blotchy skin and nunbness,
followed by pain and swelling in |ater stages. Also, blister
formation and | oss of pulse is common. Prevention of this
di sabling condition centers on keeping feet as dry as
possi bl e.
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(4) Dehydration. Dehydration is one of the npst
i nsi dious and physically detrinental events in cold exposure.
Exposure in the cold produces significant water |oss through
respiration, perspiration, and urination. Early signs of
dehydration include | ethargy, decreased skin tone, sunken eyes,
and constipation. There is often increase in the pul se rate,
darkening of urine fromlight yellowto dark yellow to orange
to brown, progressive irritability, and sl eepl essness.
bservation of any of these factors nay indicate dehydration
Al'l personnel exposed to cold should be encouraged to drink at
least 32 to 48 ounces (1 to 1.5 liters) of water a day. This
vol ume shoul d be increased with increased workl oads and
severity of cold.

(5) Constipation. This is a syndronme brought on by the
i ndi vidual voluntarily postponing defecation as |ong as possible
to avoid exposure to the cold. Dehydration can also contribute
to constipation. Prevention neasures include drinking plenty of
liquids and regular elimnation of solid body waste.

(6) Snhow Blindness. Snow blindness occurs when the
sun is shining brightly on an expanse of snow, and is caused by
the reflection of ultraviolet rays. It is nore likely to occur
after a fall of snow, and in nbst cases, is caused by
negligence or failure to wear sunglasses. Synptons of snow
bl i ndness are a sensation of grit in the eyes with pain in and
over the eyes nade worse by eyeball novenent, watering
redness, headache, and increased pain on exposure to light. To
prevent snow blindness, personnel should wear sungl asses when
snow bl i ndness conditions exist. First-aid nmeasures consist of
bl i ndf ol di ng or covering the eyes with a danp cloth. The
condition heals in a few days w thout pernanent damage once
unprot ected exposure to sunlight is stopped.

(7) Sunburn. Personnel can be sunburned even when the
tenperature of the air is below freezing. On snow, ice, and
water the sun’s rays reflect fromall directions and angl es.
Sunlight reflected frombright surfaces and fromall directions
can strike personnel where the skin is very sensitive around
the lips, nostrils, and eyelids. Sunburn creamand |ip balm
shoul d be carried and, to prevent sunburn, applied to the parts
of the body exposed to direct or reflected sunlight. Blistered
areas caused by sunburn should be cared for to prevent
i nfection.

b. The incidence and seriousness of cold weather rel ated
injuries can be reduced significantly by anticipating and
preparing for the climatic threat to personnel safety and
effectiveness. Individual confidence and unit norale are
inportant factors in the Marine's ability to adapt to extrene
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weat her conditions. Personnel nust be trained, nmentally and
physically prepared, and properly equi pped for normal and
exceptional weather conditions which may be encountered in an
operational or training area. Strong, effective small unit

| eadership and a high state of discipline and control are
necessary to ensure that individuals performas they have been
trained. Cold injury results fromthe interaction of the

i ndi vi dual, the environnment, and cl ot hing.

(1) The Indi vi dual

(a) Age. There is no indication that within the
age range of mlitary populations there is a wide difference in
susceptibility. The very young are nore resistant and the very
old are nore susceptible.

(b) G ade/Duty Assignment. Trench foot and
frostbite are nore likely to occur in the case of front |ine
ri fl emen and ot her personnel who spend nore tinme in the cold.
These personnel are nore likely to be of the | ower grades.

(c) Previous Cold Injury. A previous cold injury
definitely increases the individual’s risk of subsequent cold
injury, not necessarily involving the part previously injured.
M nor degrees of superficial cold injury, when conpletely
heal ed, do not predi spose to subsequent injury sufficiently to
require restriction of assignnent.

(d) Fatigue. Mental weariness may cause apathy
| eading to neglect of acts vital to survival. Frequent
rotation of individuals fromexposure to extrenme cold for even
short periods | essens the influence of fatigue.

(e) Additional Injury. Injuries which are not
cold related but which result in significant blood | oss or
shock reduce effective blood flowto extremties and predi spose
to cold injury.

(f) Psychosocial Factors. Cold injuries are nore
often associated with passive individuals, or those |ess
physically active. Ohers nmay have adverse reactions to
external stresses, such as cold, which nay inpede their taking
preventive neasures. Still others may perspire excessively,
thereby decreasing the insulating qualities of their clothing.

(g) CGeographic/Racial Origin. Individuals from
warm cl i mates, where the nean m ni mum January tenperature is
above 140 F, appear to be predisposed to cold injury. The
basic factor involved, however, rather than geographic, may be
psychosoci al and educational. It has been established that
bl ack personnel are at a greater risk of cold injury than
Caucasi ans and therefore need to take extra precautions with
hand/ foot care in cold clinmates.
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(h) Nutrition. Starvation or senistarvation
predi sposes to cold injury. Adequately clothed and protected
individuals in cold environments do not require nore than the
normal daily mlitary ration of 3,600 to 4,600 calories. The
i ncreased exercise requirenents inposed by heavy cl ot hing and
equi prent, and the difficulty of novenent in snow covered
terrain can increase caloric requirenments to 7,000 cal ories per
day. For exanple, cross-country skiing can require expenditure
of between 600 to 1,200 calories per hour

(i) Activity. Too great or too little activity
may contribute to cold injury. Over activity can cause | oss of
| arge anounts of body heat by perspiration, which becones
trapped in excess clothing, markedly reducing the clothing’ s
insulation quality. |Immbility causes decreased heat production
and the danger of resultant body cooling, especially of
extremties and pressure areas of the body.

(j) Drugs and Medication. Physicians should advise
their patients of adverse effects on peripheral circulation or
sweat i ng when prescribing drugs and nedications in cold
climates. Morphine is an inportant exanple of a drug with
significant effects on cutaneous circul ation and therefore on
body heat bal ance.

(k) Alcohol. The effects of al cohol on periphera
bl ood fl ow i ncrease body heat loss. |Its inpact on gl ucose
net abolism its suppression of shivering, and its influence on
judgment should preclude its use in cold environnent. The
dangers of hypothermia and frosthite are increased greatly
under its influence.

(I') Duration of Exposure

1 Duration of exposure resulting in
i mrersion foot varies according to the anbient air tenperature
and the tenperature of the water, and, therefore, with season
and latitude. Imersion of the torso and extremties in cold
water, as in the northern latitudes, nay result in tota
physical inmpairment in less than 1 hour. Death may occur
within a few hours at very | ow water tenperatures because of
excess | owering of core tenperature (hypothernia)

2 The average duration of exposure resulting
intrench foot is 3 days in a tenperature range of 320 F to 500
Fwith atin range froma few hours to 14 days.
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3 The average duration of exposure resulting
in frostbite is 10 hours with usual tine range of 1 to 20
hours, but this varies for different types of activity. High
exercise levels require a longer tine to produce risks, whereas
sedentary tasks nmay bring danger in a short tinme. Decrease in
physical activity decreases the tine it takes to produce cold
injury.

(2) The Environnent

(a) Tenperature, hum dity, precipitation, and
wind interact to increase body heat |oss. Low tenperatures and
wind tend to favor frosthite, whereas nonfreezing tenperatures
with noisture favor trench foot and hypotherm a. The w ndchil
charts, enclosures (1) and (2), describe this cooling effect
on bare skin. If noisture is added, rapid body cooling can
occur.

(b) The type of conbat and nmethod of depl oynent are
inportant in producing cold injury. Rear area or standdown
position situations produce few cold injuries. As exposure
increases with conbat, so do the nunbers and seriousness of cold
injury. Long periods of immbility, forced facing into the
w nd, noving a base canp during conbat, inadequate rewarm ng
facilities, and sudden changes in weat her have caused nmj or
out breaks of cold injury.

(3) The dothing

(a) Adequate clothing, properly worn, is
essential to welfare and survival. dothing for cold weather
is designed to be worn as an ensenble for protection of head,
torso, and extremties. Failure to wear the total ensenble
influences cold injury. The ensenble depends on the |ayering
principle to conserve body heat. Loose layers of clothing with
air space between them under an outer wi nd- and water-resistant
garment, provide maximum protection. Learning to adjust these
|l ayers to decrease or increase ventilation is the key to proper
use of clothing. Reference (a) describes basic cold weather
clothing, provides information concerning proper use under
different cold weather conditions, and defines the categories of
cold which affect the use of cold weather clothing. These
categories are:

1 Wet Cold. Wet cold conditions occur near
freezing when tenperature variations cause alternate freezing
and thawing. Cothing should consist of a water-repellent,

W nd-resistant outer |ayer and inner layers with sufficient
insulation to provide protection in noderately cold weat her
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2 Dry Cold. Dry cold conditions occur when
average tenperatures are lower than 140 F. The ground is usually
frozen and snow is usually dry. The effect of wi ndchill, as
i ndicated at enclosures (1) and (2), increases the need for
protection and may require additional insulating |ayers of
cl ot hi ng.

(b) A standard nunber of |ayers of clothing
cannot be prescribed for universal wear in cold weather
Certain basic principles are inportant, including ventilation
of the body, cleanliness and repair of clothing, and avoi dance
of constriction.

(c) I'n cold areas, personnel must be equi pped
with and trained in the use of suitable protective footwear. A
cold/dry clinmate requires nmultiple |ayers of |oose fitting

insulation material with a solid, waterproof outer shell. 1In a
cold/wet environnent, it is advisable to wear water inperneable
overshoes over conbat boots. It is essential to keep feet as

dry as possi bl e.

(d) I'n all types of footgear, feet perspire nore
and are generally less ventilated than other parts of the
body. Misture accunul ates in socks, decreasing their
insulation quality. Special foot and sock care is essenti al
Al'l personnel should carry extra socks. Socks danp from
perspiration should be changed daily and washed whenever the
opportunity permts. Socks can be hung outside the ALICE pack
during a march so that perspiration will freeze and the frost
can be beaten out of the socks.

(e) Sl eeping bags should provide head cover
Wi t hout drawing the face inside the bag. Breathing into the
insulation | ayer reduces the insulation value and will induce
chilling and shivering, |eading to sl eeplessness and fatigue.
The bag should be insulated fromthe ground with a pad, an air
mattress, or boughs.

c. Physical fitness is a mgjor factor in the ability of an
i ndividual to adapt and function effectively in a cold weat her
environment. The human body consunes trenendous amounts of
energy i n maintaining and adjusting body functions such as
tenperature, blood pressure, and oxygen consunption. Physica
conditioning is a deterrent to illness and injury.

d. The inportance of involving nedical personnel in the
initial stages of planning for training exercises or
depl oynents to cold weat her areas cannot be overenphasi zed.
Wi |l e nedi cal considerations should be an essential part of
pl anni ng for any exercise or deploynent, the nedical
inplications of cold weat her operations are such that early and
thorough planning is even nore vital. It may literally be a
matter of |life or death.
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e. The list of films and publications |ocated at encl osure
(3) is not all inclusive but is provided to assist conmanders
towards the goal of preparing for cold weather operations and
preventing cold weather injuries.

5. Action. Commanders preparing for operations or training in
a cold weather environnent wll:

a. Ensure adequate predeploynent training, to include
nmedi cal and snmall unit | eadership aspects of cold weather
oper ati ons.

b. Coordinate with host commands to ensure that unit
predepl oynent training fulfills host comand requirenents.

c. Place required enphasis on physical fitness to develop a
hi gher | evel of resistance to cold injury and ill ness.

d. Ensure that nedical support personnel are included in
all phases of planning and preparation for cold weat her
oper ati ons.

e. Establish an effective clothing supply programthat
provides for daily needs of the farthest forward conbat
personnel .

f. Establish and nmaintain a high level of foot and
clothing discipline for individuals and units.

g. Establish a policy under which individuals and units
exposed to cold are rotated into a protected environnment
according to the degree of exposure and within the linmts of
the cold injury incubation period. Only the npost critica
conbat situations should be permtted to interfere with the
practice of rotation.

h. Establish effective provisions in the forward area for
evacuation and/or treatnment of personnel suffering fromcold
trauna.

6. Reserve Applicability. This Oder is applicable to the
Mari ne Corps Reserve

F. SISLE
Deputy Chief of Staff
for Training

DI STRIBUTI ON: A | ess 7352007, 019, 040, 049/7801010/ 8180016,
026

Copy to: 8145001
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W NDCHI LL CHART FAHRENHEI T SCALE

1. Figure 1 of this enclosure shows only the cooling power of
wi nd on exposed flesh, giving the equival ent tenperature (under
cal mconditions) as conpared to that which would be experienced
under calmconditions at the lower tenperature. No matter how
great the wind velocity, exposed flesh will not freeze as | ong
as the tenmperature of the skin remains above freezing. This
statenment applies only to dry skin, since npoisture introduces
the added factor of cooling by evaporation

2. The human body is continually produci ng and | osing heat.
W nd increases the | oss of heat by reducing the thin layer of
warmair next to the skin. This |loss increases as the w nd
speed increases. Wen the tenperature of the air is bel ow
freezing and the wind is such that it renoves the heat faster

than the body can replace it, frostbite may occur. Thus,
decreasing the anbient air tenperature or increasing the w nd
speed act to increase the danger of frostbite. The conbined
effect of wind and tenperature is expressed in figure 1 of this

encl osure as an equival ent tenperature. This denotes the
effective tenperature acting upon exposed fl esh

3. Any novenent of air past the body has the same cooling
effect as wind. This nay be produced by wal ki ng, running,
skiing, or riding in open vehicles. The speed of novenent nust
be considered, in addition to natural w nd, when using figure 1
of this enclosure.

4. It is enphasized that figure 1 of this enclosure is of
value only in predicting frostbite to exposed flesh. Any

clothing or material which stops or reduces the wind will give

a degree of protection to the covered area. No attenpt should

be nade to estimate this protection in the use of the chart.

Wet clothing or boots have little insulation value and result
in heat loss nearly equal to that of exposed flesh

5. To use figure 1 of this enclosure, find the estinmated or
actual wind speed in the left-hand colum and the actual
tenperature in degrees Fahrenheit in the top row. The

equi val ent tenperature is found where these two intersect. The

description bel ow the colum indicates the conparative danger

of exposed flesh under these conditions. For exanple, at a
tenperature of -100 F under calmconditions, rate of heat

| oss from exposed flesh is that of the anbient tenperature,

that is, -100 F, and the danger of frostbhite to a properly

clothed person is slight. |If the wind increase to only 20

mles per hour, or if the person is riding in an open vehicle

which is being drive at 20 niles per hour, the rate of heat
| oss of exposed flesh increases to that which would be
experienced at an anbient tenperature of -530 F. This lies
within the zone of increasing danger of frostbite, indicating
that protective nmeasures nust be taken. For figures
internediate to those shown, use interpolation

ENCLOSURE (1)
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W NDCHI LL CHART CENTI GRADE SCALE

1. Figure 1 of this enclosure shows only the cooling power of
wi nd on exposed flesh, giving the equival ent tenperature (under
cal mconditions) as conpared to that which would be experienced
under calmconditions at the lower tenperature. No matter how
great the wind velocity, exposed flesh will not freeze as
long as the tenperature of the skin remains above freezing.
This statenent applies only to dry skin, since npisture
i ntroduce the added factor of cooling by evaporation

2. The human body is continually produci ng and | osing heat.
W nd increases the | oss of heat by reducing the thin layer of
warmair next to the skin. This |loss increases as the w nd
speed increases. Wen the tenperature of the air is bel ow
freezing and the wind is such that it renoves the heat faster
than the body can replace it, frostbite may occur. Thus,
decreasing the anbient air tenperature or increasing the w nd
speed act to increase the danger of frostbite. The conbined
effect of wind and tenperature is expressed in figure 1 of this
encl osure as an equival ent tenperature. This denotes the
effective tenperature acting upon exposed fl esh

3. Any novenent of air past the body has the same cooling

effect as wind. This nay be produced by wal ki ng, running,

skiing, or riding in open vehicles. The speed of novenent nust

be considered, in addition to natural w nd, when using figure 1
of this enclosure.

4. It is enphasized that figure 1 of this enclosure is of
value only in predicting frostbhite to exposed fl esh. Any

clothing or material which stops or reduces the wind will give

a degree of protection to the covered area. No attenpt should

be nade to estimate this protection in the use of the chart.

Wet clothing or boots have little insulating value and result
in heat loss nearly equal to that of exposed flesh

5. To use figure 1 of this enclosure, find the estinmated or
actual wind speed in the left-hand colum and the actual
tenperature in degrees centigrade in the top row. The

equi val ent tenperature is found where these two intersect. The

description bel ow the colum indicates the conparative danger

of exposed flesh under these conditions. For exanple, at a

tenperature of -250 C, under cal mconditions, rate of heat |oss

from exposed flesh is that of the anbient tenperature, that is

-250 C, and the danger of frosthite to a properly clothed

person is slight. |If the wind increase to only 20 kil oneters

per hour, or if the person is riding in an open vehicle which
is being driven at 20 kiloneters per hour, the rate of heat

| oss of exposed flesh increases to that which would be
experienced at an anbient tenperature of -420 C. This lies

wi thin the zone of increasing danger of frostbite,

indicating that protective nmeasures nust be taken. For figures

internediate to those shown, use interpolation

ENCLOSURE ( 2)
1
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WINDCHILL CHART

Cooling Power of Wind on Exposed Flesh Expressed as an Equivalent
Temperature (under calm conditions)

Estimated ACTUAL THERMOMETER READING ( °F)
Windspeed
MPH 50 40 30 20 10 0o -10 -20 -30 ~-40 -50 -60

EQUIVALENT CHILL TEMPERATURE ( °F)

Calm 50 40 30 20 10 0 -10 _-20{-30 -40 -50 -60
5 48 37 27 16 6 -5 -15 -36 -47 =57 -68

10 40 28 16 4 —9 -21 [ -33 -46 -58 -701]-83 -95
15 36 22 9 -5 -18}-36 -45 -85 -99 -112
20 32 18 4 -10[-25 -39 -53 -96 -110 -124
25 30 16 0 -15|-29 -44 -59[-74 -88 -104 -118 -133
30 28 13 -2 -18|-33 -48 -63} -79 -94 -109 -125 -140
35 27 11 -4 -201|-35 -49 -67 )| -82 -98 -113 -129 -145
40 26 10 -6 -21]-37 -53 =-69| -85 -100 -116 -132 -148
Little Danger Increasing Danger Great Danger
In less than Danger from freezing Flesh may

5 hours with dry of exposed flesh freeze within
skin. Maximum within 1 minute. 30 seconds.

danger from
false sense
of security.

* Wind greater than 40 MPH has little additicnal effect.

Figure 1
ENCLOSURE (1)
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LI ST OF FI LM5 AND PUBLI CATI ONS

1. FEilns

a. Prevention of Cold Injuries, US. Arny TFB-4879.
b. Cold Can Kill, A-2467, British Mnistry of Defense.
c. Northern Flank, D 023, NATO

2. Publications

a. FMFM 8-1, Special Operations.

b. FM 31-70, Basic Cold Wat her Manual .

c. FM31-71, Northern Operations.

d. FM90-6, Muwuntain Operations.

e. MB, Canp Pendl eton Base Order 5400.18, Instructions
and Procedures for the use of the Marine Corps Muntain Warfare

Trai ni ng Center (MCMATC).

f. Handbook on Desert Environment and Survival, Marine
Cor ps Base, Twentyni ne Palns, California.

g. TC 21-3, Departnent of the Arny, Sol diers Handbook for
I ndi vi dual Operations and Survival in Cold Wather Areas.

h. NAVMED P-5052-29, Cold Injury.
i. Arctic Mbility Study, VTU 12-50, USMCR, June 1976.

j.  MCO 3501.10, Marine Corps Conbat Readi ness Eval uati on
System Vol | X, Special Operations.

k. FM 9-207, Operations and M ntenance of O dnance
Material in Cold Wather (0 to -65 F).

|. The Polar Manual by E. E. HEDBLOM

m TC 21-3, Sol di ers Handbook for Individual Operations
and Survival in Cold Wather Areas.

n. TC 90-11-1, Mlitary Skiing.
0. OH 5-3.1, Cold Weat her Helicopter Operations.

p. OH 8-5, Cold Weather Operational Handbook.

ENCLOSURE ( 3)



