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CHAPTER 1
GENERAL CONSIDERATIONS

Section I. INTRODUCTION

1. Purpose and Scope

This manual ia designed to guide the infantry battle group com-
mander, his staff, and subordinate leaders in mountain operations,
It i3 designed also as a guide for commanders of supporting units
and for staff officers of higher headquarters whose duty it may
be to submit recommendations on the employment of units in
mountain warfare. It covers the miassion and employment of the
infantry battle group and supporting arms as well as specialized
technique and training required for combat in mountainous ter-
rain. The material presented herein is applicable without modi-
fication to both nuelear and non-nuelear warfare.

2. Organization

The organization of the infuntry and airborne infantry division
18 suitable for operations in mountain terrain. Only minor modifi-
cations will be required to fit a specific situation. These usually
take the form of additional emphasis on resupply and movement of
small units by army. aireraft and elimination of vehicles and
weapons not suitable to the terrain. In alpine terrain, apecialized
technieal training and the use of special clothing and equipment
will be required for operatlions,

3. Command

Decentralization of command is characteristic of mountain
operations. Combat troops, equipment, and service elements
located in a terrain compurtment are usually placed under a
single command thereby adding to the responsibilities of subordi-
tate unit commanders. All commanders must possess resourcefnl-
ness and initiative. Combat in mountains demands great detail in
planning and preparation.

4. Tactics

The same tactical principles govern warfare in mountainous
terrain as on any other terrain.
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a. In rugged mountains there are definite limits to the employ-
ment of large forces. Deployment is greatly hindered and re-
stricted. Often adjacent unitz cannot provide mutual support,
Rapid employment and shifting of reserves are diflicult in the
more restricted positions. Small units have many ocecasions for
sudden and bold aclion. Opportunities to deceive the enemy are
many.

. Small forces can prevent, impede, harass, or canalize the
movement of the main enemy force 3o that when the decisive battle
takes place enemy troop strength ig dissipated and he is compelled
to fight under unfavorable conditions.

¢. Troops must be prepared to advance over narrow and twist-
ing roads and paths, trackless terrain, steep and slippery slopes,
ravines, and precipices,

d. The tank usually plays a minor role in mountain warfare.
The employment of heavy infantry weapons and field artillery ia
hampered by their bulk and weight, by the considerable dead space
in their fields of fire, and by the diflicullies of observalion due to
bad weather and intervening terrain features. It is the infantry,
above all, that must bear the brunt of the battle. The importance

of close combat increases as the efliciency of other methods of fight-
ing decreases,

e. The foeal points of mountain combat are the heights. Gun
emplacements and observation posts on commanding heights

can (ominate the foreground. Advances where poasible are made
along ridges.

f. Both friendly and enemy forces can be expecled to use nu-
clear weapons in mountain combat. Rapid exploitation of these
weapaons, by ground elements, ir diflicult due to the rugged terrain.
Surface or subsurface bursts may be employed by the attacker or
defender to disrupt or destroy the usefulness of the few lines
of communieation that exist. Surface-to-air missile units will
provide a defensive capability against enemy nuclear delivery
means, Air defense artillery units equipped with the NIKE-
HERCULES system also furnish a surface nuclear capability, in
addition to their primary air defense role,

5. Logistics

a. Logistienl considetations are greatly affected in mountain
operations. Time and space factors are never fixed, but vary con-
stantly with the configuration of the terrain, the altitude, the
scarcity of roads, the season. In general, a comparatively great
amount of time must be allowed for the movement of troops and
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supplies. Distance is measured in time rather than miles. Vertical
distance between points is often greater than the horizontal
distance, '

b. The commanding officer must issue orders, fragmentary
if necessary, to his subordinates early in the operation because
of the time needed for movement of troops and supplies along
the amall number of ateep and diflicult routes, and because of the
difficulties in bringing troops into position, in modifying their
poaitions and in organizing supply functions.

Section Il. TERRAIN

6.  General

Mountaina are generally defined as land forms higher ihan
1,600 or 2,000 feet characterized by steep slopes. Slopes are com-
monly 4 to 30 degrees and locally, in cliffs and precipices, may be
vertical or even overhanging. Mountains may consist of an iso-
lated peak, single ridges or complex ranges extending for a thou-
sand miles or more like the Rocky Mountains, Most of the terrain
ig an obatruction to movement; and mountains favor the defense.
History records many cases in which forces inferior in numbers

and equipment have held off superior attackers in mountainous
ATeas. ' '

7. Roads and Trails

Existing roads and trails offer the easiest routes in the moun-
taina. Most follow valleys between ridges, crossing ridges and
divides by passes such as water gaps, wind fgaps, cols and, rarely,
calderas. Detailed maps such as topographic quandrangles show
roads and many of the trails. Terrain intelligence, pholo interpre-
tation, local residents, and other sources may supply additional
information, '

8. ﬁmﬁs-ﬂnunlrf Movement

Where there are no roads or trails it is particularly important to
have full knowledge of terrain to determine the most feasible
routes for cross-country movement, Intelligence reports may be
available which show terrain features that may affect movement.
When planning mountain operations it may be necessary to usc
additional information on size, location and characteristics of

land forms and drainage, nature and types of rock and soil, and
amount and distribution of vegetation.

?. Concealment, Cover and Ohservation

Irregular mountain topography provides numerous favorahle
places for concealment and cover. Digring of foxholes und Lempo-
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rary fortifications iz generally diflicult -hecause goils are thin
or atony and bedrock jia commonly hard. Some rock types, however,
such a8 volcanic tuff are readily execavated. In other areas,
abundant boulders and other Joose rocks can be used for the
conatruction of hasty fortifications like those used by German
iroops in the defense of MY, Cassino in Italy, Observation in moun-
.tains is variable. Posts on ridges and peaks may provide broad
areas of observation particularly above the timber line.

Section I}, CLIMATE
1Q. General

Mountain climate haz a very definite effect on the physiology
and pathelogy of the individual because the human organism is
sensitive to weather changes and differing climmates,

11. Mounlain Air

@, Mountain airv {s rvelatively pure. The higher one poes, the
more nearly pure it becomes, Above 5,000 feet it is practically
germ-free. The physical composition of the atmospheric air is
practically the same at high altitudes ag it (3 at sea fevel, The
rarefaction of air at high altitudes is due to the decreased partial
pressure of the atmoapheric oxygen, The utilization of oxygen
by the body is dependent upon the pressure under which it is
forced into the tissues. Forests, especially those with coniferous
trees, lessen the percentage of carbon dioxide, and thus do their
part in purifying the air. The snow completes this purification by
drawing out of the air, and holding, all the impurities which might
gtill be able to contaminate the air.

&. High mountain air is dry, especially in the winter when the
humidity in the air condenses into ice, This dryness increases with
altitude. The amount of water vapor in the air decreases in geo-
metric proportion aa the altitude increases,

£, Atmospherie pressure drops as the altitude increases. The
pressure varies, on the average, about %4 inch .of mercury for
every 330 feet rise,

d. The temperature drops as the air becomes more rarefied.
In an atmoaphere containing a considerable amount of water
vapor, temperature drops about 1° F., for every 860 feet rise in
altitude. In very dry air it drops about 1° F., for every 180 feet.

e. An important characteristic of the atmosphere at high alti-
tudes ia its luminosity, The saun’s rays are either aligorbed or re-
flecled by the almuspheric haze which g the air above low
country, especially over cities, The rare dry air of the higher
altitudes allows all the visible rays of the solar spectrum to pass
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in their entirety. However only a fraction of the solar invisible
rays can peneirate the atmospheric haze, In pure atmosphere,

the proportion of ultraviolet rays remains constant, regardless
of the altitude,

Section IV, WEATHER
12. Importance

«. Monntain weather ean be either a dangerous obstacle to
operation or a valuable aid, according to how well it is understood
and to what extent advantapre is taken of its peculiar characteris-
Ltics. Trained men who are well clothed, equipped, and supplied may
often convert such weather into an ally rather than an enemy.

b, Weather often determines the success or failure of the mis-
sion. Mountain weather is highly changeable. Military plans
arranged in advance of an operation must be flexible. Every
effort must be made to anticipate the weather, and also to allow
suflicient latitude in the time schedule so that the leaders of sub-
ordinate units ean use their initiative in turning the highly impor-
tant weatlher factor in their favor. The clouds that frequently
cover the tops of mountains, and the fogs that cover valleys offer
an excellent means of concealing movements which normally would
huve to be made under cover of darkness or smoke. Mud can be
overcome by diligent pioneering and intlelligent use of equipment.
The harmful effects of cold can be prevented in lurge measure by
the use of proper clothing and the conditioning of personnel.
Advantage must be taken of every clear minute to do the things
that cannot be done when observation is ohsenred,

¢. The safety or danger of almost all high mountain regions,
especially in winter, depends upon a change of a few degrees of
temperature above or below the freezing point. The comfort and
health of men are affected. Ease and speed of travel are largely
dependent on weather. Terrain that can be erossed swiftly and
safely one duy may hecome impassable or highly dangerous the
next bhecause of snowfall, rainfull, or a rise in temperature, The
reverse can huppen just as quickly. The prevalence of avalanches
depends mostly on weather factors.

13. General Characteristics

Monntain weather is erratic. Hurricane winds and pgentle
breezes may be found a few paces apart., The weather in expose
places contrasts sharply with the weather in sheltered areas.
Weather changres in a single day ean be 8o variable that in the
same localily one may experience hot sun and ccol shade, ¢hill
wind and calm, gusts of rain or snow, and then perhaps intense
sunlight again. This variability results from the life cyele of a
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local storm or from the movement of traveling storms, In addition,
the efTects of storms are modified by the following local influences:

a. Yarinlion in altitude,

h. Differences in exposure to the sun and to prevailing winds.

e. Distortion of storm movements and the normal winds by ir-
~regular mountain topography. These local inflluences dominale
summer gtorma, During summer the weather fluctuations are at a
maximum, although they are less severe than winter changes.

14. Temperature

. Temperature Inversion. Normally, a temperature fall of
from 3° F. to 6° F. per thousand feet gain in altitude will be en-
countered, Frequently, on cold, clear, ealm mornings when a troop
movement or climb is started from a valley, higher temperatures
may be encountered as altitude is gained. This reversal of the
normal situation is called “temperature inversion.” This condi-
tion oceura because much of the heat of the earth’s surface has
been lost during the night through back radiation and the morning
sun will strike and warm the higher (and easterly-side} slopes
earlier than it does the valleys (and westerly-side) slopes. This
inversion condition continues until the sun warmsa the surface
of the earth and a lapse condition occurs.

I, Solar Heating, At high altitudes, aolar heating is responsible
for the greateat temperature contrasta. More sunshine and solar
heat are received abiove than below the clouda. The important
elfect of altitude is that the sun's rays pass through less nf the
atmoaphere and more direct heat is received than at lower levels
where solnr rodinlion is ahsorbed ndd reflected by dust and waler
vapor. There muy be dillerences of 40° F. to 60° ¥, between the
temperature in the sun and that in the shade. Special care must
be taken to avoid sunburn and snow blindness which result from
the combined action of intense sunlight and the reflected rays
from snow fields or clouds. Besides permitting rapid heating,
the clear air at high altitwlea also favoras rapid cooling at night.
Consequently the temperature rises fast after sunrise and drops
quickly after sunset. Much of the chilled air drains downward,
g0 that the differences between day and night temperatures nre
grenter in valleya than on slopea,

15. Cloudiness and Precipitation

a. Cloudiness and precipitation increase with height until a
zone of maximum precipitation is reached; above this zone they
decrense, Maximum cloudiness and precipitation ccecur near 6,000
feet elevation in middle latiludes and at lower levels as the poles

are approached. Usually a dense forest marks the zone of maxi-
mum rainfall,
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b. Slopes fucing the prevailing wind are cloudier, foggier, and
receive heavier precipitation thun those to the lee of the wind,
eapecially when large bodiea of water lie to the windward. How-
ever, at night and in winter, valleya are likely to be c¢older and
foggier than higher slopes. Heads of valleys often have more
clouds and precipitation than adjucent ridges and the valley floor,

16, Wind

a@. In high mountaina the ridges and passes are seldom calm;
however, strong winds in protected valleys are rare. Normally,
wind veloeity increases with altitude, since the earth’s friclional
drag is stronprest near the ground, and this effect is accentuated by
mountuinous terrain, Winda are accelerated when they are force
over ridges and peaks or when they converge through mountain
passes and eanyons. Because of these funnelling effects, the wind
may blast with great force on an exposed mountainside or summit,
In most cases, the loeal wind direclion is controlled by topog-
raphy.

5. The force exerted by wind quadruples each time the winid
apeed doubles; that is, wind blowing at 40 miles per hour pushes
four times harder than does u 20-mile-per-hour wind, With in-
creasging wind strength, pusts become more important, and may
be 5O percent higher than the average wind velocity. When wind
strength increasea to the hurricane speed of 80 miles per hour,
men should hug the ground during gusts and push ahead in lulls,
If a hurricane wind blows where there is sand or snow, idense
clouds fill the air, and rocky debris or chunks of snow crust are
hurled along near the surface.

¢. In general, the velocity of the winds accompanying local
atorms is leas than that of winds with traveling storms. There are
two winda which result from the daily cyele of solar heating. Dur-
ing calm, clear days in valleys subject to intense solar radiation,
the heated air rises and flows gently up the valleys. Thia wind is
called a “valley’” or “up-valley” breeze, On clear nights the moun-
tainsides losze heat rapidly and cool the surrounding air which
settles downslope to produce the “mountain” or “down-valley”
brecze. The down-valley bLreeze, by pouring cold air into a valley,
is responsible for temperature inversions, in which temperature
inereages with altitude, contrary to normal conditions.

17. Thunderstorms

. Although thunderstorms are loeal in nature and usuvally of
short duration, they can be handicaps to operations in the moun-
taing. In the alpine zone above timberline, thundersiorms may be
accompanied by driving snow and sudden squally winds, Ridges
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and peaks become focal points of concentrated electrical activity
which are highly dangerous.

h. Purely local thunderstorms develop from rising air columns
resulting from the intense heating by the sun of a relatively small
area. They occur most frequently in the middle or late afternoon,
Seattered fair weather clouds of the cumulus type often appear
" harmless, but when they continue to grow larger and reach a ver-
tical depth of several thousand feet, they may turn into thunder-
atorms on very ahort notiee.

¢, Thunderstorms oecurring at night or in the aarly morning
are associated with major changes in the weather situation,
which often result in n long period of foul weather Lefore clearing
on the high summits, Thunderstorms occurring at these times may
also be part of a “line storm” and if so, are followed by a prolonged
period of cool dry weather.

18. Fog

On windward slopes, persistent fog, as well ag cloudiness and
precipitation, frequently continue for days, and are eaused pri-
marily by the local barrier effect of the mountain on prevailing
winds. Any cloud bank appears as a fog from within. Fog limits
visibility which, in turn, hampers operations by increasing the”
possibility of accidents. It also facilitates aurprise attacks, If fog
is accompanied by precipitation, additional clothing will be needed
for protection against the uncomfortable combination of cold and
wetness. When traveling without landmarks, it will be Necessary
to use a compass and a map to maintain Qdirection.

19. Traveling Storms

@. The most severe weather conditions, storms involving strong
winds and heavy precipitation, are the result of widespread
atmospheric disturbances which generally travel in an easterly
direction. If a traveling storm is encountered in the alpine zone
during winter, all of the equipment and skill of the soldier will be
pitted against low temperatures, high winds and blinding snow,

B, Traveling storms result from the interaction of cold and
warm air, Although the heart of the storm is a moving low pres-
aure area, the “warm front,” which marks the advancing thruat
of warm air, and the "cold front” of onrushing cold air are more
important features than the center itself, from which they radiate.

¢. The sequence of weather events with the approach and pass-
ing of a Lraveling storm depends on the stale of the atorm’a
developmenl, and whellier the loeation of its path is Lo the north
or south of a given mountain area. Generally, scattered cirrus
clouds merge into a continuous sheet which thickens and lowers
gradually until it becomes altostratus, At high levels, this cloud
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layer appears to settle, Lower down, a stratus deck may form over-
head. A storm passing to the norili may bring warm temperatures
with southerly winds and partial clearing for a while, before
colder air with thunder showers or squally conditions moves in
from the northwest. However local cloudiness often obscures
frontal passages in the mountains, The storm may go so far to
the norih that only the eold front phenomena of heavy elouds,
squallys, thunder showers, and colder wealher are experienced.
The sume storm passing to the south would be accompanied by a
gradual wind shift from northeasterly te northwesterly, with a
steady temperature fall and continuous precipitation. After colder
weather moves in, the elearing at high altitudes is usually slower
than the omnset of cloudiness, and stormy conditions may last
several days longer than in the lowlands,

d. (Glaze in 8 form of precipitution deposited only under the
special conditions found in traveling storms. When light rain or
drizzle falls through air below 32° F., and strikes a surface that
also is below 32° I, it freezes to the surface in the form of plaze,
Glaze usually forms near the warm front of a storm and only
perists if colder weather follows.

20. Weather Forecasting

. The use of the portable aneroid barometer, thermometer,
and hygrometer can be of great assistance in making local weuthoer
forecasts. Reports from other localilies and from the weather
service of the Air Force are also of great value,

i, In order to be utilized to its fullest extent, the resulting fore-
cast must ret down to the small unit leaders who are expected
to muke use of weather favorable for specific missions,

21. Bad Weather

Most of the bad weather experienced in mountain regions is a
resnlt of—

a, Local storms in the form of thunderstorms, with or without
showers.

I, Traveling storms which may be accompanied by radical and
severe weather changes, over a hroad arvean. Usually, each type
nf atorm may be identified by the clouds associated with it.

¢, Seunsonal moisture-bearing winds of the monsoon type which
brings consistently bad weather to some mountain ranges for
weeks at a time.

22. Cloud Types

It is poasible to differentiate between loeal and traveling atorms,
and estimate their probably occurreiice, hy recognition of the
following eloud types:
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i, Cirrua clouds are composed of ice erystals and occur 4 to 7
miles high, They may bo detnched white clouds with fibrous strue-
Luve, or they may be extensive thin veils,

h. Altostratus clouds are dark clouds that form a continuous
unilorm sheet ai elevations of 8,000 to 16,000 feet. They may cover
Lhe sky completely and develop from the descending and thicken-
ing cirrus or the merging of high cumulus types,

¢. Cumulus clowda resemble greal patches of cotton or giant
heads of cauliflower and form at any height from 1,600 to 7,000
feet. Their bases nre lat, but their tops vary in size and height.
Cumulus clouds are brilliant white in direct sunlight, but dark
on the shaded side. Altocumulus clouds are similar in form, hut
smaller, and appear in uniform layer or cloud deck at 8000 to
16,000 feet. :

d. Cumulonimbus (thunderheadr) are overgrown and darkened
cumulus clouds that are yielding, or are likely to yield precipi-
tation. A single cumulonimbus cloud mass may extend from a
base at 14 mile elevation to a height of 6 or 7 miles,

e. Stratus clouds are gimilar to altostratus, but much lower.
They may develop from a fog layer in which the bottom portion
has evaporated, or where vwpslope winds are blowing, Often they
are aasociated with moisture precipitation and usually are seen
below 3,000 feet, except where they are forced up over a mountain
or lie in high valleys.

23. Weather Predictions

Each of the cloud typea charncterizes one or several phases
in n given wealher aituation. The following nre the moat common
weather indieations, although they are not always applicable. An
individual remaining in one mountain region for several weeks in
any season can add indieations for that aren based on his own
experience with local weather changes.

a. Traveling Storms. The approach of a traveling storm is in-
dicated when: .

(1) A thin veil of cirrus spreads over the sky, thickening
and lowering until altostratus clouds are formed (fig. 1).
The same trend ja shown at night when a halo forms
around the moon and then darkens until only the glow
of the moon is visible. When there is no moon, cirrus
only dims the stars while altostratus hides them com-
pletely.

(2) (a) Low clouds which have been persiatent on lower

slopes hegin to rise at the time upper clouds appear.
(b) Confused lavers of clouds move in at different
heights and become more abundant (fig. 2).
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Figure 1. Cirrus clowds,

(3) Lens-ghaped clouds accompanying strong winds lose Ltheir
gtreamlined shape and other cloud types appear in in-
creasing amounts. '

{4) A change in the direction of the wind is accompanied by
a rapid rise in temperature not caused by solar radiation.
This may also indicate a warm, damp period.

(5) An inlense green sky i3 obaerved shortly after sunrise
in mountain regions above timberline.

Figure 2. Coufuged luyers of clowds.
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h. Local IMsturbances. Indications of loeal thunderstormas,
showers, or squally wenather are—

(1) An increase in size and rapid thickening of seattered
cumulus clouds during the afterncon (fig. 3).

Figure 3. Thickening of scattered cnumninas,

(2} The approach of a line of large cumulus or cumulonimbus
clouds with an advance guard of altocumulus. At night,
increasing lightning to windward of the prevailing wind
gives the same warning.

(3) Massive cumulus clouds hanging over a ridge or summit
both at night or in the daytime.

c. Strong Winds. Indications from strong winds seen at a dis-
tance may be:

(1) Plumes of blowing snow from the crests of ridges and
peaks or ragged shreds of cloud moving rapidly (fig. 4).

(2) Persistent lens-shaped clouds, or a band of clouds, over
high peaks and ridges or downwind from them.

(3) A turbulent and ragged banner eloud which hangs in the
lee of a peak.
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Fignve 4. Pluwes of blowing snow.

d. Fair Weather. I"air weather may be associated with—

(1)

(2)

ALY 1006 I

A cloudless sky and shallow fog or layers of smoke or
haze at valley bottoms in early morning; or from a
vantage point of high elevation, a cloudless sky that is
quite blue down to the horizon or down to where a level
haze layer forms a secondary horizon.

Conditions under which small cumulus clouds appearing
in the forenoon do not increase, but decrease or vanish,
during the day (fig. 5).

L]

Figure 5. Small ciemelus clonds.
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(3} Clear skies, except for a low cloud deck which does not
rise or thicken during the day (fig. 6).

Fignre §. A low clond deck.

e, Dwring Precipifation. When there is precipitation and the sky
cannolt be seen—

(1) Very small snowflakes, ice erystals, or drizzle indicate
that the clouds above are thin and there is fair weather
at high altitudes, '

(2) A steady fall of snowilakes or raindrops indicates Lhat

the precipitation has begun at high levels and that bad
wenlher is likely Lo bhe encountered on ridges and peaka.

Section V. CONDITIONING AND ACCLIMATIZATION

24, Necessilty for Conditioning and Acclimatization

. The training of soldiers in mountains of low or medium ele-
vation does not require all of the apecial conditioning and acclima-
tization procedures discussed here. Altitude sickness and other
problems restricted to higher altitudes are extremely rare below
8,000 feet.

r. There is a need, however, for a period of 10 to 14 davs devoted
to conditioning and acclimatization for troops to be trained in
altitudes over B,000 feet, After a week or two at high altitude, the
soldier will find that he is less exhausted, he sleeps better, and his
appetite is normal. e will soon find that life in the mountains is
definitely exhilarating. The essential reason for this change is
that the red cells in his blood have increased in number, enabling
more oxygen to be carried from the lungs to the tissues of the
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hody, During this period of acclimatization, the training program
should provide for graduated physical exercizses of various {ypes
including marches, In high mountains it is generully found that
the air is dry and as a result perspiration is more quickly evapor-
ated. This tenda to mislead a person into thinking that he is not
perapiring freely due to the faet that his clothes are lesa fre-
ruently moist even following strenuons exertion, This loss of body
sult und lluid through perspiration soon leads to acule fatigue,
This fatigue is recognized by muscle cramps and other symptoms
normally identified with heat exhaustion., Treatment for this
futigue is simply replacement of salt and water which has Leen lost,

25. Psychological Adjustment

The psychological adjustment of the individual must be con-
gidered. Many persons who have lived in lower altitudes all their
lives may have preconceived notions about the supposedly harmful
¢ffects of high altitude on the human organism. To them any illness
however trivial may he construed as an ill effect of allitude which
may cause them Lo become unduly concerned about their physical
condition. This cun be prevenied by educational programs in which
it is shown thal high altitudes do not have these supposedly harm-
ful effects. Many men who have lived on lat terrain have diffienlty
when Faced with the problem of learning to negotinte steep slopes
or ¢liffs, They will develop a sense of insecurily and fear. These
men must be slowly introduced Lo these new Lerrain fealures and
encouraped Lo progressively develop Lhieir eonfidence untlil they can
negotinte o pussage ueross such obstacles wilth assurance and ease.
Men must be taught the warious climbing techniques used, be
indoctrinated with the principles of mountain marching, These
capabilities are nitained only through constant tyaining and uppli-
eation. There are many individuals who possess feur of height in
varyving degrevs: many of these individuals may overcome this
fenr by familiarizing themselves wilh the problems through
practice, The individual cannot be forced to disregard this fear.

26. Physical Conditioning

Regardless of previous Army training and the amount of flat
cross-country marching praclice, the soldier newly initinted into
the mountaing (inds mountain marching arduous oul Liring, New
muscles are brought into play und these muscles musat be developed
and hardened. Furthermore, u new technique of rhythmic move-
ment must he learned. This eonditioning is attained only through
duily marches and elimbs which result in increased stamina and
endurance. Simultaneously with this development men acquire
increasing eonfidence and better ability to safely negotiate terrain
which 1hey had previously considered impassable,
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27. Personal Hygiene

The principles of personal hygiene and sanitation that govern
the operations of troops over more normal terrain are also appli-
cable in the mountaing. The same strict adherence to the policies
prescribed in FM 21-10 must be enforced to inaure the main-
. tenance of the health of the troonps,

28. Waler Supply

TI"here ia n false concept held by many that mountain water is
safe for consumption. This indicates the need for additional em-
phasis on training in water discipline to insure that the soldier
drinks only water from approved sources, (See FM 21-10 for
methoda of purifying water.) Fluids lost through respiration,
perspiration, and urination must be replaced if the soldier is to
opernte with nortnal efliciency. Necessary emphasis must be placed
on each of the three rules of water discipline. The three rules are—

&¢. Drink only treated water from approved sources, Untreated
water may be contaminated,

b. Conserve water,
¢. Do not contaminate or pollute water sources.

29. Personal Habits

a. Personal cleanliness is especially important in extreme cald.
In freezing temperatures, the individual has a tendency 1o neglect
washing due both to the cold and the scarcity of water. This may
result in gkin infections and vermin infestation, If bathing is
impossible for any extended length of time, the soldier should at
least examine his skin and stimulate and cleanse it as much as
possible by briskly rubbing his body with a rough towel. This
practice will help reduce the possibility of akin infection and will
alao make the Individual feel better in general.

&. Particular attention must be devoted to the care of the feet
to afTord protection agninat eold injuries. The causative fnctors
for these injurles are present throughout the entire year in high
mountaing, The feet should be kept dry and socka changed at
least once daily. The principles of foot hygiene apply with greater
force in high mountaing than they normally do in any other
terrain. .

¢. Under conditions of extreme cold, there is a general tendency
for the individual soldier to permit himself to become constipated.
This condition is brought about by the desire to avoid the incon-
venience and discomfort of relieving himaelf. Since maintenance
of the henlth of the troops is Ao command function, all commanders,
oflicers and noncommissioned oflicers should encourage the troops
to maintain all normal personal habits of hygiene; the soldler
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muat be educated concerning the eonsequences of neglecting his
personal hygiene habits.

30. Waste Disposal

. For mesethods which should be used under conditions of snaew
and extreme cold, see FM 31-70,

31. Mouniain Sickness

Mountain or altitude sickness is am acule femporary illness
which may occur In mountains, The novice and experienced
climber alike are subject to thiz malady in altitudes as low as
8,000 feet, The cause is usually poor physical condition, lack of
acclimatization, or both. Symploms may be headache, nausea,
vomiting, lacking of appetite, insomnia, and irritability. This
condition can tsually be relieved by rest. In rare cases the patient
must be taken to a lower altitude.

32. Valley Sickness

Valley sickness may occur when an individual who ia aeclima-
tized to high altitude returns to a low altitude. It 13 a rare
temporary condition.
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CHAPTER 2
OPERATIONS

Section I. GENERAL

33. Terrain and Weather

@, Mounlainous terrain is usually characterized by one or more
of the following: exaggerated terrain features, heavy woods or
Jungle, rocky erags and glaciated peaks, compartmentation, routes
of communication which are limited in extent and of poor quality,
extreme weather conditions, or high altitudes. For terrain evalua-
tion, see FM 6-15 and F'M 100-5,

. Mountain terrain lends itself particularly well to surprise,
but successful surprise action depends om skilled troops and a
commamder who knows how Lo use them. Decentralization of
control is forced upon commanders of large units by prevailing
terrain and weather conditions. Ience, the initiative, resource-
fulness and judgment of small unit commanders is taxed to the
utmost, as they may be operating independently or semiinde-
pendently for extended periods.

c. Mountain wealher is characterized both in summer and
winter by inclemency, or by large temperature diTerences betwean
day and night, and by sudiden and loealized atmoapherie dis-
turbanees such as violent painstorms and snowslorma.

34. 5Standing Operoting Procedures

In order to facilitate mountain operations, a detailed atanding
operaling procedure should he prepared by each unil, ineluding
the platoon. This standing operating procedure should cover the
organizalion of eombat teams down Lo ol including the reinforeead
platoon, a normal procedure for supply, making bivouses and
emergency shelters, march rates and march formations, and any
changes in organization and equipment required for summer or
winler operalions.

Section Il. TROOP MOVEMENTS AND MARCHES

35. March Techniqgue

. Troops that have acquired the proper technique for marching
in mountaina are capable of marching many times the distance
that can be covered by troops not so trained. The prime considera-
tion is accomplishing the misszion by conserving the soldier'r
strength and combat efliciency. The individual soldier must acquire
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& steady, rhythmic pace, decreasing in speed with the steepness
of the slope. In addition to the effect of the terruin, the rate of
march is further reduced by wind, rain, intense heat, and fog.
When climbing, the length of the regular pace should be shortened,
_atepping around ruiher than over obstacles, and keeping the feat
flut. Use of the bally of the feet ulone should be avoided. The knees
should be slightly bent, and foolholds selected earefully. When
traversing steep slopes on soft ground it is desirable to kick foot-
holds and to take advaniage of natural flut hummocks. When
traversing steeps slopes on hard ground the feet should be flat,
rolling the ankle with slope. Logs, sticks, or small roeks should
not be stepped on. When ascending steep slopes the rate may
vary from 40 to B5 steps per minule, depending prineipally on
the altitude,

b. Over uneven or difficult footing, a 5-foot distance lhetween
men allows the soldier to adjust the length of his stride and to
keep moving without being forced to hult by the varying speed
of the man whead. It is often advantageous to climb at an ansle
rather than direetly up a hill to econserve energy.

36, Efl‘e::ﬁ of Marching

Improper puce or cadence in marching uphill may yvesult in
serious injury to the heart and respirntory organy. Desconding
produces conlinuing jurs, the severily ol which is incrensed by
the weight of a pack, resulting in struin on the legs, pelvis, and
spinal column. Climbing tires the heart and lungs; descending
causes greal muscular fatigue.

37. Rate of March

The rate of march may seldom be ealeulated exactly. To estimate
the time required to cover a given distance: to the time required
for marching a map distance add 1 hour per each 1,000 feet
agcent or 1,600 feet descent. For example, a 10-mile march on a
hard surfaced road requires 4 hours. If there iz u totul climb of
2,000 feet und a total desecent of 1,600 feet the march will take
T hours.

38. March Discipline

March discipline must be rigorously enforced in every aspect.
If & mun is forced to stop to repair or readjust equipment or
because of illness or an injury, he should immediately fall out
of the columns, and should not try to regain his pluce until the
next halt. All commanders must give continuous attention to
keeping marching formations closed to proper distances. Ordinar-
ily this can only be accomplished at halts, Straggling must not he
tolerated and the taking of short culs should be forbidden.
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39. Poce-Moaoking and Halls

The march unit should be the company. An experienced non-
commissioned oflicer, carrying the same load as the majority of
the men and marching at the head of the company, maintains
the pace ordered by the march unit commander., The pace of the
. column must be governed by the mosat heavily loaded element.
It is advisable to make a & minute halt to adjust clothing and
equipment after the first 15 minutes of marching, and 5 or 10
minute halts every half hour thereafter., At the repgular halts,
men should remove their packs and wenpona. Lying down wilh
the feet elevated will help freshen the legs and prevent stifTness.
Troops should be trained to get off of the trail immediately at
all halts, in order to allow messengera to move along the column.

40. Column Length

When a narrow trail necessgitates marching in single file, the
length of an infantry battle group may approximate 5 miles.
The difference in elevation between the head of the column and
the tail of the column may le over 3,000 feet. On a winding
aacent, the trail distance between the point and the main hody
may be 2,000 yards, although the cross-country distance may be
only a few yards. Under auch conditions, the main body may be
cloger to the enemy than the point and may be fired upon at the
same time as the point, or even lbefore the point is engaged.

41. Selection of Routes

a@. Reconnaissance of routes of march should be made and the
roule selected on the basis of eaze in marching as well as tactlical
security. IFaclors governing the choice are availabilily of ridge
routes, good footing, contour travel, timber lines, and geological
formations such as ledges, Primitive traile are ususally found
along ridges. Highways usunlly follow the wvalleys. Movement
down a wvalley, without security on the high ground, invites
ambush. Movement on the crest of a ridge, where some of the beat
trails are found, invites obaerved artillery fire. In an uncovered
march, a unit should march below the creat of the ridge with
flank security helow both military crests observing the valleysa.

b. Timing and plamning are important in order to avoid halts
or bivouacs on exposed terrain.

42. Selection of QObjectives

Because of optical illusions created by clear air, looking down
from the heights, and intervening depressions, time and dislance
will usually be underestimated. Particular care must be taken
to select an objective which can be reached within the time
available, The route and alternate route to the destination should
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be reconnoitered in advance. One unexpected extension of a
march will often produce undue exhaustion which, in turn, may
result in a late arrival, a poorly prepared bivouae, and inefficient
security,

43. Movement over Difficult Terrain

Movement over extremely difficult terrain such as eliffs, rocky
erags, ravines, glaciers, or deep snow, requires apecial preparation,
Lraining, technigue, and equipment (chs. 4 and B).

44. Night Marches

When contact with the enemy ia imminent or has been gained,
most of the marching will be at night. Night marches in mountains
are very dillicult, often dangerous, and exceasively tiving, and
therefore should be attempted only when absolutely required by
the situation. Daylight reconnaissance, the marking of routes
to be used and the employment of competent guides are essential
to the sucecess of a night mareh, Distances between men and units
are decreased. On occasion it iz advisable to maintain physical
contact with the man ahead. While bLright moonlight makes a
night march easier, it also improves enemy obaservation. It is
extremely difficult to move along a rocky path at night without
noise. Dislodging of a single rock may start a rockslide that can
be heard over a mile away, and hobnailed shoes may create
telltale sparks. When marching through woods or areas where
trails are many and indistinet, numerous connecting files will be
required between march units in order to maintain continuous
contact. It is usually impoasible for anyone to move up and down
a column on a meountain path at night to check on distances and
maintain mareh diseipline. All orders must be relayed rearward
and forward through the ecolumn.

45, Marches in Clouds or Fog

Marches in clouds or fop present the same diffi~ulties as night
marches, Keeping a sense of direction is more dillicult, since clouds
are often so dense that one can hardly see the ground. Such condi-
tions necessitate even closer columns, a slower pace, and the use
of audible signals. The crowding together of units may create
serious tuctical disadvantages when the fog or clond lifts.

Section 1. SECURITY
46. General

. Mountain terrain offers many vantage pointa for enemy
observaltion and ambush thus requiring the placing of added
emphasis on security, Commanding ground must be occupied
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immediately by securily detachments strong enough lo hold it
againgt hostile combat or reconnaissance patrols, Enemy positions,
not readily accessible, may have to be neutralized and bypassed
80 as not to impede the progress of the main body. Neutralization
can be accomplished by air attack, artillery or tank fire, or by
infantry weapons. Smoke, conventional fires, and nuclear fires
should be congidered.

0. When defending against well trained and aggressive enemy
Lroops, no mountain ranges or terrain obstacles ean be considered
ag 1nsurmountable, and every conceivable approach must be
guarded.

¢. At night, and during other periods of restricted visibility
enemy infiltration is a constant danger. The use of additional
troops may sometimes be necessary in order to provide adequate
prolection for rear installations.

47. listening Posts

A man’s voice in a valley frequently can be heard on ridges
3,000 feet above, Consequently, valley approaches, az well as
ridge approaches, are often covered by listening posts well up
on ridges. However, thorough coverage of a valley approach may
often require listening posts located in the valley. Mountain
streams often drown out all noises for those near the stream
when those higher on the ridge can distinguish each distinet
aound.

48. Flank Security

@. Flank security is provided by forces occupying dominant
lerrain on the flanks of the main body. Flank security forces
limited to foot mobility often move to vantage points well in
advance of movement of the main body. In winter, ski troops
may be used for this difficult mission. Flank security elements are
transported by helicopters or vehicles when practicable, The
number and strength of {lank security elements ig determined
by the number of terrain features which must be occupied or
patrolled and by the mobility of the flank security forces.

b. Commanders consider the difficulties imposed by terrain on
movement of security forces and plan accordingly. The frequent
lack of passable routes on the flank of the main hody may limit
flank security to helicopterborne patrols or aerial observation.
However, strong ground flank gecurity elements are used when
practicable, Consideration must be given to ceiling limitations
of helicopters which are approximately 6,000 feet for the H-13,
and H-23 and 12,000 to 13,000 for the H-19 with a maximum of
four passengers.
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49. Antimechanized Security

surprise raids by armored elements are rare, but shonld never-

theless ba guarded againsat by means of road Dblocks, mines, and
antitank guns,

Section IV. BIVOUACS

50. General

. Most mountainous regions offer few camp sites suitable
for lurge units. The limited srens and the inereased time lengiha
of columng will ugually reguire compunies, or even plaloons, to
hivouac separately on the nearest suitable spot to the halling
point. This method will not necessarily expose subordinate units
Lo any grenl danger, as even a plaloon organized for all-around
defense can successfully withstnnd an ultack by a larger force
and can easily be supported by adjucent units. The best camp
sites are on genller slopes, nenr stveams wmud in wooded areos.
Above the tree line, tents must be well dispersed and cumouflage
diseipline slrietly enforeed. In general, mounlain bivouaes should
be located on commanding ground wilh provisions for all-arcund
defense of Lhe areu. Unprotecled smull nnits should never bivonae
in u valley in the presence of the enemy, ua they do not possess
suflicient force to outpost surrounding high ground.

b. IFor bivouacs in snow and extreme cold, see FM 31-71; for
bivouancs in jungle, see FM T2-20,

51. Formations

. The company should bivouac in a formation suitable for
perimeter defense, If sufficient overhead cover is available, the
company should bivouac astride the road or trail being used,
with trails made for the flank platoons. The use of platoon bivouses
will further reduce the Lime required Lo close up at night and
to move out in the morning.

b. The force commander, when issuing his order to halt, should
indicate whether to close into platoon or compuny bivouucs,
depending on the density of cover, the time length of the column,
and his mission the following day.

e. The actual setup of bivouacs will vary considerably due to
the irregularities of the terrain, Living conditions are continnally
improved if the same area is Lo be used for more than one night,
All types of shelters may be dug In thce gide of a slope. using
shelter halves, ponchos or pieces of canvas covered with prass
or hranches for roofing. On a fixed fromt, bomb proof caverns
may be blasted out of bed rock and used for supply storage as
well as living quarters.
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52, Precavulions

a. Smoke from a fire in a valley will often rise in a column
that can be seen for several miles. Lights at night can be seen
from distant visible penks. Exposed lightz or fires should never
e permitted under combat condiliona. 1f absolulely necessary to
have fires in the mouniaina, it is best to put them in amuall de-
presaions on top of the higher ridges. A pit for the fire aboul
two feet deep should be dug and the fire only tit at night 1o pro-
hibit obgervation of the samoke. 1f below tree line, it shouli be
foentod amonge trees, The pellection of the aun er olher light Mrom
mpttipnnent can expose an olherwise well concenled bivouae, The
outside of all mess gear should be blackened, care should be taken
in the use awd diapoanl of ration cans, and no equipment which
refleets light should be exposaed.

b. Tents, equipment, and supplies should not be placed too
clome to dried-up stream Deds during the summer months, ns
sudden rainstorms and cloud burats may turn the heda into
raging torrents.

¢. Bivounes shoeuld not be placed swhere rockfalls and avalanches
threaten.

Section V. OFFENSIVE COMBAT

53. Influence of Terrain

g. Mountain combat lacks the unity characteristic of combat
in rolling terrain, particularly in the offensive phase. The con-
figuralion of the terrain tends to give the battle field a pidcemenl
character and to divide it up into more or leas isolated conflicts
difficult to control by higher commanders. Subordinate unit com-
mandera must maintain their initiative within the plan of the
given mission and in accordance with the expressed 1nl:eutiuns
of the higher command.

b. Envelopments are executed where possible, often in con-
junction with frontal atitacka, to prevent full enemy attention
to enveloping forcea, Helicopterborne assault forces are eapecially
ugeful in executing surprire attacks and flanking maneuvers.
In all oiffensive operations, the seizure of dominant terrain features
as intermediate and finnl.objectives hecomes the core of the
commander’s plans. Specific effort to capture vantage points for
artillery observation must be emphasized.

e. In order to advance successfully, troops should ordinarily
work along ridges and high terrain features, avoiding natural
corridors of approach, which are usually mined and easily de-
fended. In this manner the enemy will be forced to abandon
strongly defended positions in the valleys and natural approaches
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ag they are bypassed, The peaks and ridges will generally be
heavily defended by the enemy, and seizing the high ground
will necessitute a frontal attaclk. By moving up the noses of ihe
subsidiary ridges instead of the draws, the eost of such an
operation will be reduced.

54. Contral Medasures

Intermeriate ohjectives, directions of attack, or axes of advance
Following ridygge lines are Neequently used control measares. Where
lateral restrictions of fires or movement is necessary, boundaries
are assipned,

55, Initiative

In rugeed terrain, unusual and unexpected opporiunities will
often present themselves to small unit leaders. If these wlvantages
are rapidly and aggressively exploited, the whole aclion may be
inilnenced. Beeause of this, junior leaders should have some
knowledge of the overall situation; orders must he general,
allowing initiative on the part of subordinales; amd the higher
commander must be quick to seize the advantage gained by one
of his smaller units,

56. Detached Missions

Units operating semi-independently should be of such composi-
tion that they can accomplish ihe mission without additional
support,

57. Approach March

i, 1n a march along a narrow rvidgeline trail, the column length
of a baltle group may be as much as 5 or 6 miles, and the time
length, several hours. Deployment in width will take eonsiderable
time, The advance guard may be composed of one rifle company
reinforcet by elements of the mortar battery, terrain permitting,
and a detuchment of engineers, A rear guard may be necessary
andl is organized similar Lo the advanee guard but in reverse
wriler, Thiz plan will apply when lVimited ridpeeline trail nets
prohibit the use of more than one trail. When more trails are
available, or when combat is imminent, parallel colomng, o wedge
forplion, or a formation withh o unit on eiach ridge and the
main body in the valley in rear can be used. In all cases, each
unit separated from the main hody must be capable of fighting
wilhout support. Doaring the movement o eontact, air londed
forces may be employed with the covering foree, between the
covering fovce and advanee guard, with the advance guard,
and on lhe flunks of the main body,
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Ir. Beeause of 1he time required Lo reconnoiter enemy positions
i heeause of the constant threats of ambush, the rule, “Contact
once gained should never be losat,” is eapecially applicable,

¢. Lateral contact between. adjacent units is seldom continuous,
andd connecting patrols must be dispatched frequently. Combat
patrols must be sent to the flanks to cover areas that have been
" bypassed.

d. Contact with enemy encountered during the approach march
is maintained by the use of patrels and/or aireraft.

58. Afttack

. Flanking action sometimes will be impossible and the unit
required to attoelk {rontally.

bh. IProntal daylight atiacks in narrow sectors have little
chance of success. Such attacks are bound to be canalized and
observed, thug giving the enemy the opportunity to shift his
reserves for counterattack., On the other hand, if the attack is
lanunched quietly and steaithily at night, without initial supporting
fires, there is a greater chance of getting through a surprise
assault without Leing exposed to observed and concentrated fire,

c. Simplicity of plan is the essence of a successful night opera-
tion. Such planning must provide for continuous, efTective control
by the eommander, and for alternate action in the event that
unforescen developments arise. Characteristics of nighl ailacks
in the mountaing are- - '

(1) Dilliculty in mainlain control.
(2) Slow and methodieal movement.
(3) Difliculty in organizing objective after successaful assault.

. The attack of a very steep position is frequently made easier
by The prreat amounl of dead spaee. Halls should nol e nyule on
top of a ridgeline objective. Advance over creats should be made
cautionsly, in a well-deployed Tormalion. The altacker should
cotnlinue {e push the enomy loward the next objective, or dip in
and reorpEanize well forward of Lhe ridge crest. In case of a1 halt
Lo reorganize, leaders of assaull units should dispatch combat
palrols to maintain contact with the enemy.

. The crossing of a lnderal valley and assault of n well delended
ridge are similar to the forcing of a river crossing, T'he purpose
is to move a force across quickly and economically and establish
a bridgehead to permit the crossing of the main body. This re-
quires eareful reconnuissunce, coordination of supporting fires,
amd finally o enrefully planned attack, preferably with the use
of smoke or at night. T'o move the entire forece from the vidge
tnta the valley before the next vidge hag been secured is fo thvite
disuster,
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f. An attack by verticul envelopment may overcome the de-
fensive strength of an orgunized position that a ground force
might find dillicult to penetrate or outflank. In addition, air
linded forces can altack with grealer speed than grouml forees.
_ They sheuld be large enough Lo take advantage of the Surprise

gained. Multiple routes may be used to reduce the time Lroops
sl wiveralt ave exposed Lo enemy observation aml fives during
movement. lRoutes must be selected which do nol overly divide
supporting fires. Every effort is made to neutralize enemy fires
while air lunded forees arve (lying over un organized position. If
the wir transported force is not employed in n vertical envelop-
ment during the initial phase of the attack, it may bLe held in
reserrve Lo reinforce or exploit u penetration. A prerequisite for
suceessful altaek using transaport aviation is that comnuunl of
the air must he achieved prior Lo their entry into hostile territory.
Command of the air is a term bromder in scope and meaning
than air superiority. Chapter 7, FM 100-1, defines command of
the nir as *'the degree of one force over another which permits
the conduetl of air eperations by the former at a given time anl
place without prohibitive interference Ly the air force, guided
missile and/or aiv delfense arlillery action of the opposing (oree”
Ity two clements are—offensive counterlive means and active air
defense means.

g. Commamd posts should be close to the front. This permits
positive control of forwuard elemenls by making electrical com-
munications more reliable and enables messengers to perform
their missions more rapidly with less chance ol being lost, and
statl officers to give closer personal supervision to the operations.
Although close to the front lines (200 to 500 yuards), the pro-
nounced delilade and the proximity of supports and reserve will
often give the command post protection from enemy fre and
infiltration.

59. Supporting Weapons

o, Infantry heavy weapons, artillery forward observers, and
survey pariies should closely follow advancing infantry to com-
manding ground in order to give continuous support Lo the attack.
All combut arms officers and NCO's, 1o include combal engineer
oflicers and NCO's should Le able to adjust the fire of supporting
WLLLDONS,

h. Because of the dilliculties of ammunition resupply, the
standing operaling procedure or field order should include the
percentuge of field artillery and mortar ammunilion to be retained
oy close support of the assault and for breaking up u counter-
atlack., In addition, a fixed number of rounds should habitually
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be kept in rezerve to be used only on the order of the unit com-
mander.

60. Use of Smoke

The use of smoke in various phases of mountain operations
- nssumes a high degree of importance. Smoke must often he used
in daylight frontal attacks, stream crossings, wilhdrawals, and
for marking and identifying positions, targets and objectives.
Weather conditions such ag snow storms and fog may supplement
smoke in concealing the attacker.

61. Exploitations and Pursuit

a. Each local success should be exploited immediately and
vigorously by utilizatinn of reserves for flanking attacks on adja-
cent enemy points of resistance, seizure of his communication
centers, and cutting off the retreat of isolated enemy forces. By
interdiction fire the artillery should cover to the limit of its
range every conceivalble escape corridor. Transport helicopters
may be employed to shilt supporting artillery and their forward
observers rapidly, without regard to terrain ohstacles. Helicopter-
horne combat patrols can be utilized to block retreat by employ-
ment at key terrain features, to create obstacles, emplace atomic
demolition munitions, and, in general, to cause harassment and
disruption of enemy reserve and supply areas., Tanks may he
utilized along the roads or traijla to attnek retreating enemy groupa.
Participating aviation, if available, should be called upon to attack
retrenting columns with its maximum strengrbly, ecapecially at cen-
ters of ecommunications and defiles. During exploitation, the
apcurity of rear areas must be assured against action by bypassed
enemy groups who may infiltrale, :

h. The fatigue of the altacking troops will exceed that of the
defender. For this reason, the troops of the attacking echelon
ghould not be used in the pursuit if it can be avoided. Reserve
troops can be effectively used, particularly if committed just prior
to the capture of the objective.

62. Attack Against o Fortified Position

a. Attack against a fortified position is extremely difficult in
mountaing and requires more time for planning, organization,
and preparation than in ordinary terrain. Careful and continuous
recontaissance, supplemented by the study of vertical and oblique
aerial photographs, is essential. The gapa between fortified posi-
tions, defended only by mobile troops, may be expected to be
heavily mined and in a more irregular pattern than on ordinary
terrain. For detailed instructiona see FM 31-b0.
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b. Surprise flank attacks, coordinated with attacls on rear
ureas by airborne troops, and supported by highly concentrated
and accurate artillery preparations at the ceritical points, may be
employed in order to break through fortified positions.

Section V1. DEFENSIVE COMBAT

63. Advantages

a. Regardless of the size or composition of the units involved,
detensive combat in the mountains has the following advantages:

{1) Dominant terrain provides the defender, and denies the
atlucker, observation and firing positiona.

(2) The slopes and other terrain features impose difliculties
on the attacker, '

(3) Thereare areas which are eilher impassable or extremely
diflicult for the enemy lo negoliate.

(4) The lack, or scarcity, of roads places restrictions on the
use of tanks or other combat vehicles, and renders them
exlremely vulnerable.

D, The inherent advantages may bhe increased to a great extent
by manmade ohstacles combined with long-range nuelear and non-
nuelear fire and aerial bombardment along enemy routes of ad-
vance, A small number of well placed demolitions is often suffi-
cienl to stop for a time all enemy movements on a large section
of the front.

¢. Mountainous terrain permits the defender to more easily de-
ceive the enemiy as fo his strength, purpose, and dispositions. Al-
though it is diflicult to move reserve units, the defender can usually
accomplish such movement more rapidly than the attacker, since
the former has more time to prepare a network of lateral trails
and his troops are ordinarily less fatigued.

d. Delaying action is particularly effective in mountains and can
be accomplished by a much smaller force than is ordinarily needed.
Roads and trails can easily be made impassable for a long time by
creating rockslides and blasting craters on the steepest parts, in
narrow passes and, in general, where the obstructions cannot he
bypassed or easily moved.

64. Disadvantages
The disadvantapes of defense in mountains are—

@. The compartmentation malkes it diflicult, or impossible to
shift fires of supporting weapons readily,

b. It is often impoasible to have grazing fire in rupged terrain.
¢. Mountains with wooded slopes, and moderately diflicult cliffs,
enable the enemy to make decisive surprise attacks.
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. Dilliculty of digging necessitates longer time for preparation
and organization of positions,

¢. Greater possibility of being byparsed and cut off by Lhe enemy.

65. Selection of Positions

d. The selection of defensive positions is governed Ly the
necessity for—

(1) Barring avenues of approach which the enemy might
use, :

(2) Protecting routes of communication for the defense,
especially important crosaroads, bridges, and Interal
roads which might be used by the reserves

(3) Protecting the flanks by placing them against deep
ravines, vertical ¢lill's, or other areas diflicult to penetrate,

(4) Covering all arens of the front, no matter how in-
accessible {o the enemy they may appear {o be.

(b) All-around defense, particularly since terrain considera-
tions may necessitate the organization of defensive
positions on successive ridges.

(6) Covering ravines by direct and indirect fire and blocking
them with antipersonnel mines, barbed wire or other
obatacles. It may be necessary to position individuals
in valleys during the periods of low visibility.

(7) Eflective observation of all hostile aproaches in order
to have early information of enemy movement and troop
concentrations.

b. The use und location of automatic weapons is of vilal im-
portance in mountain warfare. Bare ridges can often be better
covered by automatic fire from an adjacent ridge than from any
position on the ridge itself. Lateral communication between these
mutually supporting groups should be established. Visual signals
such as smoke, flags, or pyrotechnics are usually the most de-
pendable,

¢. A reverse slope defense may be necessary when the occupa-
tion of a forward slope would subject the defender to heavy

observed fire, or when the enemy has a known nuclear capability
(FM 7-10, FM 740, and FM 100-5).

66. Counterattack

Counterattacks, when launched down a descending slope, have
the advantage of permitting more rapid movement. Counter-
attacks to restore a defensive position should be conducted as
soon as possible following the logs of the position. This will pre-
vent effective enemy reorganization. '

32 AGO 100%6R



67. Retrograde Movements

¢, The usuul difliculties encountered in any retrograde move-
ments are increased when such an operution becomes necessary
in the mountuins, Pursuing troops can infiltrate and outflank if
 they advance rapidly on routes parallel to the route of withdrawal
af the defender and emerge along lateral routes on the lunks or
in the rear. In addition, limited trail and road nets hamper the
withdrawal of equipment and supplies.

h. The withdrawal of the forces engaped in the various terrain
compartmenis mugt be closely voordinated to prevent the cutiing
off ¢f some units, or sudden breakthrough by the enemy, which
may result in the partial or total destruction of supply columns,

¢. Helicopters can assist in retrograde movements by trans-
porting units rapidly to new posilions, In u daylight withidrawaul
they must be able to transport units that have broken contact
with the enemy. Elements not able to break contact will withdruw
ont fool. In a night withdrawal, secrecy and stealth are paramount
considerations and helicopters may be limited to withdrawing
Lhe detachments left in contact. This type of operation requires
detailed plans, thorough daylight reconnuissance, and ecareful
timing. Considerations for the withdrawal of elements in cloae
contuct with the enemy are similar to those for withdrawal of
jsolated units.

o, Artillery and aircraft should concentrate their fire and
bombardment on points where the enemy must pass through
narrow gaps or over obstacles,

¢, For further information on 1etlngrade movementa sea FAL
7-10 or FM T7-40,

68. Fortified Areas

Mountain terrain lends itself to the establishment of strong
fortified areas. For & daseussmn of the defense of fortified aveas,
set FM 81-50,

r. In valleys containing the principal routes of communieation,
Htl‘[’lngl}f fortified areas may be organized. These defenses will
generully consist of tiered works, beginning ut the lowest eleva-
tion in the valley in order to enfilade the main route. Others on
lhe slupes are usually redponsible for Lthe opposite slope aud long
range interdiction. In addition, all approaches to the valleva are
covered with extensive fielda of antitank and antipersonnel mines
and other obstacles,

b. Because the gaps and flanks are the most likely points of
attack, the bulk of fire power should be concentrated at such
noints, Every effort should be made to hold these positions at
ull costs,
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69. Defense Against CBR AtHacks

a. Chemical. The employment of chemical munitions in moun-
tain warfare will ba mostly by air-delivered weapons due 1o diili-
cult logistic problems and increased munition requirements for
cold weather employment. The defense apainst chemical attack
in mountainous terrain is the same as on fiat terrain with similar
temperatures. At high allitudes where the temperature drops
below —20° 17, Lthe proteclive mask must be winterized to prevent
fogging of the lenses and frosthite to the face, The winterizing
kit containg dark lenses to prevent smow blindness, At tempera-
turea below —20° I, the mask should be earried under the parka
and placed in the sleeping Lag at night to prevent hardening and
cracking of the rubber face piece,

b. Biological, Defense against biological agents in mountainous
terrain does not difTer in principle from that in flat terrain unless
conditions of extreme cold exist. As in flat terrain, the individual
soldier’s first line of defense agninst biological agenta in aerosol
form is his protective mask. Troops suffering from dehydration,
undernourishment, or lack of rest will be particularly vulnerable
to biological attack. In delense against biological warfare, special
attention should be given to the individuals’s maintaining a high
degree of personal hygiene and to allowing the consumption of
only purified, approved water. 1f a biological agent has been
disseminated, drinking water obtained by melting snow is unsafa,
In mounininons regions, waler contiomination may be enconnloereod
at sltes far removed from Lhe source, Contamination hazards may
be created or lengthened when layers of anow or ice which are
deposailed on eonlnminaled arens refrigernte cerlain agents, allow-
ing organisms to remain alive and causing the agent to be hazard-
ous when the area thawa. In general, hiological aerozols may be
more effective at lower lemperatures because agent decay (dying
of organiams) immediately following dissemination is decreased,
causing the aerosol to remain ineffective over a greater distance
ag it moves downwind.

¢. Nueclear.

(1) The defense apgainst the effects of a nuclear attack in
mountain operations will be more diflicult than in flat
terrain due to the lack of roads and trails and the slow
speed at which troopa ean move. The construction of fox-
holes and other shelter for protection from fallout radia-
tion will be difficult where the ground is rock, scree, or
frozen. The improvished shelters constructed of snow
may provide the only obtainable protection from radia-
tion. In mountainous terrain the deposit of fallout will
be very erratic if high wind conditions exist. The radia-
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tion dose-rate may be many times higher or lower short
distances away from the nuclear detonation. Natural
shelters such as ravines, walls or chimneys may provide
shiclding from radiation and deflection of fallout. Move-
ment from a position to avoid fallout should not be
aftempted unless radiological survey information is
available from unit or supporting radiological survey
teams, Aerial radiological survey will be more diflicult
in rugged mountains and provides less accurate infor-
mation due to the irregular deposit of fallout and the
dificulty of maintaining constant flight altitude above
the ground.

(2) The range of casualty-producing thermal effects from

- nuclear weapons will be extended by clear mountain air.
Within thia range casuallies from thermal effects will
be reduced by the added clothing required at high
altitudes. If the fterruin is covered by snow, a greater
number of casualties will result from flash blindness.

(3) The primary and reflected hlast waves resulting from
the detonation of even a small-yield nuclear weapon
may cause avalanches and rock slides up Lo distances of
20 miles or more from the point of detonation. Units
operaling under conditlions of nuclear warfare should
be purlicularly eareful {o select posilions where they
will not be hit or trapped by rock or snow slides.

Section Vil. SUPPLY

70. General

¢, Unils operating in remote mountain areas usnally cannot
depend upon local sources of supply since such sources usually
provide only the bare necessities for the inhalitants. This means
that troops operating in this type of terrain must depend entirely
on trangported supplies. The amount of supplies that ean be
moved iy usually very limited sinee hand-carry must be used Lo a
lurge extent. Ordinarily, three stuges or means of transportation
are required @ vehicles wherever romds permit, aivernft, and finally
individual soldiers or porters, Since the combat unit in mouniain
operations will usually be a reinforced battle group with the
resulting decentralization of command, there must be a correspond-
ing decentralization of supply. In cerlain cases, supply points
may be necessary for servicing isoluted frontline wunits, The
locution of these supply peints amd the time that the various
units will draw their supplies should either be incorporated in the
fielll order or, in a rapidly changing situation, the information
should be furnished in fragmentary form.
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b, It may often be necessary to devise apecial combinations
and methods of distribution. These will depend, to a large measure,
on transportation facilities, location of combat unils, and type
of terrain in which operations are under way.

e. Supply operations in mountainous terrain are aflected by
_Lhe following additional factors:

(1} Ration needs of the troops are increased by the rigors
of the terrain and, in cold weather, by the climate.
(2) The needa for equipment and fuel are increased,

. Careful planning by all echelons of command is of the utmoast
necessily if supply is to function smoothly. Unless plans are
earefully made, the rapidly changing tactical situations will
cause a lengthening of supply lines which may result in a retar-
dation of supply of its complete interruption. To prevent such
occurrences, plans should be made to organize advance supply
points for each tactical unit being serviced.

71. Supply by Air

Aerial supply and resupply can be used under various condi-
tions, either by parachute drop, free drop, or cargo helicopters
when ground supply agencies encounter terrain difliculties. Un-
predictable weather and air currents, clowd-covered peaks, and
lack of emergency landing places make this method hazardous,
especially in alpine terrain.

72. Special Clothing and Sleeping Equipment

The field uniform prescribed for infantry units is generally
sutisfactory for troops operating in mountaina who are not
specilieally elasgified as alpine troops. The two most important
items are footgear and headgear. The leather combat boot with
good rubber composition soles and heels provides excellent trac-
tion on rock, and the steel helmet offers the best possible pro-
tection from falling rock. Troops operating in alpine mountains
may be equipped with special mountain beota with rubber cleated
soles and with the mountain type, down filled sleeping bag. For
detailed information on clothing and sleeping eguipment, see
TM 10-276.

73. Bedrolls

Except in a coordinated attack on a limited objective, bedrolls
oy pachks should be kept with the individual, DiMiculties of supply
will congest the limited road net so that bedding will seldom reach
the troops at night,

74. Rations

Individual combat rations, Assault Packets, trail rations, and
rations, small detachment, 5 persons, will normally replace the
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field ration A and operational ration B, but one hot meal per
day should be served if possible. IIot meals may be prepared in
the rear and moved forward by vehicles, helicopters, or by
individuals using packboards. Extra heating units from field

. ranges, or small detachment stoves, should alse be brought for-

wurd so that the food may be reheated in the event that it cannot
be consumed for some time. This is especially desirable when a
unit is expected to be isolated from its lines of eommunication
for an extended period. Food with grealer ealoric value is requived
for the strenuous work of mountain fighting and for maintaining
body heat in cold weather. IFor this reason, every effort should be
made 1o serve hot prepared meals at every opportunity. Small
gasoline stoves (l-burner cooking outfit), or individual fuel
Ltublets and improvised heating methods are highly recommended
for use by outposts, patrols, and other small groups which have
no other means of heating their food.

75, Ammunition

Ammunition distributing points must he moved forward fre-
quently and kept relatively eclose to the front lines in order to
reduce the difliculty and the delay in delivery that are usually
imposed by precipitous terrain. The positions of emplaced weapons
must be considered when selecting locations for ammunition
distributing points in order to reduce the time and effort in supply-
ing ammunition,

76. Water

In many mountainous regions, water is abundant during all
seasons. No matter how pure and clean mountain water may
appear to be, purification is neceysary and should be accomplished
by approved metheds, In some mountainous regions where there
is little or no water, provisions must be made for earrying great
quantities by the alrendy overtaxed transportation system. Organic
vehicles and 5-gallon water cans can be uged for this purpose.
Whenever the use of any other type becomes necessary, the
weight and bulk of the container should be seriously considered.

77. Movement in Rocky Terrain

In diflicult terrain it ay hecome necessaory Lo move supplies up
vartical clitfs or across deep crevices. This enn be accomplished
by improvised eableways, bloek and Lackle, hoists, aml winches.

Section VIIl. TACTICAL EMPLOYMENT OF CLIMBERS

78. Requirements for Qualified Climbers

Normally, the first unita to be committed to operations in
mouniainous terrain would be those whose personnel have re-
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ceived specinlized training in the techniques of military moun-
taineering. Units committeed to prolonged operations In moun-
tainous areas, whose peraonnel have not received thiz specinlized
training should have qualified mountaineers asgigned to them as
advisors. Depending upon the availability of qualified personnel,
a number of experienced climbers should be assigned to each
platoon, company or hattle group sized unit prior to the planned
operation.

79. Copabilities and Duties of Climbers

@¢. To properly perform their duties climbers must be familiar
with and capable of—

(1) Asgistance in unit movements in the mountaing auch
a8 route selection, navigation and {echniques applicable
fo the rugged terrain,

{2} Free and roped climbing.

(3} Rope installations such as fixed ropes, uze of anchors,
vertical hauling lines, suspension traverse, and rope
bridges.

(4} Crossing techniques of mountain creeks with awift
currents.

(B) First aid and evacuation techniques.

(6) Individual cooking techniques above and bLelow timler
line.

{7) Shelters and hivouaca.

(8) Snow characteristics and =afety precautions from
avalanches. :

(9) Assistance in movements over glaclers.

(10) Characteriatica of weather, eapecially prolection from
the sudden changes in temperature, high winds, bhzzards.
thunderstorms, and other adverse effects.

h. Climbers with sullicient training in military mountaineering
and considerable experience should be first as guides and advisors
to the units involved in mountain operations. They can also be
of great value by serving the troops as observers and scouts,
performing duties on patrols of various types, and asmstmg units
in assault climbing.

80. Guides

Guides are primarily used as advisera to unit commanders and
to assist troops over minor rock obstacles encountered in normally
broken terrain. They should possess excellent route-finding and
pace-setting ability and a thorough knowledge of the general
practice and theory of mountaineering,
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a. As adviscrs .thay ahould—
(1) Suggest best routes of march.

(2) Inform unit commanders of natural dangers and obsta-
cleys likely to be encountered.

(3) Be prepared to estimate the time and means necessary
- for the movement of troops or eguipment between any
two given points,

b. In assisting troopa they should—
(1) Maintain a steady pace at the head of the eolumn, to
prevent bunching and straggling.
(2) Help maintain proper march discipline with regpect to
pace, cadence, and diastance.

(3) Be stationed at obstacles along the line of march directing
troopa and indicating alternate routes over bottlenecks.

81, Observers and Scouls

a. The rules for the selection of scouts and observers (FM
21-75) hold trne in the mountaing, To Llhe characleristice and
abililies normally required of a scout must be added agility and
Lthorough truining in military mountaineering. The scout should
algo huve a thorough grasp of mountain terrain and terminology,
so that he can make accurate sketches and reports of his observa-
Livy,

b. Seouts will ordinarily function in pairs. When a scouting
mission requires crossing of precipitous tferrain, appropriate
climbing equipment will be carried.

82. Reconncaissance Patrols

a. Reconnaissance patreling over precipitous rock terrajn may
Lest e accomplished by small patrols of one or two pairs of
{rained climbers,

&, Climbers may be uged in day or night reconnaissance. Allow-
ances must be made for the added diffienlty and reduced speed
of night elimbing.

¢. Expedienta for party climbing will be found helpful in the
execution of night patrols and will permit inclusion of agile
nonclimbers in ihe patrol. Addition of nonclimbers will, however,
grently decrease the speed of movement.

83. Flank Patrols

a. Climbers may expedite movement of flank security elements
over dillicult rock terrain. One or two elimbera should be attached
to each element, depending on the size of flank elements and the
difficulty of movement.
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b, When ruggedness of terrain ia likely to enforce a rate of
march on the (lanks that iz slower than that of the main body,
flank security personnel should be grouped near the advance party.
Smaller elements are then detached as necessary to reconnoiter
and hold dominunt terrain features on the finnks of the line of
march, Flank outposts juin the main body and proceed [orward
to rejoin the pool of (lank elements.

84. Company Assault Climbers in Anlack

a. One of the principn] missions of military mountaineesrs will
be to Jead the attack on a precipitous objective, The forces required
to secure this objective from counterattack will generally be
amall,

b. A suggested standing operating procedure for a company
altack is as follows:

(1) The assaull of the clilf will preferably be made during
periods of low vigibility, 1f the night is dark, ropes may
have to be get tp at disk or just after dawn. The noise
of the movement may Le covered by direct and indirect
fire. Undefended points should be selected for the attack,
The use of at least two separated points increases the
likelihood of success.

(2) Before the atlack, a comiplete daylight reconnaissance by
the company assault team is desirable. If possible, six
routea should be chosen covering a front of from 200
to 400 yards. OF these, the two easfest routes should be
picked for the installation of the firat two ropes. Con-
cenled localions for mortars are chosen and range carda
prepared in advance. Platoon assembly areas are selected
and routes to the foot of the cliff decided upon.

(3) Under cover of darkness, the company moves into its
asgembly area. Mortars go into position to deliver unob-
served fire if the attack should be detected. Loecal gecurity
is posted around the assembly area. The best adapted
men are selected to climb the first rope. They are lined
up back from the foot of the cliff and under cover. The
agsault climbing team will initially set up two ropes at
points as far apart as posgible to give dispersion and
atill retain contrel. Numbers 1, 2, 3, and 4 will establish
one rope and numbers b and 6 the other.

(4) At the hour of the attack, numbers 1 and 2 elimb the
cliff, anchoring their climbing rope at the top, and
immediately move out to provide security. Numbers 3
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and 4 follow as closely behind number 2 as possibie,
place pitons, and secure the first line. Numbers 5 and 6
climl to the top, place their imitnna over a different route
and secure their line. They then set up a hauling rope.

!

(6) Six riflemen selected for their agility follow number 4
up the fixed assault rope and relicve numbers 1 and 2
ag security. The ritlemen are followed by two observers
with radio and wire reel to dircet supporting fire, As
soon a8 the hauling rope is set up, nutomatic wenpons
are hauled up and put in position to protect the climbing
of the main body.

(6) When a rope has been established, one assault climber
remains at the rope o service the line and to aid Lhe
inexperienced climbers up the route. The other climbers
will set up other ropes until four to six are in position,
depending upon the ease of installation, At least two of
Lhe rontes should have hanlinge lines which can be manned
by inexperienced men.

(7) TIollowing the observers and the automatic weapons,
a rifle platoon is moved to the top as rapidly as possible.
It reorganizes at the top and takes up a defensive posi-
tion that will protect the climbers from observed small
arms fire. The platoon leider commands all iroops at
the top of the eliff and inlegratey the direct and indireet
five.

(8) The assault platoon is followed by the company head-
quarters, artillery liaison party, ammunition, and the
remaining riflemen. The 81-mm moriar unita and their
rifle security are the last troops to climb the rope. The
ropes may be left in position for moving supplies or
evacuating. wounded, or may be taken forward to aid
in the continuation of the altack.

(9 In using the above stunding operating procedure, prior
detailed planning und careful organization are essential
Lo sueeess. When additional vopes or climbers are re-
quired, these should be altached from other companies
within the battle group. The initial troops to elimb the
cliff, inclwding the first platoon, should climh with only
their weapons und a minimum of ammunition. The
remainder of their equipment will be brought up by
hauling lines.
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85. Combat Patrols

a. The climber team should be the nucleus of patrols operating
over precipitous {errain. Nohclimbers may be added in varying
proportion according to the estimated climbing difficully and
mission,

h. If more than one point of attack ir to be used, or a more
powerful patrol is needed, additional eclimbing teams can be
employed.

¢. Patrol leader should be familiar with abilities and limita-
Lions of company climbers, ITe should be a trained climber.

- d. Noneclimbers should be selected with careful consideration
of their natural agility and endurance.
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CHAPTER 3
EMPLOYMENT OF THE ARMS AND SERVICES

Section I. INFANTRY

86. Tactical Principles

«. Infantry, because of its versatility, self-sufficiency, and
mobility, will play the dominant role in mountain operations, Small
units must be capable of operation under decentralized control.
The individual soldier must be dependable and resourceful when
separated from his immediate superior.

b, As In Nat country, infuntry acts by means of fire, shock
action and maneuver, bul this method has a somewhat different
application in the mountains, In general, the effect of fire is less
than in average terrain since mountainous regions offer con-
siderable natural cover such as rocks and cliffs. Maneuver is
constanily hampered by the dilliculties of the terrain, and fire
support from adjacent units cannot always be counted on, Move-
ment will usually take the form of individual infiltration or succes-
aive rushes by small groups for short distances.

87. Factors Governing Use of Weapons

In the employment of infantry weapons the following factors
must be taken into consgiderution:

tt. The use of overhead and long-range fire can be greatly in-
ercased due to the great dilferences in elevalion and the good
uhservation afforded.

b. The slopes of the terrain greatly affect range estimation.
An observer looking downward from a height tends to under-
eslimule the range; an observer looking upward from low ground
i likely to overestimate the range,

¢, The steepness of slopes and irregularities of the terrain
counteract lthe effeet of the grazing fire of automalic weapons
and limit the extent of beulen zones.

d. The existence of a great amourt of dead space gives added
importanee 1o weapons with a high angle of fire, as well as Lo
Land and rifle grenades.

e. The difliculties of ammunition supply make it necessary that
all commanders enforce a strict economy of fire.
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fo Mutual support {rom one lerrain feature to another is
facilitated by good observation.

88. Employment of Supporting Weapons

a. Maehine Gunsg. In employing machine guns, frontul fire is
Cthe most commonly used and has the advanlage of being efleclive
tleep in the region (hrough which the enemy must operate. The
terrain frequently permits sustained overhead fire. However, the
best positions for frontal fire are often the easiest for the enemy
o loeale and the displacement of weapons on forward slopes is
both diflicult and dangerous, As Lthe enemy closes in, the great
amount of dend spuce il sleep angle of {ire render frontal fire
less effeclive, Flanking fire may be delivered from ridges, gulleys,
atid passes protected from enemy fire and observation.

0. Mortars. The Bl-mm mortars of the infantry company are
indispensable to mountain operation. They may be used during
marches, bivouacs and for combat. Mortar fire may be maased
through the use of map (ats, sketches, or M—=10 plotting board.
In the attack it may olten be diflicult to provide suflicient ammuni-
tion for all of the 81-mm mortars. Under such circumstances it
is better to advance fewer mortars. This ean usually be determined
in advance by congidering how far from the nearest road the
mortars will be expected to operate,

¢, 106-tmm Rifle. In low mountain terrain, where road nets
exist, the 106-mm rifle is an excellent, highly mobile weapon. In
alpine terrain the 106-mm rifle may be air lifted into position by
light helicopter; otherwise it will be limited in use by existing or
specially constructed roads ns it is extremely difficult to hand
carry into position, It may be employed as a direct fire, close
support weapon, chiefly ngainst enemy strong points on fortified
positions, and as an antitank weapon,

89. Snipers

Due to the fine visibility and observation, frequent opportunities
arise when snipers can be used. The development and effective
use of snipers should Le given apecial attention.

90. Grenodes and Rockels

a¢. Hand grenades can be used to great advantage in moun-
tainous terrain, Close combat among rocks and eliffs reduces the
elfectiveness of shori-range rifle fire, but increases the efTective-
ness of hand grenades, particularly when they can be thrown
downhill, They are very eflective in wiping out machine gun
neats and mopping up field fortifications. Men should be cautioned
against throwing hand grenades uphill in places where they are
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likely 'to roll back on their own troops. Offensive grenades can be
utilized to great advantapge in close-in fighting.

b, When the range exceeds that of the hand grenade, the anti-
tank rifle grenade and rocket are excellent weapons for use in the
. neutralizing of pill boxes, bunkers and machine gun emplacements.

-Section Il. FIELD ARTILLERY

91. Tactical Principles

«. The basic tactical principles for field avtillery remain walid
in mountaing, subject to the limitations imposed by the wdversilies
of terrain and weather enconntered in mountains, The field arlil-
lery mortar battery is organic to the battle group. The fires of
the battery are utilized as directed by the battle group communder.
lowitzer batteries organic to division artillery may be attached
to the battle group; when this is done, the howitzer battery is
normally given the misgion of reinforcing the fires of the mortar
batlery or the howitzer battery may be further attached to the
mortar battery. Other field artillery of the division is also avuil-
able to the battle group on eall through the division artillery
commanler.

b. All types of artillery and missiles can be used in the
mountaing, Iight and medium field artillery may be brought into
position with the aid of trucks, traclors, aml by use of block
and tackle or winehes, Light artiVlery smd artiYlery moriars may
Le air lifted into positions by the helicopter., The 75-mm pack
howitzer due to its maneuverability is purticularly usefol in
mountuin warfare. Heavy artillery will be limited to roads and
iheir immediate vicinity.

92, Limitations

a. In mountuin warfare, field artillery frequently is forced into
decentralized employment because of the limited space for gun
positions and the difliculty of fire coutrol. Tn snow-covered moun-
tuins, deep snow will cause a reduced lethality on impact bursts
of artillery and mortars, The vse of an increared amount of time
and variable time fuze ammunition should be considered,

b. Occupation of positions amd replenishment of ammunition
are much more difficult and more time-consuming than in level
country.

¢. In order for the field artillery o perform ity mission it will
frequently be necessary to bring field pieces into positions which
can be reached only by manhandling and roping. All gun crews
expected to operate in mountains should be trained in knots and
lashinga,
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d. In order for the artillery to provide eontinuous support {t
may be necessary to displuce more frequenily than in average
terrain. '

e. Artillery mortars emplaced with the aid of helicopters will
in all probability require further air support for ammunition
supply. The commander must alao consider that for displacement
the artillery pieces will again have to be moved by helicopter.

93. Coordination With Infaniry

Communication between artillery and the attacking echelon of
the infantry, and the coordination of its fires with those of
infantry heavy weapong require special care. The altacking
echelon needs hiphly efTeclive support up to the very peint of
penetration. Without such support it is likely to draw fire just
before reaching its objective. An infantry attack over rising
terrain is easier to support up to the moment of penetration than
one over descending terrain, although artillery fire may dislodge
rocks which will endanger the advancing troops. In the final
atage of the attack, machine guns and infantry may be the only
available support. '

94, Field Axtillery in Pursuit

In a pursuit through mountaing, artillery fire is needed to help
overcome the resistance of enemy rear guarda. In such action the
timely resupply of ammunition becomes the eritical problem.

95. Field Artillery in Defense

Artillery defensive firea in mountains must be carefully platned
and prearranged. Plans should include artillery or mortar fire
on the flanks and rear of units. Areas of enemy approach that
are in dead apaces for field artillery fire can usually be covered
by mortars.

96, Pasilions

a. Good gun pogitions are usually few in number. They should
he selected for defilade, cover and acceasibility to road nets. In
general, gun positions on commanding terrain are preferable to
low positions; they are better for performing antitank missions,
are less exposed to small arms fire from surrounding heights,
have less chance of being caught in rock slidea or avalanches and
reduce the amount of dead space in the target area. Care must be
taken, however, that positions on commanding terrain have
defilade. When speed in the occupation of positions is esaential,
a unit must often take the most convenient available position,
even a stream bed or the road itself. Reconnaissance for hetter
poaitions should be continuous and intensive, Camoufllage nets
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gshould always be used in open terrain. All men, vehicles, and
equipment in proximity to gun positions should be kept in
defilade,

b. When time is available, positions should be prepared with
. complete survey, including dend space charts, Wire communica-
tions should he installed or a eomplete plan and reconnaissance
made for their installation. Radio netg shonld be tested in their
gelected localion. Gun positions should be completely prepared
with emplacements, ammunition pits, dugouls for personnel, posts
for sentinels and complete camouflage, An initial supply of am-
munition should be stored at the gun positions. Routes of ap-
proach should be pioneered and improved. Observation posts
should be selected and prepared, Firing data should be prepared
for all prolLalle targets, Finally, a complete standing operating
procedure for occupation should be developed and rehearsed in
advance.

97. Observation

«. Observation posts should normally Lie on the highest prac-
ticable points. Care must be taken, however, to echelon them
in height in order to avoid the possibility of all ohservatlion
posls being blanketed by layers of clouwds or fog. At least two
forwird observers per fiving bullery are desivable, Tn heavily
wooded terrain, forward observers and linison oflicers should be
gupplied wilth lineman's elimbers,

b. In order that forward observers may reach the best points
of obgervation, it is often necessary that they be qualified as-
sault climbers. Forward observers and liaison officers and their
pariies, trained in assault climbing, can accompany the infantry
in ascending and descending the most diflieult mountains.

98. Use of Vehicles

. Motorized artillery will be confined to romds and trails, Since
this road net is vsually very limited, it is often advisable to strip
batteries of a8 many vehicles ag can be spared. Since the limited
roatd nely of mountainous regions are especinlly vulnerable to
enemy artillery fire and aerial bombardment, infiltration should
be the normal method of mareh. I is often dilicult 1o turn vehieles
arcunid on mountain roads; hence security aml reconnaissance
clementls should be fur enough ahead 1o determine the advisabil-
ity of moving beyond each Lurnaround point.

b. Self-propelled artillery, although able to negotiate sharp
turnsg and eapable of ascending and descending steep slopes, is
hampered by trucks slipping on iey roads. This disadvantare may
be partially overcome by the usge of grousers.
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e. When there is sullicient traction, prime movers with howit-
zers in tow can be driven down most grades. The vehicles should
be placed in lowest gear, A man with a large chock, stationed
heside each wheel of the truck and howitzer, provides emergency
stoppage for the vehicle. Two men should apply the howitzer
brakes, keeping them as tight as possible but not letting them
skid the wheel, A rope should be fastened to the uphill end of
the howitzer lo prevent it from “jackknifing.”

d. When the ground becomes too slippery or the grade too
dteep to provide traction all prime movera and howllzers must
be lowered by bleck and tackle or winch, In lowering by winch,
care must be taken to see that the automatic brake does not
overheat. Slow operation of the winch and proper adjustment
of the automatic brake will prevent this condition. In all descents
and ascents, weather and the steepness of the grade will be the
limiting factora,

929. Targels

Itecausge of the ditlicnlly of supplying ammunition, the selection
of targets and the allotment of ammunition are of great impor-
lance. Care must Le taken to aveld wasting ammunition on un-
profitable targets. Because of the decentralized nature of moun-
tain operations, targets warranting great masses of artillery fire
may be fewer than in other terrain. One type of target which
will be especially profitable, however, ia a narrow defile which
is being used as a route of supply, advance or withdrawal by
the enemy and upon which interdiction fire or heavy surprise
coneentrations can be placed. Another type of {arget often found
in the more precipitous mountains is that presented by a large
mass of snow or rocks above enemy positions. Such masses can
he converted iunle highly destructive rock glidea and avalanches
by artillery lire. '

100, Communicotion

The two principal means of communication, radio amd wire,
should Le supplemented by visual signaling. Manportable FM
radio sets shouldl be used for the observer and survey parties
and for liaison to the supported unit. Intelligent and energetic
use should be made of all available means of communications,

101. Fire Control

a. The problems of gunnery in mountainous terrain are char-
acterized by large angle of site, large areas hidden from ohserva-
tion, and the increased amounts of dead space.

b. High-angle fire should be employed to the fullest extent.
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e. The great majority of artillery fires in the mountaing must
be observed, especially clese support and defensive fires, Unob-
served fires are generally unreliable as meteorological conditions
chanpe rapidiy and registration corrections for high-angle fire
are vglid for only short periods, Accurate transfer of fires is
difficult since altitudes within transfer limits vary so greatly. If
an obaerved firing chart i3 prepared withont the aid of survey,
Lthe gun positions should be plotted on adjnsted quadrant elevi-
tiong ayg this will best account for the vuriance in site between
targeta and batteries. A grid sheet based on an meeurate survey
is the hest firing chart. Survey should he initiated #s soon as
pugsible. Registration on numerous eheck points Iy essential,

. Care should always be taken in messuring minimum eleva-
tion for all parts of the battery’s zone of fire as all high points
may be occupied by friendly oliservers.

102. Air Defense ﬁl‘li"ElT

.. Air defense artillery missions in mounlains are the sume
a3 thoae in other terrain, subject to modification of techmigues
caused by climate, terrain, and natutre of the operationa. Lack
0f roads may reduce mobility and make resupply operations more
difficult. Extremely cold weather cauges longer warmup times
for electronie equipment, use of snecinl heating devices for ready
misgiles, and, in gun units, it may be necessary to exercise weapons
at frequent intervals, Helieapter lift cupubilities ghould be util-
ized for resupply of missiles, ammunition and rations.

L. The types of air defenge artillery units employed in moun-
tuin operations are dictated by mission, terrain, and available
lrungportation, TOE often must be augmented to accomplish the
tasigned mission, Personnel and equipment must be made avail-
able well in advance to permit training uwnder conditions simdlar
to those anticipated in mouyptain operatinpy., Winterization and
maodification of equipment where necessary should be accom-
plighed nrior ta entrance into mountainous avens,

¢, Air defense artillery positions should be selected for their
taelical utility and considerstion of the logistieal faclory invelvad,
Air defense missile units ahonkd, 0 posaible, otcupy previonsly
prepured positions. Light alr defense artillery weupons mounied
on full track vehicles may occupy hastily prepared positions and
effectively nccomplish thele mission, In adverse terrnin, or under
winter conditions, it may bLe difticult to «ig in pogitions. Kxplo-
sives may he ysed to expedite protection of the position, or para-
pets may be Lnilt up from logs oy from iece and anow. Alternate
nositions should be chosen early and prepared as lime permits.
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d. Signal communications between fire units and the Army
Air Defense Command Post (AADCP) will normally be by wire
and backed up by radio. Army aviation may be used to lay wire
over otherwise inaccessible terrain. Masking of radio reception
in mountainous areas js a factor to be considered.

e. Both friendly and enemy forces will use aviation {o over-
come lack of roads, strengthen sigpnal communieations, improve
target acquisition, and to move and support small units, The S
40-mm M42 is designed to counter light aviation as well as low
flying high performance aircraft. As forward area weapons units
become available, they will be used to provide protection against
all types of aireraft at low or medium altitudes.

f. Surface-to-air missile unita uging nuclear warhends pro-
vide protection from any high altitude threat. Due to the elec-
tronic type equipment for air defense artillery fire control sys-
tems, personnel must attain a high state of training to perform
efficiently in mountain operations. Heated shelters may be re-
quired for maintenance personnel to perform their duties. Gen-
erators, fire control equipment, and launching equipment must
be operated at frequent intervals under extreme weather condi-
tions. :

g. Commanders whose force includes air defense artillery guns
should not neglect the secondary ground support role of these
weapons. These high velocity guns are effective in the elimina-
lion of prepared posilions such ns bunkera and pill boxes, and
provide additional harassment to enemy personnel. NIKE-HER-
CULES missile units also furnish a surface nuclear capability,
in addition to their primary air defense role.

Section Ill. ARMOR

103. General

a. Mountainous terrain generally limits the use of armored
vehicles to roads and trails. Small areas may be found where
armored vehicles can get off roads and fight across country, but
these areas usually are few in number and may be mined. Many
times a small amount of engineer work will permit tanks to move
to advantageous firing positions in the roughest types of terrain,
thereby gaining tactical surprise. The normal mission of tanks
in mountain operations is to furnish support either Ly direct fire,
by counterattack, or by antitank defense. :

b. Adequate logistical support for armor units engaged in
mountain operations is extremely difficult. Roads are usually
few in number and requirg a great deal of maintenance, It ig
often necessary to use helicopters to effect resupply.
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¢. Mountainous terrain presents many communication prob-
lems. Radio ecommunication, particularly on FM sets, may be
affected by high ground between stations. It is difficult to lay
field wire. Radio communication must be improved through the
use of relay and retransmission stations. Ultra-shortwave equip-

‘'ment, if available, is more effective in mountains than other
types.

104. Employment

@, In mountainous terrain, an armor altack must be planned
in minute detail. The nature of the terrain may permit tanks to
supporl altacking infantry with relatively long-runge direct fira,
This requires excellent radio eommunication and thorough co-
ordination between the infantry and tank units.

b. Key terrain features are primary objectives, Attacks along
low ground are usually costly because the defender has excellent
obsgervation. The reoute of an attucking force normally will be
along ridge lines or on other elevated terrain. On such terrain,
the altacking force in many cases will gain taclical surprise. A
great deal of engineer work may be required in order to place
lanks on high ground where they can closely support the attack,
It may e necessary to build a trail from low ground to the at-
tack position. When mountainous terrain containa corridors which
are favorable to the attack and which permit employment of
armor, armor may attack down the corridors while infantry
units atlack along the ridge lines.

¢. Available reads and trails must be kept in as good repair
as possible, to permit the movement of armor. Tank dozers and
bridging materiul must be kept well forward.

i, No more armored vehicles should be taken forward than
are required for immediate operation. Having uncommitted ar-
mor vehicles in forward areas causes unnecessary damage to
roads and may create tratfic hazards for resupply vehicles.

g. It decisive armor action becomes possible, the armor forces
are commitied in mass, closely supported by ariillery and engi-
neers. Objectives are usually critical points on the hostile routes

of supply and withdrawal, the capture of which would isolate
the enemy forward position,

Section V. ARMY AVIATION

105. Characteristics

¢. The tactical two-place Army airplane is light in weight. It
can maintain a constant observing altitude at speeds as slow as
BO-60 miles per hour, but it can also reach cruising speeds of
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90-105 miles per hour for flights on more extended missions.
The design characteristics permit this airplane to operate in
and out of small, hastily prepared air strips.

b. The multiplace utility and light transport airplanes are
provided primarily for taclical missions, with n secondary ca-
pability of supporting administrative needs. Like the tactical
two-place observation airplane they too have the capabilities of
slow flight, higher cruising speeds for more extenced missions
and design characteristiecs which permit them to operate in and
out of amall, unprepared sirips not a groat deal lonpger than
those needed for the observation nirplane, They also have grealer
range.

¢. The multiplace command airplane is used chiefly in an ad-
ministrative role. Its missions require flights over grenter dia-
tances than those required of the tactical two-place airplane.
Generally, it operates between improved airfielda; however, it is
capable of operating on relatively smooth, unimproved sod fields.

/. The helicopter is the most versatile of the types of Army
aireraft now available. Its speed ranges from zero tv approxi-
mately 100 miles per hour. It can rise and descend at exceplionally
steep angles, hover over a point and fly forward, backward or
sidewise. These flight characteristics permit it to operate from
landing areas Larely larger than its own dimensions.

106. Air Operations

When formulating plans for operations in the mountains,
the possibility of sudden changes in weather must be considered.
Alternate plans are prepared and alternate positions for air-
transported forces are selected in the event the first chojee be-
comes unattainable due to adverse weather, Large landingz zones
are rare becnuse of rough terrnin: therefore, if a Inrge foree js
to occupy only a few terrain features, it may have to be shuttled
into position. Transport helicopters can place a security echelon
on critieal heighlas and at distances unattainable for troops mov-
ing on the ground. Within their altitude limitations, helicopters
are valuable as movers for direct fire support weapons., They
can move these weapons to tlominating terrain. Army aviation
can be used to provide observation over wide areas in defilade
from friendly forces and to perform surveillance missions be-
tween friendly strong points. Dead spaces in radio reception may
be overcome by establishing serial radio relay stations and ajr-
craft may be used to lay wire over otherwise inaccessible terrain,
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107. Employment of Helicopters in Mountain Operations
a. (Feneral.

(1)

(2)

(3)

In mountain operations, terrain limits ground mobility
and makes logistic support difficutt. Helicopters may be
used to facilitate troop movement and to effect logistic
support heyond the capability of other means. The ini-
tial planning staff for mountuin operations should in-
clude the unit aviation officer.

The principal tactical advantages of helicopter employ-
ment in the attack are rapidity of movement, surprise,
flexibility and operational depth.

The employment of helicopters for mountain operations
does not require any major change in proven prineiples.
Decisions as to the utilization of helicopters for tactical
and logistical purposes, the extent of the utilization
and priority of use are commund ¢lecisions.

b. Special Considerations.

(1)

(2)

(3)

(4)

(8)

AGO 1002GH

Due to the high altitude, helicopter operations in moun-
tainous terrain are characterized by a decreused lift
capability compared to that atluinable at lower alti-
tudes. When computing lift capabilities, the ability of
the helicopter to operate at the point of discharge must
be a determining factor. A helicopter, capable of lifting
a load at a lower altitude, may not be able to execute
a safe landing at a higher altitude,

In mountain operations, helicopters may take advan-
tage of the protection afforded by terrain, thereby re-
ducing vulnerability to ground Are and air attack and
permitting the attainment of surprise.

Helicopter operations in mountainous terrain may re-
quire frequent use of maximum power setting, which in
turn causes abnormal engine wenr. Because of this fre-
quent use of maximum power setting wndditional] atten-
lion to preventative maintenanee is required. The char-
acteristics of the lines of logistical communication in
mountain operations muy require that major mainte-
nance be conducted at rear hases,

Carygo handling may he diifienlt Jue Lo mountuinous
slopes or limited landing site areas, Extensive use of
aling loads, power hoist and free drop technique may
be neceasary.

Landing sites may be limited in area, thus reducing
the supply and or evacuation rate per loading site.
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(6)

(7)

(8)

(9)

Helicopters usually have an inereased lift capability in
cold weather, However, it must be remembered that
even in cold weather as altftude increases ajr density
decreases, causing a loss of engine power and a reduced
amount of lift on rotor blades.

Severe cold sometimes encountered In mountainous areas
complicates helicopter maintenance and supply. Special
shelters are required for maintenance personnel, while
engines require an external source of prestart power
anil heat. Engine operations may be hampered by im-
proper fuel vaporization and icing. Frost may form on
aircraft surfaces. Landing gear not kept on dry sur-
faces may {reeze in place,

Special equipment used for helicopter operations in the
cold includes: skid type landing gear, winterization kits,
external heaters, engine preheaters and external power
suurces,

The above congiderations are not intended to underrate
the capabhilities of the helicopter in mountain operations,
but to emphasize the requirement for specially trained
aviation personnel to operate and maintain the aircraft
and to advise the commander on their use,

108, Landing Site Selection and Preparation
a. Landing Site Scleetion Considerations.

54

(1)

(2)

Concealment.

For most efTective helicopter operations, landing sitea
and flight appronches thereto should be shielded from
enemy vbservation, either by masking terrain or wooded
areas. If it is impossible to conceal helicopter activity
with these natural terrain features, it may be necessary
to lay smoke beiween the site and possible enemy posi-
tiona during the time the gite ia in use. Consideration
should alao be given to the employment of camoullage
devicea to deny the enemy the capability of locating
landing sites by aerial observation.

Location.

Landing sites should be located in such a position that
risk of encirclement or infiltration by the enemy is held
to a minimum. Landing sites that are to be used pri-
marily for supply and resupply should be located in
close proximity to desirable storage or dump areas to
minimize ground movement of cargo after it is delivered.
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(8)

(4)

(5)

(6)

AGD 10088H

Size.

Appropriate landing site size is determined by the type
and number of helicopters to be accommodated. Both
rotor diameter and wheelbase must be considered when
choosing landing sites. Even though the helicopter’s
landing gear will rest on a relatively small plot of
grounil, a larger area clear of obstructions is still re-
quired to preclude the possibility of damaging the
rotor(s).

Approches and exils,

It is undesirable to establish landing sites in locations
that require vertical ascent or descent by helicopters
opernling from them. ITelicoplers require a vather large
amount of reserve power {o climb vertically after take-
off or to control a vertical descent; and this of course,

" decreases allowable payload. As an example, to permit

more elffective use of helicopters, paths of approach to
and exit from landing sites should be at least as wide

- a8 the rotor diameter of helicopters operating from them

plus an extra margin of 60 feet. These paths muat be
clear of communication wire and all other obstacles,
There should also be an area clear of high obstrnelions
(30 feet or higher) exlending at least 150 feet in tLhe
direction of approach and exit paths (300 feet if the
landing site is situated where it is likely to be shellered
from prevailing winds). This gives the helicopters an
opportunity to gain forward velocity before they have
to commence extended climbing.

Takeoff and landing direction.
Since helicopters can take off and hover with less power

" (hence more allowable payload} when they are headed

into the wind, landing sites shoulidl be selected that
provide adequate apuce for helicopler pilots to maneuver
into 1the wind in order to take advantape of its effect.

Sotl eondition.

Dry, barren areag of pround should Le aveided if pos-
gible because dust clouds creuted by rotor blast may
reveal helicopter activity to the enemy. Also, such dust
clouds will tend to blind the helicopter pilot and ground
personnel in the vicinity. These unfavorable conditions
also exist when operating in snow. In general, areas of
hard ground, solid rock or prass are the best natural
landing areas for helicopters. -
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(7)Y Tuopography.

Landing siles, to Le utilized for continued or repeated
operations, should be as flat as poasible (slope gradient
not to exceed 4°). Slones of 4° to 20° (cargo helicopters)
or 4° to 10° (observation and utility helicopters) may be
satisfactory landing ritea on an emergency basis by
utilizing proper landing technigque. Touchdown hovering
(a procedure whereby 1 or 2 wheels are placed on the
ground but a full landing is not executed) may be ac-
complished on sloping lerrain in exceas of this, Exireme
caution must .be exercised in the performance of this
type of operation. The limiting factors in this maneuver
are (ensity altitude, groas weight (the airerafl must
be able to accomplish hovering) and sufficient ground
clenrance for the rotor system which muat remain hori-
zontal

(8) Obstacles above ground.

e e ey 1 = e e - = o —

Type alroeall Landing elie Ol=lnclen -
MN-11, =28 ... .._...|20 yds, by 20 yds. | For each foot of rise of an ohatacle
H-19, HU-1________ [30 yds. by 30 yds.| a distance of 15 feet is desired
H-21, H-34 .. _ .. ____ |30 yda, hy 50 yds.| from the point of takeoff or

H-37 .. B0 yds. by 70 yda.| landing.
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b, Preparation of Landing Sites.

(1) The nmount of elfort exerted toward improviong landing
sites will depend on Ltheir intended use, T'he procedures
discussed here are primarlly for aites in forward areas
that are to Le used infrequently or possibly for only
one emergency mission, Even though no elaborate prepa-
rations are neceasary for this type of operation, the unit
commander should realize that the state of development
of sites adjacent to his unit will greatly influence the
relinbility of support he receives from helicopter units.
Inasmuch as site locations seldom will be found that
aatisfy all requirements, some preparation will usually
be required.

(2) If trees must be cut to clear a landing site or approaches
thereto, stumps in the immediate vicinity of the land-
ing spot muat be cut level with the ground because of
the poasibility of puncturing the bottom gide of the
helicopter fuselage. Also, it is seldom desirable to pre-
pare a wooded aren by burning because of the dust
problems that will be created,
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(8) Landing sites may be prepared on the sides of hills by
blasting a ledge. However, the slope gradient men-
tioned in «(7) above must be considered when prepar-
ing such pites.

(4) Even though the terrain surrounding the troop unit's
position ia hilly and wooded, a suitable landing site still
may be prepared. First, enough trees are felled in the
vieinity to provide a clearing for the site. These are
then wedged among the stumps on the lower side of
the slope to provide a foundation for lhe site, Earth
above the proposed site is then dug out and filled in
around the tree trunks on the site. Care must be talken
to insure that the filled-in portion is solid enough 1o
support the weight of a cargo helicopter. For security
reasons, the site should not be cleared or filled more
than necessary so that its position will not be easily
detectable by the enemy. Nor should the ground be duy
up unnecessarily, thereby creating a dust hazard,

{H) Sitea in cleared areas, lelds, deserty, and roadways are
castly prepared for landing. However, when extremely
dusty conditions prevail, it may be desirable to prepare
the ground with oil or some olher form of soil stabilizer.
Small trees are felled, holea filled in or marked, and
all lcose rubble or objects cleared from the avea. Loose
objecta such as inadequately secured panels may be
drawn into the rotor system and cause damage, or loose
rubble or debris may be blown against personnel on
the ground resulting in injury.

(6) Tt is especially important that all communication wires
strung between trees or across valleys in the vicinily
of landing sites be removed or lowered to the ground.
If the wires are in use and cannot be strung along the
ground, they must be marked. Thisa can be done with
atrips of eloth of hirhly contrasting ecolor hung across
them at intervals o as to make them clearly visible to
the pilot during takeoft amd landing but not exposed to
enemy observation,

e, ILanding Site Marking.

(1) A boundary is outlined around the usable portion of
the landing site and may be constructed of matevials
at hand that have definite color contrast with the sur-
rounding terrain. Appropriute materiuls include stand-
ard cloth panels, whitewashed rocks or logs, partially
buried. ecanas, lighta, and flares. Any devices nsed nheed
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to have sullicient weight or be adequately anchored to
prevent their being blown around by rotor hlasts.

(2) A method of identifying the unit occupying the site
also is desirable. The method to be used ia set forth in
unit SOI's. ldentifying marks may conasist of a number
coded symbol that indicates the site number and the
unit occupying the site. If possible, landing site identi-
fying marks are elevated to make them plainly visible
to low-flying helicopters, or of guflicient size to permit
recoprnilion from a distance of about one mile, and are
made of highly contrasting material to permit easy
loention, When landing sites are not in use, it may be
desirable 1o remove boundary and site identification
markers to aveid location by the enemy.

(3) Each landing site should be equipped with a means of
indicating wind direction and wvelocity. Two possible
methods which may be employed are—

{(a} A piece of lightweight cloth, having color contrast
with the loeal terrain, mounted free of obstructions
several feet above the ground,

(b) Smoke grenades placed in a spot where the smoke
does not obscure the landing site from the helicopter
pilots.

d. Reporting Eslablishment of Landing Sites, When a unit
egtablishes a landing site, it should immediately report its com-
pletion to the appropriate aviation and ground command. A map
is normally maintained indicating all completed landing saites.
All units concerned are informed of the identifying mark as-
signed each site as well as its location by grid coordinates.

Section V. ENGINEERS

109. Mission

@&. The conditions of mountain warfare require that a large
proportion of troops be engineers. Great emphasls must be placed
on roules of communications, and defensive measures are also
usually of measured importance. Mountain roada and trails re-
quire extensive construction, improvement, maintenance, and re-
pair to withatand the increased traffic and severe weather con-
ditions. The lack of local material and the difficulty in operating
heavy engineer equipment, coupled with enemy defensive activi-
ties such as destruction of bridges, construction of obstacles, and
emplacement of mines complicate and increase the problems of
maintenance and construction. Stream crossing operations be-
come extremely difficult and must often be accomplished by ex-
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pedient means. In extremely rough terrain, cableways and tram-
ways often offer the most dependable means of supply and
evacuation,

% b. Engineers may assist in the organization of the ground and
the layout of defensive positions. Well planned demolitions, both
conventional and nuclear, obstacles, and mine fields are especially
profitable in mountain warfare because of the difficulties en-
couniered in their reconstruction and removal. Bngineers will
be extenaively employed in these operations. Positions constructed
in rock are strong and offer good protection but require consid-
erable time and equipment. Moat mountainous areas are poorly
mapped- and recovery and -establishment of geodetic control is
often a major problem. Other engineer missions which are em-
phagized in mountain operations include the construction of
shelters, provision of landing strips, and, in some areas, supply
of potable water. In order to efficiently accomplish ihe work
asgigned to them, engineers must be supplied with mechanical
aids such aa compressors, power drills and saws, Lhulldozers, large
amounts of explosives, and adequate transportation.

110. Training
The training of engineer troops in mountain operations should
include, but not be limited to the followings:
Rigging demolitions in rock formations.
Tramway and cableway construction.
Camouflage, (especially in snow areas).
Physical conditioning.
Assault climbing.
Mountain road construction.
Use of helicopter aireraft in engineer operations.
. Stream crossing operations, including the use of expedients.
Fixed and floating bridge construction.
Obstacles.
;. Mine warfare.
Field fortifieations.
m. Water supply.

= ek AP R
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111. Engineer Reconnaissance

Engineer reconnaissance should precede all operations but not
deluy them, Rugged mountain Lerrain makes field reconnaissance
time-consuming and dangerous, Aerial reconnaissance is emplha-
sized, although small dismounted details may bLe successful. Ter-
rain analysis for routes, traflicahility, and local materials ig of
gpecial importance in mountain warfare. Specially trained en-
gineer terrain analysts furnished with reconnaissance informa-
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tion and air photo covernge have the enpnbilily of Mirnishing
informalion quickly aml wilth a wenlth of detail unavailable by
other means, Relationships between vegetation and soil eonditions
resulting from terrnin evaluation aid the engineer in his deter-
minalion of Lraflicnbilily nnd sources of materiala. Stereoplotling
instruments are used to furnizh contour maps, while special en-
gineer intelligence overlayvs may be prepared to give information
of tratlicability, construction sites, and materials,

112. Road Construction

#. Development of extensive road systems in mouniainous re-
grions should be avoided, Initial plans for road nets should include
the improvement of existing roads and trails, Trails will normally
Le developed or improved to accommodate, initially guarter-ton
Lrucks, and eventually, heavier vehicles, Turnouta installed every
quarter mile, or more frequently, will reduce trafiic congestion
on single lane roads or trails ('I'M 5-250).

. The construction of roads in mountainous terrain is one of
the most important duties of an engineer unit. Roads should nor-
mally follow contour lines and avoid crests of ridges. However,
in mountainous areas, ferrain, wenather, and other overriding
reasons often require the use of crestlines for roads except when
the tactical situation prevents their use. Routes should be se-
lected with special regard to cover and the speed with which
the roadsa c¢an be put into service. Abnormal gradients on roads
may be required initinlly to insure that construction will main-
lnin pace with the tactiecal operaltions. Roulea shonld hypass
marshy spots and localities which require excessive rock blast-
ing and movement of large boulders, Cut-and-fill type roads on
glopes will usually result in the best road and moat eflicient em-
ployment of available equipment. 1f the road is to be used during
the winter, plang for its location and alinement should ineclude
consideration for eliminating or minimizing snow drifting.

¢. Advantage should be taken of natural routes to reduce the -
amount of cutting and eribbing. Locally available timber may
be used for eribbing both the downhill and uphill side of the
roicl. The air ecompreasor and bulldozer should be used to the
fullest extent acknowledging that compressor efficiency decreases
with increase in altitude. Drainage shourld receive increased em-
phagiz due to abnormal slopes, damaging thaws, and heavy rains.
Roadbeds on a hillside shoulid be banked to the inaide to eliminate
cross road drainage and prevent loss of equipment over a bank
ag a result of skidding.

. In certain mountainous areas it may often be imposasible
te make full use of normal engineer heavy equipment in road
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and Dbridge construetion, execution of demolilions, and prepara-
lion of obstacles. In such cases, reliance must be placed upon
hand labor and light equipment. It may often he necessary to
idd to the normal allotment of hand tools and to supplement or
replace construction machinery by specinl light equipment. The
type und quantily of such speeial equipment will vary with the
situation, but can usually be determined by proper prior planning
and possible engineer reconnaissance.

¢. Aceumulations of surface water wive considerable trouble
to roud builders. Loealities where it is present should be pre-
pared for drainage, either by plicing a culvert ncross the roud,
or a heavy subeourse of large stones to allow underground drain-
age, This condition may alse be counteracted by corduroying the
road in that loeality with timber poles or logs. Maximum use
must be made of crosging or bypassing expedients which re-
quire little material. Culverts, either prefabricated or built on
the gpot, and fills may often be substituted for bridges. Special
attention will necessarily be given 1o snow removal during the
winter months. This will entail the use of additional engineer
troops and snowplow equipment.,

113. Bridge ond Stream Crossing Expedients

Standard bridges and stream crossing expedients arve described
in I'M b-10 and TM 5-271. Special bridges and other crossing
expedients useful in mountain operation are—

. Iranches Covered With Snow, Snowshoe, ski, and foot
troops cun use brinches covered with snow as a crossing ex-
pedient to traverse shallow streams.

h. Ice, By laying braiches, straw, grass or logs on the ice,
damming both sides of the covered arca, flooding the area with
wiler, and allowing the area to freeze, ice can be reinforced and
used ug u crossing expedient (TM 5-560).

¢. Rope Crossing (fip. 7). A rope crossing or hand hauling
line requires that an experiznced mountain climher go ahead 1o
eatablish Lhe anchor on the fur side of Lhe crevice or ravine to
e crogsed. A snaplink attachment made 1o the hamd and foot
rope from a rope around the waist of the mun crossing may be
used to provide additional securily. The construection of a rope
footbridge (fig. 8) is fully deseribed in TM 5-279).

. Suspension Iridges and Cableway. Suspension bridges and
cableway expedient bridging (fig. 9) are fully deseribed in TM
§-27D and TM 65-270. Natural anchors are preferable; however, if
# iree iy Lo be used, ity fivmoess is of Lhe greatlest importance, Trees
srrowing on generally rocky tervain should be treated with sus-
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Figure 7. A rope groasing.

Figure 8, Repe foothridge.

picion since their roots normally are shallow and spread out along
a relatively llat aurflace, in which case additional support will be
required.

e. Swisg Bridge. The Swisa single bent (fig. 10) and double
bent (fig. 11) bridges are support bridges for infantry and pack
trains respectively. This type of bridge, used for crossing moun-
tain streams, and swamp areas, can be constructed quickly from
local materials or materials easily hand-earried along mountain
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trails. This bridge obviates the necessity of foot troops wetting

their clothing and equipment in fords, a dangerous practice dur-
ing cold weather,

(1) The bridge is constructed from natural timber 8pars,
3 or 4 inches in diameter and approximately 20 feet
long. Planks or amall round timbers can be used ag the

walkway while wire, rope or vines cah be used as
laghings,

(2) The construction crew consgists of one platoon of combat
engineers divided as follows: one squad as a cutting
party, one squad as a carrying party, and one squad as
an erecting party.

Figure 10, Single bent Swise bridge.
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Figure 11, Dauble bent Swies bridge.

(3) The cutting party cuts timber 8 or 4 inches in diameter

at the butt and ranging in length from 15 to 20 feet.
This party also trims the branches,

(4) The carrying party cuta spars to length and carries them

to the bridge site. Timber requirements are as shown in
table I; the quantity of pieces depending on the num-
ber of bents to be used.

Table . Timber Required for Oune Beut of Swuisr Bridge.

Numiler of length Narenalnliire
tiimbeern (sret)
Single bent bridge {foot 2 16 Leg spars
troops only). 1 10 Strinpger spar
1 20 Anchor apar  (Tor end
: bent),
Double bent bridge {(foot 4 16 Leg epars
traops and light equip- 1 20 Stringer apar
ment), 2 20 Anchor spar  (for end
. bent).

(6) While the cutting party is vbtaining the first spars,

the erecting party cuts and sets the anchor stake (or
stakes for double bent bridge) at the head of the bridge
site on the near side of the atream or croassing. The
assembly section igs the trench for the abutment spar,
if it iz needed. The carrying section assembles walks
and lashings at the bridge site., To prepare the firsat
bent, lash two leg spara together about 114 feet from
the top with a shear lashing. When lashing is socure,
(1) separate the legs (2) place the stringer spar at a
predetermined distance from the butt ends, and (3) lash
the legs and stringer spar together using a square lagh-
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ing. This bent is ready to he placed in position as the
first transverse support of the bridge. A ridge spar and
the anchor spar are then temporarily lashe:d to the top
of the bent. Additional bents, Lo the numbey vequived,
are prepared. The bents are spuced according to the
lengih of the plank to be used zs a walk, squared to
the center line and raised. The vidge spars are lushed
securely to the shear and the wullway is then laid.

(6) The lashing of one endl of the anchor spar aut the top
of the bent is secured; the opposite end iy lashed to
ihe unchor stuke, Wheve Lwo vidge spuvs overlup, o
permanent lashing is placed until both are in position.
1f no planks are available, round timbers may be sub-
stituted as a walkway. Rope i3 suitable for use as hand-
railsd,

{7} The doulile hent bridge will stand in deep und swift
watey without appreciable dumming effects, since there
are few spars which are in the stream to cateh daebyis,

114. Demaolitions

e, For most demolition work in the mountaing, the principles
of 'M 5-206 arve adequate. A few variations ure found to apply
in the case of hardwood trees and in snme types of soil, Blasting
# hardwood tree with an Inlernal charvge gives excellent results;
in such casey test shoty should be conducted to determine pddi-
tional amonnt of explosives requirei,

h. Tor demelition in rocks and rock soils, normil procedure
applies, except that fissures are often found which have 1o be
well filled and tamped with earth. A fougasse made with rock
and explogive can be very effective if used on routes of uyp-
proach in valleys. It may be command fired or set off by a firing
device,

115. Ohstacles and Mines

tt. The use of obstacles in conjunction with the natural ragge«d-
ness of mountainous terrain can be effectively employed 1o sleny
the enemy key terrain locutions and to delay and impede his
movement, Well planped atomic demolition munitions oy con-
ventional demolitions at tunnely, bridpes, and saldehill cuts on
roads or railronds may require days or even wecks for recon-
struction,

b. An allucking force must know in what areas antilank or
anlipersonnel mines are likely to be used, and be prepared Lo
deal with them. Mechanical mine exploders are of little uge in
the mountains and there jg as yet no sabstitnte for ithe removal
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of mines by hand or demolition in place after they have been
located by the employment of detectors, visual inapection, prob-
ing, or &8 combination of all of these methods.

¢. In general, a defending force layas antitank mines mixed
with antiperaonnel mines in the comparatively narrow approaches
* to its position which are passable to tanks. On slopes not pass-
able to tanks it employs chiefly antipersonnel mines, paying
particular attention to logical approaches for foot troops. In
mountainous terrain, scattered mining techniques will be utilized
more frequently than patterned mining techniques. In all cases
mine fields will be sited to effect channelization of enemy ellorts.

d. For details of obstacles, and mining laying and removal,
see TM 5-220 and FM b-31.

Seclion VI. MEDICAL

116. Principles of Operation

a. The principles of operation which control the movement of
troops in the mountains as prescribed in FM 100-5 hold true for
the medical service as well as for the combat armas.

b. The principles set forth in FM 8-10 should be followed to
the extent permitted by the situation, since central contrel when
practicable is more eflicient than decentralization. When combat
units adopt tactica based on the mancuverability of semi-inde-
pendent small units, either on the offense or defense, it is essen-
tial that the medical service be sufficiently flexible to adapt to
the situation. The utilization ol organic medical service person-
nel and equipment must be planned to provide the maximum
unit level medical service under the given situation. The tactical
situalion, the nature of the terrain, and the need for rapid move-
ment along the chain of evacuation, must be considered in plan-
ning the employment of unit level medical service.

117. Battle Group Medical Platoon

The battle group, when operating in mountainous terrain, is
often decentralized to such an extent that a centrally located
aid station may be impractical. In mountain warfare or similar
types of operations, it may be necessary to divide the treat-
ment section into two smnll aections, capable of minimal treat-
ment, which will permit operation of two aid stations in direct
support of the battle group. This division will limit the capabil-
ities of the treatment section, and should not be adopted unless
impossible to find other solutions to the problems, Additional
equipment will be required if such a division of the treatment
gection is necessary. '

.1, AGOD 10038R



118. Aid Stations

@. In mountainous terrain there is usunally adequate conceal-
ment and defilade to allow the mediecal platoon to establish the
aid station(s) close to the front line troops. If one station is
operated, it should normally be located as close as possible to
Lhe fighting troops and generally in the center of Che haltle group
area. If the medical platoon is required to operate more than
one aid station, each aid station should be given a specified area
of responsibility, and located centrally and as far forward as
poasible in support of the troops for which the station is respon-
sible. The term *“centrally located” does not necessarily mean
the geographical center of an area. Many factora such as ex-
pected casualty rates, lines of drift, roads, or paths for evacua-
tion of the station, terrain features having a direct influence on
litter cavry, and others, must all be considered in determining &
central location for a given area. The following advantages are
obtained when proper consideration is given to the location of
aid stalions:

(1)} Relatively short or easier litter hauls.

(2) Closer liaison between the front line units and medical
eztal:lishments in support.

(8) Closer contact with company commanders which af-
fords greater ease in following changes in the tacticul
plan.

(4) Inecreased rate of evacuation,

(5) Additional adequate shelter.

b, Casualties will be sorted, given necessary emergency medi-
cal treatment, and if desipnated as evacuees, provided with shelter
and warmth until transportation is availuble. Speed of evacua-
tion is of paramount importance.

¢, When the treatment section is divided, it is desirable that
the evacuation section be augmented with additional G-man litter
teams. The additional service troops personnel reguired to aug-
ment the medical platoon litter squads may be recrnited from
all available sources, including the use of indigenous personnel.
This augmentation should be completed prior to its actual need.

119. Company Aid Men

Asg in normal situations, aid men will be furnished to the com-
panies by Lhe treatment section of the medical platoon. The normal
distribution for aid men is five (6) per rifle company, one (1)
for headquarters and headquarters company, and one (1) per
mortar bullery. When eritically short of medical personnel, this
allocation may not be possible. Reallocation of aid men to meet
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existing eonditions may help in solving this problem. Insofar as
possible, aid men should always be attached to the same company
to encourage close relationship between them and the men of
the company. Emphasis should be placed on training the aid
mah in hazards of cold and wind, relationship of these factors
_ Lo the problem of shock, eonservation of body heat and improvised
methods of providing warmth, to include the construection of
small windbreaks and shellers,

120 Collecting Peints

t. In mountainous terrain it will often be necessary (o con-
sider the establishment of collecting points, Theae colleclion
points operated by medieal wid men, are designated intermedinle
pointa along the route of evacuation where casualties may be
gathered, Two of these collecting points may be operated by the
aid men alloented to the headguarters company of the battle
group. Whenever casualties are to be transferred from one type
of transportation to another, there is a requirement for a col-
lecting point of this type.

I, Defilade positions are abundant in mountainous areas. Col-
lecting points should be established as far forward as possible,
while maintaining an adequate contact between the battle group
and the various medical services, A collecting point. may be
established behind each of the battle group aid stations, or a
centrally located point may be operated, whichever will insure

the most ellicient medical service and provide the greater relief
to lilter bearer personnel,

¢. The litler bearer haul should be kept to an absolute mini-
mum and vehicular tranaportation used wherever possible. Maxi-
mum use should be made of helicopter evacuation, but the battle
grroup surgeon should never limit his plan so that he lLecomes
abrolutely dependent upon evacuation by air. Evacuation plans
must be sufliciently flexible to insure the accomplishment of the
mission when helicopters are not available,

d. Collecting pointa should be movable and should be placed,
whenever possible, away from any diiflicult terrain, Collecting

pointa along routes of march should not he established routinely,
but only if—

(1) It ia certain that these points will be in terril‘.nry unier
secure control of friendly forces.

(2) The number of severity of wounded justifies such =n
point,
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121. Medical Battalion

The tactical problems of the ambulance company an the clear-
ing company of the division medical battalion in mountain op-
erations are similar to those encountered in fat terrain. Lack of
grood road nets will add to the difliculties to he encountered by
the medical battalion. Basically, the clearing compuny should
estublish one or more clearing stations in support of the aid
station of the battle groups. These should be as close as possible
to the stations supported, yet must be situated so as fo permit
ensy evacuation by the unitd in support, Utilization of the #/-ton
ambulance forward of the division clearing stalion may, at times,
be impossible. Personnel normally employed in this link of the
chain of evacuuation may then be used as litter bearers or as
supervisors of litter bearers furnished Mrom other sonvces, 1*roh-
lems will arigse, but by maximum utilization of personnel and
equipment, the division medicul battalion can give adequate sup-
port to the battle group medical facilities within ils area of
responsibilily. '

122. March Procedures

Compaty ail men accompuny their respeclive compitnies on
any march, By map or route reconnaissance, the battle group
surgeon will establish casualty collecting poinls along the ronle
of march. These collection points should Le sheltered areas which
have been marked in such u wuy a8 to be eusily recognizable by
litler bearers. Enlisted personnel of ihe medical platoon will be
designated to take charge of these points. A minimum of two
men per point should be used. Just prior to the start of the
march, the men whoe have been assigned as collection paint al-
tendants will join the head of the column. Ag the head of the
column passes each collecting point, the personnel who have lyeen
assigned fo the peint will drop out of the column and yemain af
their point until relieved. Specific regponsibility of the collecting
point attendants ghould include pdministering necessary emer-
gency treatment, providing adeguute heat ani shelter, and re-
guired supervision of casualties evacuated to the collecting point.
Casaulaties who are evacuated to these collecting points may be
evacuated by ambulances belonging Lo either the battle group or
Lthe division.

123. Equipment

a. Operations in mountains require medical personnel Lo carvy
additional equipment. Items such a3 ropes, pitons, piton hammers,
and snuplinks are all necessary for Lhe evacnulion of cusunltics
and eslublishment of treutment stulions, All unnecessary ilems ol
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equipment including those for which substitutes or improvisa-
tions can be made should be left behind. Heavy tentage, bulky
chests, extra aplint sets, excess litters, and “nice to have' medieal
supplies should be atored. Such medical supplies, if stored should
be readily available to the battle group surgeon by airdrop or
other means of transportation upon his request. Medical items
that are subject {o freezing should not be exposed to the low
temperatures experienced in mountainous areas. When freezahle
items must be man carried, losses from freezing may be reduced
by packing chemical heaters with the supplies or by having the
individualg carry the items beneath the parka.

b. In order that forward medical installations may be able
to maintain a satisfactory level of medical supplies, all person-
nel, vehicles, and aircraft going toward the front should, when-
ever possible, carry small amounts of medical supplies and
equipment such as whole blood, blood substitutes, dressings,
blankets, litters, etc. Equipment and supplies necessary for the
establishment of a small aid station can usually be man carried.
Smaller supplies and equipment may be rolled in blankets and
these rolls either lashed to packboards or carried in partially
folded litters. In addition to normal medical items, it is advis-
able to carry a few shelter halves, two hand axes, two or three

nylon climbing ropes, and some snaplinks for each medical sta-
tion to be established.

124. Shelters

Since the transportation of heavy tentage may be impractic-
nble, sheltor Tor ensuallies must be improvised in order Lo pre-
vent undue exposure of the wounded. In the summer or in warm
climates improvisation may not be necessary, but since there
is a close relationship between extreme cold and shock, medieal
personnel should always be conseious of the necessity of providing
adequate shelter for casualties. Satisfactory shelter may be found
in caves, under overhanging cliifs, behind clumps of thick bushes,
in ruing, ete., or they may be built using a few saplings, evergreen
boughs, some shelter halves, or similar items. The time factor
will often have strong influence on the type of shelter used. When
casualties are to be kept overnight, a better weather-proofed shel-
ter must be constructed. Detailed information on shelter for cold
weather operations may be found in FM 31-70.

125. Evacuation

@. The evacuation of wounded in mountain warfare presents
varied problems. In addition to the task of carrying a casualty

to the nearest medical installation, there is imposed the difliculty
of movement over rough terrain,
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b. The proportion of litter wounded to walking wounded is
increased in mountainous terrain since even a slightly wounded
individual may find it extremely difficult to elimb over the rugred
terrain. Because of this added exertion and increased pain, it
‘may be necessary to transport a casualty by litter who would
normally be able to return to the aid station by himself.

¢. In cold weather and in high mountains, speed of evacuation
ig vital as there is a marked inerease in the possibility of shock
amonyg battle casualties when injuries occur in extreme cold,

d. Special consideration must be given to the conservation of
manpower, Litter hauls must he kept as short as the taelieal
gitualion will permit. A litter team is not capable of currying a
casualty over mountainous terrain for the same distance as over
flat territory. In order to decrease the distance of litter haul,
all forward medical installations should be as close as possible
to the troops supported.

e. It iz important to be ahle to predict the number of casualties
thut can be evacuated wilh availuble persomnel. IL has been
demonstrated that when the average terrain prade exceeds 20°
to 26°, the Four-man litter team is no longer efticient and should
be replaced by a six-man tenm, The average mountain litter team
should be capable of climbing 400 to 500 verticul feet of averape
mountain terrain and returning with a easualty in approximately
1 hour.

f. Another factor to be considered is the problem of evacuation
at night. Wounded should be located and evacuated during the
day, us many would not survive the rigors of the night on a
mountain during cold weather. Night evacuation over rough
terrain is penerally impracticable and the resulls are rarely com-
mensurate with the effort. It should be attempted only when
the route has been reconnoitered, marked with tracing tape, and
a rope hand line installed. If routes are exposed to encmy observa-
lion and fire by day, casualties must be removed from the area
ut night. When required, casualties should be moved only as far
as necessary during the night. At the first point affording shelter
from enemy observation and fire, a holding station should be
established eapable of providing shelter, warmth, food, and sup-
portive ecare. Casualties should he brought from the forward
areas to this point, held until daylight, then evacuated further
to the rear. :

g. The many difficulties of medicnl evacuation encountered in
mountain operations emphasize the advantages of air evacuution
of casunliies. 1t cannot be assumed that helicoplers or light air-
eraft will always be readily available for evacuation of casualties
from front line areas. Both the helicoplers and the light aireraft
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which are organic to Army organizations provide faster, more
comlortable and, in the end, more economiecal transportation for
casualties than other methoda which might be used. The reduc-
tion of time lapse between injury and treatment has such =a
direct effect on the time required for recovery and the final re-
sults of the treatment that the use of the most rapid, most
comfortable, and the safest means of evacuation is actually manda-
tory. The fact that airlift may not be available due to weather,
vnemy enpabilitios, Lterriin fentures, maintenanes problems, and
olhers, are the factors that prevent the surgeon [rom relying

nlmost entirely on aircraft for the evacuation of ecasualties in
rough, mountainous terrain.

126. Plan

The first and most important task, before evacuation can be
instituted, ia a thorough reconnaissance of the terrain features
and the road network in the area. To this information is added
# consideration of the prevailing climatic econdition, the facilities
and personnel available, and the tactical mission. Only after
all these faclors are assembled and evaluated can a sound
medical evacuntion plan be formulated, The following factors,
peculiar to mountain operations, should be given consideration
prior to making the final selection of evacuation routes:

a. Snow and ice are firmest during the early morning hours.

b, Glacinl or snow fed streams are shallowest during the early
merning.

¢. Chamnels of mountain streams afford poor routes of evacua-
tion because of rough slippery rocks and the force of the mov-
ing water,

t. Talua slopes should be avoided as they are diflicult Lo trav-
erse. Loose and slippery rocke on such slopes will often cause
litter bearers to fall, drop the casualty, with posasible injury to
all.

e. When possible, routes should be chosen just below the crest

of a ridge since these trails are usunally easiest to follow and the
ground affords the best footing in such areas.

127. Principles of Evacualion

@. The methods of evacuntion deseribed in later parngrapha
are not necessarily the only methods to Lbe employed. Although
they have proven themselves to be satiafactory, they are all sub-
jeel 1o improvement wd shoukl be disearded ns Letter melhols of
handling casualties are developed.

b. In evacuating a easualty from mountainous areas—
(1) Belect the smoothest available route.
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(2) Avoid unnecessary handling of the casually.

(8} Protect the casualty from falling rock by placing his
helmet over hir head.

(4) When the route of evacualion is long and arduous, a
series of relay posts or warming stations should be es-
tablished. These stations must be stuffed with the mini-
mum medical service personnel to permit proper emer-
gency trealment of shock, hemorrhare or other emerp-
gency condition.

(6) When a casualty develops new or increased signs of
ghock while being evacuated he should be left at one
of Lhese stations until such time as his condition war-
rants further evacuation.

(6) Ambulatory casualties may move rapidly on skis. Skis
are readily available as splints for suspected or actual
fractures. Also several skis locked together may be
utilized as a field expedient in lieu of a 200-pound sled.
Then skis covered by several field juckets make an ade-
quate litter. :

(7) When the situation warrants and the terrain is such
that oversnow vehicles can be ulilized, the M-59 heated
personnel carrier i8 an efficient means of evacuating
ensualties,

128. Special Training

a¢. Prior to training in basic mountain evacuation, litter teams
should receive instruection in assault elimbing.

b, Litter bearers and aid men must be thoroughly familiar
with the use and care of rope as an item of equipment.

¢. The members of litter teams must become thoroughly pro-
ficient in the technique of belaying, and in the choice of helay
points. When evacuating a casualty over extremely diflicult ter-
rain, this knowledge will often be required to pgive proper sup-
port and protection to casualties and litter bearers.

129. Preparation for Evacuation
(fig. 12)
¢, To prepare a litter for use in extremely rough tervain—
(1) Place a stick, 16 inches long and at least 1 inch in
diameter along each hinge brace und fasten it securely

lo ench sLirruap with wire or strong cord. Lash the
stick to the brace along the length of the stick to pre-

vent the hinge joint from collupsing.

(2) Pass 8 to 10 feet of the end of & climbing rope through
one litter stivreop, bringing il svonnd and through again,
forming o round turn,
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(3)

(4)
(6)

Secure a l-inch by 16-inch stick in place against the
litter brace by two half hitches, one on each side of the
hinge joint.

A round turn is then made on the opposite stirrup.

Tie the end to the long part of the climbing rope with
a bowline knot belween the canvas of the litter and the
upper ends of the handles.

b, The end thus prepared becomes the head of the litter.

e. (1)

(2)

(3)

A easunlly muay be lnshed to the litter in a wvariety
of ways dependingr on the route of evacualion, the condi-
tion of the ensualty, and other similar factors, 1f the
route ig ghort and relatively easy and the casualty is
able to proleel himself, no fixation will be necessary.

On the other hand, if the evacuation route must pass
over a clifl, down a steep slope, or if the casually is
unconscious, he must be securely lashed to the litter.
In gecuring a cnsunlly to n litler, Lhe pelvie bonea lend
themselves mosl favoraldy to the tie since injuries of
the leg, abdomen, chest or arms will not be involved in
the procedure. A blanket is folded like a diaper over
his abdomen. This eases materially the pressure caused
by the sling at the points of contact. Four 12-foot nylon
sling ropes are used. Two to lash the upper part of the
body and two for the lower part. A team of two men
is most eflicient, one man working on each side of the
litter. The upper part of the body is lashed first., Two
sling ropes are used, tied with a bowline on the upper
part of the legas in the croich. One sling rope on one
leg and the other on the opposite.

The ends of the ropea are then brought diagonally across
lhe Dbody, under the arms, to the stirrups on the op-
posite sides of the litter, passed through the stirrup and
a round turn formed, brought across the chest to the
opposite stirrup, another round turn formed, the rope
brought back across the chest and tied off with a aquare
knot. If the ropes are not long enough to reach across
the chest and back again, they will be tied off on the
chest after the first round turn on the stirrup. To tie
the lower part of the body, sling ropes are tied to each
of the upper stirrups with a round turn and two half
hitches, brought diagonally across the body to the stir-
rup on the opposite side of the litter at the foot, and
round turns made on each stirrup. The knees of the
casualty are bent slightly and the feet drawn back.
The ropes are brought from the stirrups and wrapped
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around the feet, bringing the rope across the botiom of
the feet first, to act as a platform. Tie off with a square
knof on the bottom side of the feet so that the knot
will not form pressure on the arch of the foot. The
knees are then pushed down tightening the ropes.
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Figure 12, Mcethod of fastening belay vopo to litter.

(4} In the event that the casually is wrapped in blanketa
or a sleeping bhag, the above method cannot be used, A
elove hitch is made with one loop about the small of
the patient’s back and the other loop about his hips, just
below the buttocks. The running end from the upper
loop is passed through the upper stirrups and across
the caauvalty’s chest and secured. The running end from
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the lower loop is passed through the lower stirrups and
secured over the casualty’s legs in a similar fashion
(1igr. 1:3).

Seeuringe binly 10 hend of litler

Frgwre 13, Seenving easnalty to fitter,

130. Ascending and Descending Slopes

a. In ascending a sieep slope the litter is prepared and the
casualty immobilized as described in paragraph 129 (fig. 14).
Two litter bearers take their places at the head of the litter, and
a third, using the litter aling, takes his place at the foot. A thin
sapling passed through the stirrups and extending 18 inches on
either side of the lines affords a more secure grip for the two
litter bearers at the head of the litter. The fourth and fifth men
Lake their positions along the extended rope which is in the hands
of the sixth, or belay man. At the signal UP ROPE, the fourth,
fitth, and sixth men pull while the others lift the litter and slow-
Iy climb. The men carrying the litter should not try to do
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Seeuring hegs Loy firot of litter

Figure 14—Continuel,

Migitre I.n.";. Steep slope evacuution —ascending.
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all the work, but allow themselves to be pulled up the slope while
they hold the litter off the ground. Men exchanpge positions at
each halt so that the work will be distributed equitably. When
each helay point is reached, the litter is placed on the ground
and & new belay position farther up the slope ia taken,

b. In making the descent, the litter and casualty are prepared
- a8 deacribed in paragraph 129 (fig. 15). One man acts as belay
man and another takes his position on the rope, assisting him in
lowering the litter. The three litter bearers take their positions
as for the ascent. The sixth man may assist with the litter or
precede the team, picking a trail, making the passage more
negetiable by clearing away shrubs and vines, and making a
reconnaissance so lhat the team need not retrace its steps if
a cliff should be encountered. In making the deacent, the most
dlirect practicable passage should be taken. All available trees and
rocks should be used as belay positions,

Figure 15, Steep slope evacuation—descending.
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¢. If the slope is relatively free of underbrush or trees, a three-
man team may be used. In this procedure skids are placed under
the litter. Two saplings, each 15 to 20 feet long and about §
inches in diameter at the heavy end, are eut. The small ends are
secured to the stirrups and litter brace at the foot of the litter;
the butt ends are secured inside and to the stirrups at the head
of the litter (1, fig. 16). In this manner, the butt ends of the sap-
lings project about 9 to 14 feet beyond the head of the litter and
act as the foot of the litter. The second and third men are
belay men, relieving each other as the rope is paid out, by assum-
ing successive belay positions (2, fig. 16). In this way the deacent
need not be interrupled while Lhe beluy position is being changed,.
Using this method of evacunation, it has been demonstrated that
a casualty can be evacuated 200 to 250 vertical feet in about 10
minules and that vertical faces of rock 4 to G feet high can
be descended without difficulty.

Figuve 18. Litter ravois,

131. Cliff Evacuation

a¢. Evacunation via eliffa ahould be used only when abaolutely
necessary and only by experienced personnel. The cliffs with the
smoothest faces are chosen for the route. In this method, at least
five 120-foot ropes are necessary,
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. The preferred method to be uscd requires only four litter
liearers, five 120-foot nylon climbing ropes and four 12-foot nylon
sling ropes, The litter is prepared by placing a stick at least
16 inches long and 1 inch in diameter along each hinge brace
and fastening it securely to each stirrup with wire or strong
cord. Two poles B to 10 feet long and about 4 inches in diameter
are used as runners. The poles are attached to the stirrups by
1ope or wire; at the points of fixation, notches are made so that
the rope or wire will not e worn unnecessarily by Iriction, The
belay rope is attached nd the casually secured to the lilter ns
described in paragraph 129,

¢, "T'wo litter bearera remain at the top of the cliff, one Lo belay
antl the olher to transmit signnls amudd directions. The remaining
lwo litter bearers, after each gecures two rappelling ropes to suit-
nble anchora at Lthe top of the eliff, each grasp one of the handles
at the foot of the litter and working with the man on belay,
ense the litter over the edge of the cliff. Aa the man on the belay
follows the signals and directions of the litter bearer who re-
mained on the cliff, either playing out rope or holding the litter
in position, the two rappellers guide the litter down the face of
the cliff (fig. 17). Upon reaching the base of the cliff the two
rappellers carry lhe fool of the litter away from the cliff as
the man on belay genlly lowers the head of the litter unti] it
too s on the ground. This method can be worked very amoothly

by a trained team with no added danger to the casually or the
hearers.

d. An alternate melhod which may be used is: The casualty
is secured to the litter in the usual manner. Two poles, B feet
long, are cut from iLreea with a diameter of 4 to 6 inches, and
uzed ns runners. Bolh ends of the poles are beveled. The poles
are attached to the stirrups by rope or wire; at the points of
fixation, notches nre made so that the rope or wire will not he
worn unnecesanrily by friction. A rope is attached to each stir-
rup at the foot of the litter for use as guy ropes in order to
prevent the litler from spinning during the desecent. The litter
is lowered vver the clilT by two men, while a third man belays it.
Meanwhile a fourth man escorts the litler on the descent by
rappelling down a rope which parallels the route of evacuation,
and nassistas the litler over. projecting obstacles. The guy ropes
are held taut by the {ifth and g8ixth men who take widely separat-
ed posilions at the bollom of the cliff. They can also help 1o enae
the litter over protruding rocks by stepping away from the
cliff and adding lension to the guy rope. As the litter approaches
the boltom of the cliff, the puy rope operatora approach the
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Figure 17, Cliff evacuation—descent.

litter, meanwhile maintaining tension of the ropes, and when
close enough grasp the litter handles and lower it to the ground.

e. The same procedure can be used in evacuating a casnalty
up a cliff except for the following variations:

(1) An additional man will be needed at the top of the
cliff to help raise the litter up and over the edge.

(2) The guy ropes must be attached to the atirrups at the
head of the litter, instead of the foot.

(3} In the case of an overhanging cliff, a sheays {(A-frame)
must be constructed at the top. See FM 5-10 and TM 5-
220,

132. Carriers

a. Casualties who are not seriously injured but cannot negoti-
ate a descent by themselves may be carried down by a carrier
who is belayed from above. The carrier, in making his descent,
leans away from ihe slope as much as possible and walks side-
wise allowing the belay man to support him. Facing the alope
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amdl descending backwards shonld be avoided since it leads to
unneeesanry Tnlls, By keeping his lover leg well braced, keeping
the weight of the casually high on his back, and by grasping
trees and rocks, he enn deseend very steep alopes wilth velnlive
ense,

h. To zecure the easually to a cearrier with a rope, the carrier
reats on his hands and knees while the casunlly straddlea his
back (iig. 18). A 12-foot length of 7{,-inch nylon sling rope is
vsed, The cenler of the rope is placed under the casanliy’s but-
tocks. The right loose emdl is passed under Lthe carrier's right
armpit, acrosas his chest, over hia left shoulder, and under the
casualty’s left arm; the left loosg end is passed under the car-
rier's left armpit, across his chest, and over his right shoulder,
antd under the casualty’'s arm, and the tie i3 made across the
casualty’s back, If the carrvier suffers from the pressure of the
rope against his chest, the rope may le crossed hehind his neck
instead of over his chest, before securing the ends around the
casualty. The carrvier's shoulders should be padded to prevent
cutting by the rope.

Figure 18, One-men carry using rope sling.

. An alternalive method is {o use two pisto]l belts hooked
together and draped over the carrier's shoulders, The casualty
straddles the carrier and Lhe belay man secures the loose ends
ol Lhe pislol balls wieder the ensualty’s butlocka, Slackness in the
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pistol bell sling should be avoided, since the carrier i3 muost
comfortable when the casualty resis high on his back. See FM 8-
36.

133. Pole Carry

The pole-carry meihod should only be considered as o last
resort, since il is very diflicull foy the litter bearers Lo handle, and
very uncomfortuble for the palieni. s use is advisable only
when narrow ledges must be traversed, The casnally is wrapped
in two blankets and suspended from a 14d-foot pole by a rope,
pistol belis, or web belig. In suspending the casualty, all excess
slack should be avoided, since it increases the sidesway during
curry., A two-man team, one on each end of the pale, carriea the
cusualty., 1f ithe pole is long enongh, a4 four-man leam may be
used.

134, Evacuation From Trees

It is best to use two men for the evacuation of wounded
from trees, although one can accomplish the task by himself if

Figive 10 Tree ewacualion—mcthad of seewrivg cosnafiy with rope,
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necessary. Casualties in trees are usually either tied in place
and cannot help themselves, or else have fallen and become
wedged in such a way that they are helpless. One man climbs
the tree, taking one end of the rope with him. He passes the rope
over a branch in the tree above the position of the easualty and
then ties a bowline on a bight. 1le slips one loop over euch thigh
of the casualty and then with the same rope ties a bowline around
the casualty’s chest. A man on the ground belays the casualty
and lowers him from the tree, The first man escorts the casualty
in his descent and prevents his movement from being impeded
by intervening limbs or branches,

135. Horizontal Hauling Line
(fig. 20)

a. The horizontal hauling line iz one of the most complex of
the various methods of evacuation discussed so far. It is pri-
matily used in those cases where a steep slope or cliff has to be
passed and where, at the same time, there is an intervening
obstacle such as a swiflly running mountain stream. It ean also
be used to span a chasm when bridges are demolished, This
method should be instituted only where there will be a con-
siderable number of casualties, such as at a warming station

-
,<> - RETRIEVING .L-, &

e

Figure 20. Evacuation by horizental hauling line.
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or collection point, and should not be installed for the evacua-
tion of only one or two. It can be used to lower or raise casualties
over the obstacles, The hauling line is installed as follows:

(1)

(2)

By means of a bowline, a 1-inch manila rope is secured
to a tree far enough from the edge of the cliff (6 to
10 ft) to permit freedom of movement by the medical
parsonnel. (n the opposite side, the other end of the
rope i3 passed around another fixed point (tree, bouldey,
or possibly a wvehicle) and, by means of a transport
knot, is pulled as taut as is necessary. All traverse
rope should have a certain amount of slack. When
manila or siaal rope is used, a & percent sag should be
ullowed to avoid undue fatigue from developing in the
rope,
(e) To suspend the litter, two snaplinks are nlaced
upon the traverse rope and one long litter carrying
atrap attached to each. A lower and upper retrieving
rope is attached eilther to the litter stirrup or to
the respective snaplinka. In the latter case the loose
ends of each rope are tied together above the center
of the litter ao that, when drawn up or down, both
snuplinks move simullaneously.

(0) If snaplinks are not available, two empty adhesive

(3)

tape spools, 1-inch wide, may be ulilized and the long
litter earrying straps affixed to them. If these are
used they should be placed on the traverse rope be-
fore the rope is fixed at both ends.

After the casualty has lbeen secured to the litter, the
litter is raised and the litter carrying straps or sus-
pension ropes are passed through the stirrups and
fastened together or else secured to the opposite stir-
rup.

b, The operation of the hauling line is as follows:

(1)

(2)

AGO 10036H

Ascent. Three men can easily raize the litter along the
traverse by pulling on the upper retrieving rope. The
pull should be steady and amooth {n order to prevent
jolting and sway.

Descent. A gentle pull on the lower retrieving rope is
enough to break the inertia and let gravity do the rest.
During the descent, the men on the upper side should
control the speed of the descent through their retriev-
ing rope. It may be necessary to pull the casualty the
last few feet when the litter nears the low point of the
slack in the traverse rope.



136. Evacudation Across Streams

Mountain sbreams or rivers are relatively ahallow, bul pos-
sess sbrong rushing currenls, In addition, the beds are often
strewn with boulders covered by silt and mossy growlhs which
afford very treacherous footing, To cross mountain streams

safely, the element of sapport to the individual is of great im-
|:ulf.41m:{!. To altman this, two ropes are Lied to Lrees on one
banle and then pullid as taut as possible around trees on Lhe
opposite bank; the inferval hetween ropes should be aboul |14
feel. The Tour litlter bearers take their uanal positions at cach
handle of the litler and then, by placing themselves between
the ropes, place their free arms over their respective ropes and
lean on them. These ropes will afford sullicient support for the
team to eross the stream without mishap. In the case of a two-
man team, the litler bearers take their positions between the ropes,
place their arms over the ropes 8o that the support is the armpit
of ench man, and then raise Lthe litler. A two-man team shoul
use litler slings. When a very swift current is encountered,
rope may be altached to the litter and two additional men lend
support by pulling the litter across while it is supported by the
four litter bearers.

137. Expedients for Evacuation in Snow
(N 21)

Although litter bearers mounted on snowshoes will usually
evacuate casualties on snowceovered mountaing, downhill evacua-
Ltion can be speeded up considerably when litter bearers are

ET

:..H.-I.wlra b ._- i ’ ': r. ". : == ‘_.

‘ -x i . I 1' E.I b _*-. J::Ir . ._ ﬁ X +18 .'|- A ‘,1.!1"’ ,.-u

; .-lI |.rl- | o s ' N E . . i } "‘
o R

t B . I. . va

Fligure 21, Freacwation using 200-pound afed.
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equipped with skis and a 200 pound capacily boat-type sled. For
details of evacuation in snow, see FM 31-70. A serviceable
emergency litter may be improvised in a few minutes by lash-
ing two packboards te & pole frame. & casnally can he securely
fastened to the litter by using the packboard straps. Any number
of wuys may be devised to uge availuble materials in making n
very satisfaclory litter.

138. Establishment of Litter Bearer Posts

a. It would be wise in many situations, if sufficient litter
hearers are available, to establish a chain of lilter pastg from
the forward aid stations back to a point where evacuation can
be takeu over by ambulances,

h. Each litter post should have one non-commissioned officer
and fonr lilter bhearers. However, when short of personnel, one
noncemmissioned officer could be used to supervise more than
one litter post. Each post is responsible for the evacuation of
all casualties received, including the next litler post to the rvear.
When returning to their post, bearvers bring Lack empty litters
anld other medical supplies which are required at forward aid
stations., This will permit- maximum use of available hearers be-
cause 4 piven number of bearers opervating in a chain of posta
can evicuate faur more wounded ihan can he aceomplished if
ench Jitler team atlempls Lo evacuale Lhe wounded from Lhe Tront
line aid stations to the rear, where ambulunces can pick them up.

¢. This aysiem was freguently used in mountain fighting Ly
poth United States and British troops. 1t allows bearers to func-
tion eontinuously since each huunl iy relatively short, and the men
hecome rested on their way baek Lo Ltheir posi. They also hecome
familinr with the short section of mouniain trail over which
they travel, This makes it possible for them to operate over
{he trail al nieht, and gives the wounded w much smoothey
ride. .

d. Thig aysiem is also of value because [t does away with the
strapgling frequently encountered when the same litter bearers
are used from the front lines all ihe way biack 1o the ambulance
leading noint. '

Section Vil. TRANSPORTATION

139. Generol

a. Reconnaigsance of the available road net will determine the
type and the maximum number of vehicles {hat can profitably
be employed in any particular mountain opevalion. Most of the
heavy lype motor vehicles are roandhound and limited to improved
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roads. Mountain roads or trails usually are unimproved. Bridges
are often narrow and of a {limsy econstruction and require re-
inforcement before they are adequate for military traflic. Few
roads are built on ridges where troops will operate.

0. Motor transportation in mountainous .terrain is usually
drastically reduced. Only those vehicles carrying loads which
cannot be packed should be allowed beyond a previoualy designat-
ed truckhead. The list of trucks to be left behind, which may
average two-thirds of the total, should be part of the atanding
operating procedure of each unit. When the mountains have
been crossed and the road net branches out, the trucks left behind
can be brought forward under convoy.

¢. Full advantage must be taken of the limited motor trans-
portation to move ammunition and rations as far forward as pos-
sible in order to reduce the high percentage of combat person-
nel required for packing and hand Carry.

d¢. Motorized and air reconnaissance may be advanlageously
employed in the large valleys.

140, Specific Problems

a. Traffic Control. Traffic control must be rigidly maintained
to prevent traffic congestion and delay. The responsihility for
establishing and maintaining traflic control must be delegated
to one person within the battle group and to the transportation
oflicer in division or higher headquariers. Telephones or radios
should be installed to provide traflic control on long stretches of
one-way road. Trailie jams ean be largely avoided if the Tollow-
ing precautions are taken: constructing turnouts for single lane
roads; establishing a block system for one-way roads; granting
of priorities to only the minimum eszential vehicles; preventing
turnarounds except on places especially prepared and designated
for that purpose; requiring troops to march off the roads. When
vehicles must pass each other on a narrow road, the one on
the safer side should move forward only after that on the more
dangerous side has pulled over as far as posgible and has come
to a full stop.

b. Maintenance, Maintenance of motor transportation assumes
unusual importance in mountain operations. Prior to and dur-
ing operations in steep terrain, the safety devices of all vehicles
must be checked continually, since failure on the parl of any
may have disastrous resuilts. Proper adjustment of brakes is
eapecially important. The emergency brake must be adjusted
so that is is capable of holding the vehicle on any alope without
the aid of gears or foot brakes, One failure which is extremely
dangerous when vehicles are descending steep slopes and depend-

88 AGO 100358



g vnl Lie Lraking power of the engine is the glipping out of gear
of the transmission. Winches should be checked for proper lubri-
cation and proper adjustment of the automatic brake. Engine
coolant must be checked closely because of probable overheat-
ing of the engine when operating over steep terrain. For in-

formation on aspecial care of equipment in extreme cold, see
FM 51-70.

¢. Movement on Steep Grades.
(1) Steep grades are constantly encountered in mountainous

(2)

terrain. All grades should be negotiated, as far as pos-
sible, by driving; winching should be considered only
as a last resort. Chaing are frequently necessary due to
the presence of ice or mud on the road surface.

Short, asteep pitches may be climbed by building up
momentum in the approach. Generally, however, steep
grades should be approached with a slow, steady pull;
when this procedure is followed, the vehicle will normal-
ly go higher hefore traction faila and winching muast
be resdorted to. When winching is necessary, the route
selected should provide frequent anchor points in the
form of trees or rocks. The more frequently anchor
points are used, the greater the mechanieal advuntage
that can be obtained by the use of snatech blocks, When
trees or rocks are not available, the ground-anchor can
be used. At each point where winching is necessary,
the use of one prime mover to winch other vehicles or
howitzers in turn as they arrive at that position is
recommended. When howitzers are being winched up
or down, the traila of the weapons should be downhill.
When winching on steep slopes, less strain is placed on
the winch if the gear of the vehicle being winehed is
placed in neutral, and. the winch allowed to pull steadily.
The power on the winch must not be engaged too sud-
denly, as this placea undue strain on the cable. Care
must be taken at all times to clear obstruction from
the route in front of the wheels,

(8) Further information on movement of prime movers and

howitzers on steep grades is contained in paragraphs
91 through 102.

d. Daylight Driving.
(1} In daytime driving on mountain roads, all vehicles
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should normally remain in open column heenuse of their
vulnerability to air altack. Exireme care must Le ex-
ercised on all roads because of the many sharp, blind
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(2)

curvesd und steep prades. All eurvea muoat be Ltaken ol o
specd which will ennble the driver to halt the vehicle
in half the visible road apace. Either up or downhill
grades should be taken in a pear ratio that will enable
Lhe wvehicle to take lhe entire hill without shilting,
Caution must be excercised to see that the speed of
Lhe vehicle does not exceed two-thirds of the speadl
(listedd on the chart in the cab of the vehicle)} for that
particular gear ratio. Hills should be descended with a
combination of braking and engine. Normally the same
geir should he used in descending a grade thal would
e used in ascending the grade. Neither should Le used
alone to Lbring a vehicle downhill.

Guides should be posted at dangerous places, eapecially
when backing and turning nre reguired, to pive di-

reclions lo each driver just before he starts to negotiate
Lhe diflicult section.

e, Driving at Night. lecause the danger of blackout driving

in mountains will often exceed the danger of enemy action, driv-
ing without lights on narrow winding mountainous roads should
be held to a minimum. When blackout driving is necessary because
of enemy observation it should be limited to those stretches of
road visible to the enemy. At these points signs and guides
should be posted to give special instructions to each driver as
he approaches. Trucks should be In close column, Only when
the driver can definitely see the road or the tail light of the
vehicle in front ia it aafe to drive without an assistant driver
preceding on foot. Lead vehicles should not exceed 6 miles per
hour,

20
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CHAPTER 4
MILITARY MOUNTAINEERING

Section |. GENERAL

141. Importance

Mililary mountaineering provides u means for operating on
rugged mountainous terrain., In such terrain there are three
ndversuries—the enemy, the mountains and weather., These ad-
versuries ean be overcome by using troops wilth specinlized train-
ing who are skilled in the use of special mountain climbing equip-
ment. :

142, How it is Used

Soldiers skilled in military mountaineering ean perform many
essentiul missions in difficult terrain, They cun serve us guides,
observers, snipers and as patrols, security elements and assault
Lleam members.

143. Effect on Deployment

An estimale of friendly or enemy capabilities in rugged terrain
is poasible only if the higher commanders are thoroughly familiar
with the capabilities of the mountaineer. All oflicers who ure to
operate in mountainous terrain must be oriented in this respect,
As many officers as possible, at least one per company or battery,
should hecome skilled military mountaineers.

144. Training Requirements

a. Specinlists. Troops prepaving for operations in mountainous
terrain should have climbing specinlistz in each company or
hattery and platoon, They will usuually function ns teams of three,
occusionally of Ltwo men. The men must have reasonable athletic
abhilily, vormal resourcefulness, mental Llonghness o little higher
Lhan normal, and no fear of heighl, Prospective climbing expoeris
should be selected with care.

b, Semitrained Climbers. Preparvation for mountain operations
is not complete until the unit commander knows how all his men
will react Lo cxposure to heighlt and to the oul-of-the-ordinary
musacular effort. A few hours of climbing for all men provides a
viluable index to each man's future reactions. Fach man is exposed

AGO 10361 q'l



lo unknown, and therefore frightening, dangers. Fear of falling
i3 a basic instinet, nnd may be as hard to overcome as fear of
enemy fire. Analysia of the man's reaction to height will enable
the commander to place those who do not overcome the Tear of

falling in a position where they will not jeopardize the safety
of the unit,

Section Il. BASIC TECHNIQUE
145. Mountain Walking -

Mountain walking can be divided into four different techniques,
dependent on the general formation of the ground to be overcome,
Included in all these techniques are certain fundamentals which
must be mastered in order to obtain a minimum expenditure of
energy and loss of time. These are: that the weight of the body
must be kept directly over the feet, and the sole of the shoe must
be placed flat on the ground. This is most easily accomplished by
taking small steps at a slow steady pace. If the flex of the ankle
is stiff and the gradient is tfoo steep to allow the heel to drop,
look for any little stone or excrescence, however small, to set it
upon.

a. Walking on Hord Ground. Hard ground is generally con-
sidered to be firmly packed dirt which will not give away under
the weight of a man’s step. When aseending, the above mentioned
fundamentals should be applied with the following additions. The
knees must be locked on every step in order to reat the muscles
of the legs., Steep slopes must be traversed and if necessary
climbed in a zig-zag direction rather than straight up. Turning
at the end of each traverse should be done by stepping off in the
new direction with the uphill foot. Thia prevents crossing of the
feet and possible loss of balance. In traversing, the full sole
principle is most easily accomplished by rolling the ankle away
from the hill on each step. For narrow stretches the herringbone
step may be used; that is, ascending straight up a slope with the
toes pointed out and using all the other principles mentioned so
far. Descending is most easily done by coming straight dewn a
slope without traversing. The back must be kept straight and
the knees bent in such a manner that they take up the shock
of each step. Again it must be remembered that the weight has
to be directly over the feet, and that the full sole must be placed
on the ground at every step. Walking with a slight forward lean
and with feet in a normal position will make the descent easier.

0. Grassy Slopes. In mountainous terrain grassy slopes will
usually be made up of small hummocks of growth rather than one
continuous field. Therefore, in ascending, it will be found that

97 AGO 10038



while all the technigues previously mentioned are applicable it
is better to step on the upper side of each hummock where the
ground is more level than on the lower side. Descending is beat
accomplished by traversing; at times a hop-skip may also be used
‘to advantage. The hop-skip is a hopping motion in which the
lower foot takes all the weight and the upper foot iz used for
balanee only. The hop-skip is also useful on hard ground and
scree when descending,

¢. Seree Slopes. Scree slopes consist of small rocks and gravel
which have collected below rock ridges and cliffs. The size of the
scree varies from sand to pieces about the size of a man’s fist.
Occasionally it occurs in mixtures of all sizes but normally scree
slopes will be made up of the same aize particles. Ascending acres
is difficult, most tiring and should be avolded whenever possible.
All principles of ascending hard ground apply, but each step
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Figure 22. Correct placing of foot in serce slope.

must be packed carefully so that the foot will not slide down
when weight is placed on it. This is best accomplished by kicking
in with the toe of the upper foot and the heel of the lower foot.
Coming down a straight line again is the best way to descend
seree (fig. 22). Here it iz important to keep the feet pointed
straight down as well as keeping the back straight and the knees
bent, Since Lthere is a tendency to run down scree, eare must be
{aken that this is avoided and eontrol not lost. By leaning for-
ward, greuter control can be oldained. When a scree glope must
be traversed and no gain or loss of altitude is desired, Lthe hop-
gkip should he ysed,

i, Talus Slopes. Talus slopes are similar in makeup to the scree
slopes, except that the rock pieces are larger. The technique of
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walking on talus is to szep on top of and on the uphill gide of the
rocks. This prevents them from tilting and rolling downhill. All
other fundamentals previously mentioned are applicable,

e. Generel Precantions. 1t is of the utmost importance that
rocks are not kicked loose, Falling rocks are extremely dangerous
to the men below and also make a great deal of noise. If during
a climb a rock is kicked loose it is important that the warning
word ROCK be given to allow those underneath an opportunity to
move out of the path of the rolling rock. Carelessness by one in
this respect can cause the failure of a well planned mission, aince
one rock no bigger than a man's head can kill or severely injure
several men as well as ruin all security measures. Stepping over
rather than on top of obstncles, such as rocks and fallen lops,
will help much toward avoiding faligue. Usually it will e fount
that talus iz easier to ascent and iraverse while scree on the
other hand is a more desirable avenue of descent.

146. Rock Climbing

a. Balance Climbing. Balance climbing is the type of movement
used to travel on steep slopes. It is a combination of the balanced
movement of a light-rope walker and the unbalanced climbing of
a man ascending a tree or ladder.

b. Body Position (fig. 23). The soldier must climb with the
body in balance, which menns that the weight should be in poise

CORRECT INCORRECT
Fignre 238, Correet and incorreet body position.
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over the feet or just aheail of them as he moves. The fect, not the
hands, curry the weight except on Lhi: steepest clifls, ‘I'he hands
are for balance. Feet will not hold well when the elimber leans
in toward the rock. With the body in balance the climber moves
with a slow, rhythmic motion. Three points of support, such as
iwo feet and one hand, for example, are used whenever possible,
Hand holids that are waist to shoulder hipgh arve preferuble. Relaxa-
tion is necessary because tense muscles tire quickly ; when resting,
ithe arms uare kept low where circulation is not impaired. Use
of small intermediate holda is preferable to stretching and eling-
ing to widely separated bir holds. A spread-eagle position, in
which & man siretches so far he cannot lel go, should he avoided.

Figure 24, Dagcent,
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In descents, the climber faces out where the gommg 1s easy,
sidewigse where it is hard, and faces in where it is dillicult. He

uses the lowest possible handholds (fig. 24).

e. Types of Holds.

(1) Pull holds (fig. 26). Pull holds are those that are pulled
down upon and are the easiest holds to use. 'They are
also the most likely to break out.

(2) Push holds {fig. 26). Push holds are pushed down upon,
help the climber keep his arms desirably low, but are

Figure 26. Push hold.
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more difficult to hold to in case of a alip. A push hold is
often nsed to advantage in eombination with a pull hold.

(3) Friction holds (fig. 27). Friction holds are those depen-
dent solely on the friction of hands or feet against a
amooth surface. They are difficuit to use because they
give a feeling of insecurity which the inexperienced
climber tries to correct by leaning close to the rock,
thereby increasing his insecurity. They often serve well
as intermediate holds, some of which will give needed
support while the climber moves over them, but would
not hold him were he to atop.

Figure £7. Friction hold.

(4) Jam holds (fig. 28). Jam holds involve jamming any
part of the bedy or extremity into a erack. This can be
done by putting the hand into the crack and clenching
it into a flst or by putling the arm into the erack and
twiating the elbow against one side and the hand against
the other side. When using the foot in a jam hold care
must be taken to insure 1that the boot I3 not jammed into

AGQ 100068 L r



28

the crack in such a way that it cannot be removed easily
when climbing is continued.

Figuve 88, Jowm hold,

(8) Combination holds. The holds previously mentioned are
considered bagic and from these any number of combina-
tions and variations can be used. The number of these
variations depends only on the limit of the individual’s
imagination. Here are a few of the more common ones—

Figure 28, Pinch hold and eross presanre between hands.
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{a)} The pinch hold (fig. 29), attained by pinching a pro--
truding part hetween the fingers.
(b) Pressing outward or pulling inward width the arms.

(¢} The lie-back (fig. 30) is done by leaning to one side
of an offset crack with the hands pulling and the feet
pughing sgainst the oifact side,

Figure 80, Lie-back.

(¢1) Inverted pull or push holds (fig. 31), sometimes called

underholds, permitting cross pressure between hands
and feet.

{(¢) Chimney climbing (fig. 32) where cross preasure is
axerted between the bhack and the feet or hands or
knees.

(6) Footholds (fig. 83). The service boot with rubber sole
will hold on slabs up to about 45 degrees. On ateep slopes
the body should be kept vertical, with use being made of
amall irregularities in the slope to aid friction. Foot-
holds less than 34 inch wide can be sufficient for inter-
mediate holds, even when they slope out.
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Figure 32, Chimney technigue.
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WRONG RIGHT POOR

FOR HARD GROUND OR ROCK SLAB
Figure 33. Footholda,

Figure 84, Shoulder ziend.
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(7) Shoulder stand (fig. 34). The shoulder stand or human
ladder, is used {0 overcome a holdless lower section of a
pitch in order to reach the easier climbing above. The
lower man is anchored to the rock and belays the leader
who uses his body as a ladder to overcome the difficult
pitch.

(B) Movement of slehs. Slab is a relatively smooth portion
of rock laving al an angle. When traversing, the lower
foot is pointed slighily downward to increase halance
and friction of Lhe fool. All irregularities in the slope
should Lie utilized for additional frietion. On asteep slabs
it may e neceasary to squat with the body weight well
over lhe [leet and the hands used alongside for added
friction. This position may be used for ascending, tra-
versing or descending. Do not lean back or let the but-
tocka drag as a slip will be the result. Wet, icy, mossy,
or scree covered slab is most dangerous,

d. Use of Holds. A hold need not be large to be good. The climber
must roll feet and hands over his holds, not try to skip or jump
from one to another. It is, however, often desirable while travers-
ing to use the hop step, in which the climber changes feet on a
hold so that he may move rideways more easily. A slight upward
hop Tollowed by precise footwork will accomplish this useful
step.

e, Marvgin of Safeify.

(1) A margin ol safely is the protective buffer a climber
keeps between what he knows to be the limit of his
alyility and what he actually tries to climb.

{2) The eclimber learns his margin of safety by climbing
cloge to the ground, or tied to a rope held or paid out by
a trained man above. He climbs first on the easy ani
obvicus holds, next on the more diflicult ones, and
finally on diflicult pitches until he reaches the limit of his
ability. :

(3) The margin of asafety should be calculated not only for
the pitch immediately ahead but for the entire climb.
The route and movements of the eclimber should be
planned encugh in advance so he never finds himsell in
rituntiona beyoiud his ability to overcome, The leader of
a group should know the capabilities of hiz men and
make allowances for their limitations.

147. Climbing Ropes and Knots

a¢. Purpose. Much of the climbing in military operations may
be free climbing; that is, without rope. However, on some steep
unbroken cliffs, where exposure is great, climbing with rope is
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necessary. Fixed roped and other aids may be needed as well,

b. Types and Characteristics of Ropes. Units engaged in moun-
tain operations will find use for several different types of rope.

(1) Nylon rope is most commonly used in elimbing. The
rope iz 7 ,-inch in diameter and is issned in 120-foot
lengths. The actual breaking strength when dry averages
3,840 pounds (5 percent variable factor). Strength is
reduced by 18 percent when the rope is wet.

(2) Nylon sling rope is commonly used in 12-foot lengths.
It is the same diameter as the nylon climbing rope.

(3) Manila rope, ¥-inch In diameter and larger will be used
in the construction of various types of riggings reguiving
greater length. This rope is better than nylon for sus-
pension traverses and rope bridges because it has less
elasticity. When manila rope is-bent sharply, as around
a snaplink, it loses a portion of its strength at the bend.

e. Care of Rope. Because the rope frequently is the elimber's
life line, il tdeserves a greut deal of cure und respect,

(1} The rope should not be stepped on or dragged on the
ground. Small particles of dirt will be ground between
ithe strands and slowly cut them.

(2) The rope should not be in contact with sharp corners
or edges of rock, which will cut it.

{(3) lecp the rope dry as much as possible. TF it has become
wet, dry as soon ayg possible to prevent rotting.

(4) Do not leave the rope knolted or tightly stretched longer
than necessary, and do not hang it on shurp edges such
ag nails, !

(6) When using rope in insiallations, (suspension traverses,
rope bridges, ele) do not let one rope rub againgt another,
as Lhis may eut and burn the ropes.

d. Rope Management (fig. 85). Before using a rope it should
he inspected for frayed or cut spots, mildew, and rot. If such a
apot is found, the vope should be whipped on bolh sides of the
bad spot and then cut. Climbing rope should never be spliced,
gince it will be hard to manage at the spliced point. The rope

Figure 85. Whipped end of rope,
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Figurc 86, Tie on coil of rope.

should always be coiled except when in actual use (fig. 36), New
¢limbing rope should be marked in the middle by tying a amall
piece of string around one nf the strands. New sling rope as well
ag any other rope that has been cut from a long piece should be
whipped at the ends.

e. Terms Used in Rope Work (fig. 37).

(1) A bight of rope is a simple bend of rope in which the
rope does not cross itself.

{2) A loop is a bend of rope in which the rope does cross
itself.

(3) A half hitch is a loop which runs around an object in
such a manner ag to lock itself.

(4) The running end of the rope is the free end of the rope.
(6) The standing part of the rope is the fastened part.
{6) The lay of the rope is the same as the twist of the rope.

Figure 87. Bight. Loop. Half hiteh,
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f. Knots. All knots used by the climber fall into four classes,
They are—

(1) Knots to lie the ends of two ropes together (fig. 38).
Examples of this type of knot are—

(¢) Square knot. The square knot is used to tie the ends
of two ropes of equal diameter together and must be
secured by a half hitech on each side of the knot.

{b) Double sheet bend. The double sheet hend is used to
tie the ends of two ropes together, whether of equal
diameter or not. It can also be used to tie the ends
of several ropes to the end of one rope. When two or

more ropes are tied to a single rope the double bends
are made with the single rope.

Figure 38, Square knot. Double aheet bend.

(2) Anchor knots (fig. 39). Anchor knots are used to tie
the end of a rope to any object. An anchor knot is easy
o tie and untie. Care must be used in selecting an
anchor knot that will not work itself loose when alternate
tension and slack are put on the rope. The round turn
with two half hitches and the clove hiteh may work lonse
under these conditions, whereas the bowline will not.
{(a) The bowline is also used to tie the end man into a
climbing rope and to tie stirrups in the end of a rope.
(b) The round turn with two half hitches.
(¢) The clove hitch.
(3) Middle rope knots (fig. 40). Middle rope knots form a
fixed loop or loops in the middle of a rope without using
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figure 80, Bowlive. Round tarn with twe holf hitehea. Clove hileh.

the ends. The butterfly knot is used for the middleman
in n roped parly and for tightening inatallation ropes,
(a¢) 'The butterfly will form a single loop.
(b) The bowline on a loop forms a double loop.

(4) Special knots (fig. 41). Examples of special type knois
are—

() Prusile knot, The prusik knot is tied with n small rope

around a large rope; for example, a sling rope around

4 climbing rope, in such a manner that the smaller

rope will slide on the big rope if there is no tension

applied and will hold if tension is applied on the

small rope. 1t is tied with a bight of rope or end of

rope. When tied with end of rope the knot i finished

ofl with a bowline. The prusik knot is used to anchor

a fixed rope to various anchors and in crevasse rescue
methods,
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Figave {0, Butterfly knot. Boiweline on « loap,

Overhand Eknof. The overhand knot is used to make
4 knotted rope for a hand line, to make the carrying
rope for & auspension traverse, and stivrups in tension
climbing, It is also used Lo temporarily whip the end
of a rope.

Bowline on « coil. The bowline on a coil is used by
the end man on a climbing rope to take up extra and
unnecesaary slack.,

Three loop bowline. The three loop bowline will pro-
vide three bights, two of which ean be adjusted against
the other one. It is used mainly for a 4-piton anchor
and in evacuation procedurea.

Figure-of-eight slip knol. The figure-of-eight slip knot
is usged as an anchor knot on fixed ropes.
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(fy Transport knot, The transport knot is used to secure
the tightening arrangement on rope installations and
consiats of a slip knot and half hitch.

148, Pitons, Snaplink, and Hommer

a. Purpose. In conjunction with rope climbing and rope installa-
. tions, pitons are driven into cracks in the rock to proivde—

{1} A sccure point on the clilf to which the rope may be
hooked by means of a snaplink. If the leading climber
falls, he may be held, pulley-wise, by & man below him.
Successive pitons are driven as the climber moves up-
ward,.

{2) Sccure points along the course of a fixed rope so that
it will give greater support to troops using the rope.

a—Erurik knot
b—Lrvechand knot

Figure 41.
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d—Threa loop bowline

Figure 4i—Continued

(8) Deadman anchor points for rope installations,

b. Types of Pitons (fig, 42). There are four types of pitons for
rock—

(1) Vertical, for flush vertical crucks,

(2) Horizontal, for flush horizontal cracks and for offset
horizontal or vertical eracks.

(3) Angle, for wide horizontal or vertical cracks. These
must be placed with the wide or open side down in
horizontal cracks and open side against either wall in
verlical crackas.

(4) Wafers for shallow cracks, vertical or horizontal.
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e—Figure-nf-cight alip knot
{==Tranaport knok

Fignre §1—Continued

¢. Plaeing of Pitons (fig. 43). Pitons are placed to increase
the climber's safety. If well placed and tested they will limit hia
fnll to twice the distance he is above the piton plus the amount
of slack the belayer lets run. In placing pitons the elimber should—
(1) Study the rock. See that driving of a piton will not aplit

or weaken it. Test rock for soundness by tapping with
hammer. In hard, solid rock select a crack which is wide

enough to admit 14 to 14 of the piton shaft before driv-

ing piton in. The driving of pitons in soft, rotten rock

ia not always practical. When this type of rock must be

used, loose rock from the crack should be removed before

driving the piton. In this type of rock it is not necessary

to be able to insert the piton into the crack as far as in
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ALl TLEGIE

solid rock. Select the right piton; the one that the rock
will support best and that the snaplink can be hooked
into after the piton is driven in.

Drive the piton. While driving wateh the rock to see
that it is not being weakened by further eracking. Watch
the piton to see that it goes in smoothly and notice if
the point hits a dead end. Listen to lhe piton's sound at
ench blow; good verticals and horizontals usually go in
with a riging piteh; wafer and angle pitons will have
no noticeable pitch #o long as the ring ig swinging free.
Drive the piton with moderate strokes, similar to a
finishing nail, Tt is advisable to have the piton altached

WAFER PITON FITCN HAMMER

HORIZONTAL PLTOM

VERTICAL FITON

SNAPLINK ROPE IN SNAPLINK

Figure 32 Mitous wnd swaplink,
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to the hammer thong or to the sling rope. If the piton
ia then knocked out of the crack while it is being driven,
it will not be lost. The greater the resistance overcome in
driving the piton, the firmer it will be. An appropriately
placed and well-driven piton into rock of average strength
will withstand a force of from several hundred pounds
(wafer) to more than 2,000 pounds (angle} exerted in
the direction a fall would take.

(3) Test the piton. Pull up several] feet of slack on climbing
rope, or use sling rope or piton hammer thong; snap
rope inte snaplink; grasp rope at least 2 feet from the
snaplink. Jerk vigorously outward, downward, and to
each side, meanwhile observing the piton. Repeat if the
test is questionable. Tap the piton. If the piteh has
changed much, drive the piton in as far as possible; il
the sound regains its original pitch the piton is good.
if not, drive the piton in another place.

. Snaplink. This is used to fasten the rope to the piton, and
it will hold a load of 2,000 pounds. When the gate is closed in
snapping it into the piton, the elimber should see that the enap-
link will not cause unnecessary friction as he climbs beyond it,
and that the gate is not likely to open accidentally due to pressure
of rock, rope, or piton. '

e. Piton Hammer. The piton hammer is uged to drive pitons.
The point ia used for chipping rock or ice and ecleaning out piton
cracks, and not for pulling out pitons. The hammer is too lightly
constructed to stand the stress. It is provided with a leather
ithong to secure the hammer to the body. When not in use the
hammer is carried in the hip or breast pocket.

f. Second-Hand Pitons. Pitons that have been used, removed,
bent, and straightened should not be used. In. training areas
pitons already in place should not be trusted, inasmuch as weather-
ing will looren them in time, but should be tested and redriven
until the climber is certain of their safety.

¢. To Remove Pitons. The climber should knock them back and
forth in the crack with a piton hammer or rock, and when they
are somewhat loosened, pull them out with a bight of the climbing
rope or sling.rope, or hammer thong, which has been hooked
into a snaplink. It is advisable to be well braced when pulling out
pitons, as they often come out very suddenly, and to see that no
one is cloze enough to be struck by the extracted piton,

149. Belays

a. Purpose. In party climbing two or three men are tied in
to a 120-foot length of rope. Belaying provides the necessary
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CORREGT INCORRECT ALTERMATE
Figure 48, Placing of pitons.

sufely factor or tension, enabling the party to climb with greater
security. Without belaying skill, the use of rope in party climb-
ing i8 a hazard, not a help. When any ote main is climbing, he
i3 belayed from above or below by another man who may use any
ane of several belaying positions, Belaying is also used to control
descent on fixed installations. A stutic belay is one which allows
noe running of the rope. A dynamiec belay is one in which ihe
rope i allowed to rum slightly and the fall is stopped more
gradually.
. Procedure for All Positions. The helayer must perform the
following duties:
{1} Run the rope through his pguiding hand, which is the
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hand on the rope running to the climber, and around
hia body to his braking hand, and make certain that
it will alide readily.

(2) Anchor himself to a reliable rock projection or well
placed piton, with a portion of the climbing rope or his
sling if his position is unsteady.

(3) Make sure remainder of rope is so laid out as to run
freely through the braking hand.

(4) See that rope does not run over sharp edges of rock.

(6) Be constanily alert to Lthe climber’s movements In order
to anticipate his needs. Avoid letting too much slack
develop in the rope through constant use of the guiding
hand. Gently tug the line running to the e¢limber, thus
sensing his movement. Avold taking up slack too sud-
denly, as this may throw the climber off balance. When
taking up slack the braking hand is not brought in front
of the guiding hand, but just behind the guiding hand.
This allows the braking hand to slide back and to re-
main constantly on the rope.

(6) Brace well for the expected direction of a fall, so that
the force of the fall will, whenever posaible, pull the
belay man more firmly into position. A climber should
neither trust nor assume a belay position which he
has not tested.

(7) Where necesaary, scek a belay posilion that ofTers cover
and concealment. '

{(8) Be able, in case of a fall, to perform the following
movements automatically:

() Relax the guiding hand.

(b) Let the rope slide enough so that braking action is
applied gradually. This is done by bringing the brak-
ing hand slowly across the chest or in front of the
body.

(c) Hold belay position, even if this means letting the
rope slide several feet.

¢. Belay Pogitions (fig. 44). There are three main types of belay
positions-—the sitting, the standing hip, and piton belays. All of
these may be made more secure when the belayer is tied with
& section of the climbing rope or the sling rope into a belay.
When the climbing rope is used, a buterfly knot is tied into the
rope which is secured with a snaplink and & piton. In using the
sling rope, it is passed through the anaplink and around the be-
layer and then secured by a square knot. In both cases it ja im-
portant that the anchor rope has the proper length without
slack so that the belayer will not be pulled out of his position
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when holding a fall. Generally, the belay rope is placed below
the anchor rope on the body to prevent rope-te-rope contact and
to speed up the getting into a belay for pitons,

(1) Sitting belny. This is normally the most secure and pre-
ferred position. The belayer sits and attempts to get
good trangular bracing by his legs and buttocks. Legs
should be straight whenever poasible, and the guiding
hand must be on the side of the better braced leg, The
rope should run around the hips. If the belay spot is
back from the edge of a eliff, friction of the rope will
be greater and will simplify the holding of a fall, but
the direction of pull on the belayer will be directly out-
ward, The rope should not pasa over sharp edges.

Figure 44. Sitting belay.

(2) Standing hip belay (fig. 45). Thia is a weaker belay
position and is only used where the sitting belay is
not possible. An anchor for the belayer is essentlal
The belayer takes up a secure, well braced position. 1f
possible, the back or shoulder is braced apgainst the
rock. The rope is placed around the hack above the
heavy portion of the hipa and in front to the braking
hand in such a way that the belayer ia pulled more
firmly into position when a fall iz held. Generally, the
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dlimbing rope is pluced biclow the anchor rbpe of the
belayer. :

Piton belay (fig. 46). As soon as the leading climber has
placed & reliable piton and placed his rope into a snap-
link which has been placed into the piton, the climber
givea the signal “Belay for Piton"” to the belayer. The
belayer should run the belay rope below his buttocks and
a low anchor in line with the direction of pull. The break-
ing arm should be extended. When a fall oceurs, both
knees ghould be bent to prevent the rope from sliding
above the buttocks. As much rope as neceszary is allowed
to slide through the hand while the braking hand is
brought in with steadily increasing resistance across
the body in a dynamic belay. A fall is easier to hold
with a piton belay than with a sitting or standing belay

Fligure 45. Standing hip belay.
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because of the added friction betwen rope, rock, and
snaplinks. For this reason it is essential that the belayer
use a dynamie belay to prevent the fall being stopped
suddenly. When belaying a climber in a traverse which
is near or horizontal to the belayer, ihe belayer must
anticipate a pull sideways and alraight forward, and

should place the climbing rope above hia buttocks and
be anchored in.

IJse of natural anchors. Where possible, Lhe leading
climber should pass his rope behind rock projections or
trées which can give the same proteclion as a piton. He
gshould avoid passing the rope over sharp edges or small
eracks where the rope could jam or cause too much frie-
tion. When a rock or tree balay has heen established, the

Figure {8, 1iton beluy.
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climber should signal “Belay for rock, or tree” as the
case may be and the belayer assumes a piton belay
position, Likewise the belayer can increase his holding
capability by placing the belay rope around a tree or
rock nubbin In belaying directly to these natural ob-
jects,

d. Belaying. After the climber has taken up a belay position,
he calls, “On Belay,” *Teat,” which is answered by the man be-
ing belayed in calling “Off Belay,” “Testing” at which time he
puts his weight gradunlly on the rope after he has gone off belay.
Care must be taken that the rope iz not jerked suddenly when
atarting the test, as this might pull the belayer out of position.
The test should be made if possible in the directlon of a possible
fall. If, during the test, the position is found insecure, the belayer
will signal “Off Belay.” The climber must release mll tension at
once and resume his belay position. The belayer must then find
another position and have the test procedure repeated. When the
pogition is satiefactory, the belayer calls, “Climb.” The climber
answers him with the signal, “Up Rope,” in order to have the
belayer take up the slack before he climbs, This procedure must
be followed to prevent accidents.

150. Rappels

@. Purpose. The climber with a rope can descend quickly by
meany of a rappel—sliding down a rope which has been doubled
around such rappel points as a tree, projecting rock, or several
firm pitons tied together. Several techniques may be used.

b, Fstablishing e Rappel.

(1} In selecting the route, the climber should be sure the
rope reaches the bottom or place from which further
rappels or climbing can be done,

(2) The rappel point should be tested carefully, and in-
spected to see that the rope will run around it when
one end is pulled from below and that the area is clear of
loose rocks which may be pulled off,

(3) If a aling rope must be used for a rappel point it should
be tied double,

(4) The firat man doewn should—

(@) Choose & smooth route for the rope, free of sharp
rockas,

(4) Place loose rocks, which the rope might later dislodge,
far enough back on ledges to be out of the way,

{¢) Prevent the doubled rope from twisting together by
placing the index finger of the braking hand between
the two ropes.
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(d) See that the rope will run freely around the rappel
point when pulled from below.,

{6) Each man down will give the signal “Off Rappe),”
straighten the ropes and see that the rope will run
freely around its anchor., When silence iz needed a
prearranged signal of pulling on the rope is aubatituted
for the voecal “Off Rappel” signal.

(6) When the last man is down, the rope is recovered, The
climber should pull it smoothly, to prevent the rising
end from whipping around the rope, and he should
stand clear of falling rope and the rocks which may be
dislodged by it.

(7) Inapect the rope frequently if a large number of men
are rappelling on it.

(8) Climbers musat wear gloves for all type rappels to pro-
tect the palms from severe burns.

¢, The Body Rappel (fiz. 47). The climber faces the anchor
point and straddles the rope. He then pulls the rope from be-
hind, runs it around either hip, then diagonally across the chest
and back over the opposite shoulder. From there the rope runs
to the braking hand which is on the same side as the hip the
rope crogsea; for example, the right hip to the left shoulder to
the right hand, The climber should lead with the braking hand

DOUBLE ROPE

Figure 47. Body rappel.
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down and should face aslightly sideways. The foot corresponding
to the braking hand should precede the other at all times. He
gshould keep the other hand on the rope above him just to guide
himself and not to brake himself. He must lean out at a sharp
angle to the rock. He should keep his legs well spread and relative-
ly atraight for lateral stability and his back atraight since this
reduces unnecessary friction, The collar should be turned up to
prevent rope burns on the neck. Gloves should be worn and any
other article of clothing may be used as padding for the shouldera
and bultocks. '

d. The Seat Rappels. The seat rappels differ from the body
and hasty rappels in that the main friction is absorbed by a
snaplink which is inserted in a sling rope seat fastened to the
rappeller. This method provides a faster snd less frictional de-
scent than the others do. Gloves should be worn to prevent rope
burns. .
(1) Attaching the seal. The sling rope is placed across the

back and to the front with the end which is opposite the
braking hand (if braking with right hand, left rope)
approximately B inches longer than the other. An over-
hand knot is tied in front of the body. The ends of the

Figure 48. Seat and placing of snaplink in seat.
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rope are brought between the legs (front to rear),
around the legs and over the hips and tied with a
square knot and two half hitches on the side, opposite
the braking hand. The snaplink is placed through the
single rope around the waist and through the two ropes
forming the overhand knot. The snaplink is inserted with
the gate down and the opening toward the body. The
snaplink is then rotated one half turn so that the gate
is up and opens away from the body (fig, 48).

!

Fignre 48— Conlinued.

(2) Shoulder method, In facing the rappel point the rappeller
anaps into the rope which passes up through the snap-
link. The rope is then brought over one shoulder and
back to the opposite hand (left shoulder to right hand).
The same techniques are used in the descent as in the
body rappel. This method is faster than the body rappel,
leas frictional and more eilicient for men with packs and
during night operations,

(3) Hip method.

{(a) The rappeller stands to one side of the rope {when
braking with the right hand on the left and when
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(b)

Figure 48— Continued.

braking with the left hand on the right gide) and
snaps the rope into the snaplink. Some slack belween
the snaplink and the anchor point is taken up and
brought underneath, around and over the snaplink and
snapped into it again. This results in & turn of rope
around the soild gshaft of the snaplink which does not
croas itself when under tension. When a single rope is
used {wo wraps around the snaplink are made to in-
crease friction. Facing sideways, the climber deacends
using his upper hand as the guiding and the lower as
the braking hand. The rope is grasped by the braking
hand with the thumb pointing down and towards the
body. The braking hand is held behind ahd slightly
abrove the hip.

Braking action is obtained by closing the hand and
preaging the rope againat the body. The rappeller
should lean well out, at an angle from the rock, and
make a smooth and even deacent. This method is
the least frictional and fastest, However, special care
must be taken that the rope is snapped correctly into
the snaplink to avoid the possibility of the gate be-
ing opened by the rope. Loose clothing or eguipment
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around the waist is apt to be pulled into the snaplink
locking the rappel. For these reasons the rappel must
be checked carefuly before each descent.

e. The Hasly Rappel (fig. 60). Facing slightly sidewise to the
anichor, the climber places the rope across his back, The hand
nearest to the anchor ia his guiding hand and the lower hand
does the braking. To stop, the climber brings his braking hand
acroas in front of his body locking the rope and at the same time
turns to face up toward the anchor point. This rappel should
be used only on moderate pitches or very short, steep pitches,
Itsa main advantage is that it ia easier and faster to usze than
the other methods, especially when the rope is wet,

/
{)

/
g

DOUBLE RCGPE

Figure 49, Seat rappel.
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Figunre 50, Hanty vappel,

151. Route Selection

a. General. Terrain must b2 appreciated if an efficient route
is to be found through it with necessary speed. Every mountain-
reconnaissance unit should include climbers experienced enough
to be able to estimate friendly or enemy capabilities in the region.
Consideration should be given to the time element and skill of
the troops involved, equipment available, and the support re-
quired. Probable effect of weather on the mission must be studied
and eare used in route seleclion 1o avoid danger of rock alides
and other mountain hazards,

(1) Seope. The military mountaineer must make delailed
reconnaissance, noting with reapect o each rock ob-
atacle, the best approach, height, angle, type of rock,
difliculty, distance between belay positions, concealment
along the route, amount of equipment, and number of
trained climbers needed to accomplish the mission on or
beyond the rocks. If the strata dips toward the climber,
holds will be difficult as the slope will be the wrong
way. However, strata sloping away from the climber
and toward the mountain mass will provide natural
stairs, with good holds and ledges.

(2) Vantage points. At least two vantage points should be
used, so that a thtree-dimensional understanding of the
climb can be attained., Use of early morning or late
afternocon light, with its longer shadows, is helpful in
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this respect. Actual ground reconnaissance should be
made if possible,

(3) Dangers to avoid.

(a)

(b)

(d)

{e)

(f)

On long routes, changing weather will be an important
consideration. Wet or iey rock caun make an other-
‘wise easy route almost imposzsible; cold may reduce
climbing efficiency, snow may cover holds; a cloudy
night may be too dark for travel; a lifting fog may
remove necessary concealment too soon. A weather
forecast ahould he obtuined if possible.

Smooth rock slabs are treacherous, especially when
wet or iced after a freeze and rain. Ledges should
then be sought,

Rocks overgrown with moss, lichens, or grass be-

come treacherous when wet. Cleated or nailed boots
will then be far better than composition soles,

Tufts of grass and small bushes that appear firm may
be growing from loosely packed and unanchored 8oil,
all of which may give way if the grass or bush is
pulled upon. Grass and bushes should be used only
for balance by touch or as push holds, not as pull
holds.

Gently inclined but smooth slopes or rock may be
covered with pebbles that will roll, treacherously un-
derfoot.

Ridges may be free of loose rock, but may be topped
with the most unstable blocks in the region. Moreover,
the climber is likely to skyline himself on a ridge.
A route along the side of a4 ridge just below the top
is usually best.

(7) Gullies provide the best defilade, and often the easiest

(%)

(i)
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routes, but are more subject to ambugh and to rock-
falla from natural or enemy sources. The side of the
gully is relatively. free from this danger.

Climbing slopes of talus, moraine, or other loose
rock is not only tiring to the individual hut dangerous,
because of the hazard of rolling rocks, to olhers in
the party. Climbers should clogse up intervals when
elimbing simultaneonaly. Large groups should attempt
to find numerous parallel routes.

In electrical storms lightning can endanger the climber.
Peaks, ridges, pinnacles, and lone trees should be
avoided,
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(4) Rock falls.

(a) Falling rock is the most common mountaineering dan-
ger. The most frequent causes of rock falls nre—
other climbers: great changes of temperature in high
mountaina and resultant splitting action of intermit-
tent freezing and Lthawing; heavy rain; grazing ani-
mala ; and enemy fire.

{by Warning of a rock fall may be the ery *“Rock,” a
whistling sound, a grating, a thunderous crashing, or
eparks where the rocks atrlke at night. |

(¢) Rock falla occur on all step slopes, particularly in
gullies and chutea. Arear of frequent rock faills may be
indicated by abundant fresh scars on the rock walls;
fine dust on the talus piles; or lines, grooves, and
rack-strewn preas on anow beneath ollffs,

(d} Immediate action is to seek cover if possible, {0 move
if cover is not available, If enough advance warning is
given, the climber should watch the falling rock until
he knows he is in danger, otherwise he might move
directly into its path by blindly trying to avoid it.

(e) Rock-fall danger is minimized by careful climbing,
and by judgment in choice of route.

Section Ill. MOVEMENT OF TRAINED PERSONNEL
152. Free Climhihg

Much of the movement of a trained climber whese misaion may
be that of guide, observer, assauli-team member, or security
element will be without the aid or encumbrance of a rope. The
terrain may not he difficult enough to require use of rope. Enemy
action may require greater speed than will be possible with rope,
the danger from enemy fire over-balancing the danger of un-
roped falls, Or, once the route for the main body has been select-
ed and found relatively easv to travel, security elements may
need to make only short scrambles to either flank. Free climbing
will sacrifice the gafety that results from use of the rope. In
terrain so rugged that precise routes must be followed, or on
which fixed ropes would be desirable for inexperienced men but
are not availahle, the trained climhers can be posted as guides at
critical points to coach or otherwise agsist untrained men over
ateep, hazardous portions.

153. Roped (Partyl Climbing

. Purpose, Trained climbera iie fogether two or three men to
the 120-foot repe when, by so deing, they increase their mutual
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safety and ability on difficult rock, When one man is climbing
he is belayed from above or below by another man. A two-man
party ia about three times as fast as a three-man party. The
strongest team is made up of two parties of two.

h Proceditre.
(1) Two-man party.

(a)

(b)

One man chosen as leader because of hig ability and
experience will normally climb firast. Both men tie
in with a bowline or a bowline on a coil. The second
man takes a belay position and starts the test pro-
cedure. Having found his position satiafactory, he
gives the order, “Climb.” The leader will then climb
to a suitable belay position. He should not take long
leads, particularly where the climbing is difficult, If,
due to the lack of a suitable belay position, he has to
take a long lead, or if the climbing is precarious, the
leader should use pitons for safety. In this case the be-
lay man adapts his position to an upward pull of the
rope. The use of too many pitons will cause exceasive
friction on the rope. The bLelayer should wateh Lhe
glack and inform Lhe elimber by the ecall “20 feel"
when he estimates that there is only 20 feet of rope
loft, When the climber hons reached a helay position,
he eulls “On belay” and Lthe lest procedure follows.

While the second man climba to reach the new belay
position he removes any snaplinks, When the second
man has reached the belay position he will change
position with the belayer, the first man, or if more
convenient the elimbers may bypass each other and
lead alternately. This will sped up the climbing. The
above procedure is repeated until the ohjective is
reached.

(2) Three-man purty.

(a)

AGD 10024B

In a three-man party each man will have a number,
the leader being number 1, the middle man, number
2 and the end man, number 8, The middle man must
be a good belayer and the third man will usually be
the least experienced man. If, as rarely occurs, a
treacherous horizontal traverse must be negotiated,
the least experienced man may be tied in the middle
where he can be belayed from the man above him
ag well as from below. The signals are the same as
for a two-man party, except that the number of the
man involved must be used with the signal,
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(b) For example, the middle man may give the order,

(3)

(4)

(5)

(G)

“Number 1, Climb’" or “Number 3, Climb,” to which
the proper reply is, “Number 1 Climbing" or “Number
3, Climbing.” The leader climbs from the starting
point to the firat belay position, brings up number
2 and climbs up Lo a second belay position. lle pro-
vides what security he can while number 2 brings
up number 3. Number 2 then follows number 1, who
then climbs to the third belay position. When not
climbing, number 3 provides security either in the
military sense or where desired as anchor man for
number 2 when he is helaying., Similarly, number 1
man provides szecurity while number 3 climhbs. It
must be remembered that no man elimbs until so
ordered Ly his belayer, and only one man cilmbs at a
time,
General rope signals. In addition to the belay signals,
certain others are useful. The call “Up rope” is used
when a climber discovers excess slack in his belay rope.
The call “Slack™ is used when the rope is too tight for
maneuver, If the climber is in trouble and wants a
tight rope he calls “Tension.” The call “Falling” should
be used to warn the belay man if the climber believes
himself about to fall. When silence is necessary or a high
wind distorts vocal signals, information ean be conveyed
by a prearranged system of jerks on the rope.
Descent. Where rappelling is not used, the party will
descend in an order decided upon by the leader. If route
selection is the primary consideration, the leader may
want to go down first; if, however, it is more import-
ant to provide belay security, he will go down last.
More often than not the latter will be the case. Se-
curity for the last man down can be provided by the
use of pitons,
Stimultaneous movement. When the siope becomes gentler
for a stretch, the movement of the entire party can
be expedited by having all the men move at once. All
men carry slack rope in neat coila which can be paid
out or added to as the distance between the men varies,
The rope must be kept off the ground but not taut.
Tension climbing (fig. 61). In tension climbing the be-

"layer holds the leader to the rock by means of the

climbing rope and pitons, the snaplinks in each piton
serving as a pulley. Thus the leader is able to move up,
gideways, and even up an overhang by driving succes-

AGO 100368



‘sive pitons for tension, even though the natural holds
are inadeqguate. Since, at beat, tension climbing requires
long experience and considerable equipment and is very
exhausting to the elimber, it should be used only as
a last resort. The tension climber should—
{a) Drive pitons no closer together than is necessary for
gafely.
(1) Never hook a finger in a piton, but put in snaplink and
elimbing ropes and hold them,
{(¢) Use stirrups made from sling ropes for foot holds if
their use iz deemed necegsary,

e T e T W il "N T

Figure 51. Tonsion climbing.
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(d) Rely on the belayer’'s tension, keeping both hands
free for the work above,

(e) Use alternate (two-rope) temsion for the most difli-
cult pitches. This is easier if there are two belayers.
However, if there is only one belayer, the following
method may be used: The rope from the leader’s
waist passes around the belayer's waist. The second
rope, fastened around the leader’s hips, runs to the
same side of the belayer as the first rope, and beneath
his hips. The leader c¢limbs, the belayer holding him
to the clilf with tension first on one rope and then
on the other, always keeping one of the ropes slack
so that the leader can snap into the next higher piton.

(f) The belnyer should anlicipnte the leader’s needs, so
that few signals need be given.

{g) When the leader needs tension to climb a pitch, the
gecond man will also need assistance on the pitch.
This is furnished by rope slinga left in the pitons or,
if alternate tensjon has been used, one of the two
ropes can be tied at the top as a hand line,

Section IV. UNIT MOVEMENT

154. Basic Aids for Unit Movement

The capabilities and duties of frained mountaineers and their
functions in ssgisting unskilled individuals and units in mountain
operations have been covered in paragraph 79. The basic ele-
ments for the techniques applicable to movement are—

a. Anelors. In the setting up of all rope installations the prob-
lem of the main anchor is a great one. The ideal situation is to
have some good natural object such as a firmly rooted tree or
solid rock nubbin, Since this is not always available, anchors
must be made or devised by artificial means. These are called
“deadmen” and the leader of the installing party must decide
which form is most eflicient in regards to speed of installation,
safety, and durability.

(1) Naturel anchors (fig. 62)., Since these are always pref-
erable, their use should be studied with care. If a tree
iz to be used, its firmness is of the greatest importance.
Thig is especially true if the installation will be used
for any length of time, Trees growing on generally
rocky terrain should be treated with suspicion, since
their roots normally are shallow and spread out along
a relatively ilat surface, If the tree has been found satis-
factory, the rope may be tied to it with any of the
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anchor knots, If the installation iz to be uszed for a
great length of time, the bowline or the round turn

" with two half-hitches is preferable to the clove and

timber hitches, If rock nubbins can be used, their firm-
ness is again of primary importance. They should be
checked for cracks or uny other signs of weathering

that may impair their firmness to any extent. If any

of these signs exist on a nubbin, its use should be avoid-
ed except in cases of absolute necessity, and then only
after careful and thorcugh testing. Sharp edges will
almost always be found on nubbins and these should
be padded carefully with extra clothing, rags, branches,

or grasgs,

PINE BOUGHS OR GRASS
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Figure 52. Natural anchors—trec—rock,

(2) Artificial anchors (fig. 63). Artificial anchora can bhe

divided into two main classes. These are anchors that
are installed in earth or dirt and those that are put
on rock with pitons.

(@) Artificial anchors in earth are of two types. The
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single timber deadman iz the safest type, although
its construction requires considerable effort. A trench
6 feet long and 3 feet deep and wide enough to work
in should be dug at right angles to the direction of
the pull. The gide of the trench towards the strain
should be slanted so that it is at right angles to the
pnll, Another trench about a fool wide is dug 8o that
it intersects the main trench ut a 90° angle in the
middle. The bottom of this trench should be parallel
io the strain and should meet the boltom of the main
trench. A log 5 to 6 feet long and 12 inches minimum
in diameter is normally used for the deadman. The
log is then put into the main trench and covered with
dirt with the exeeption of the part adjoining the
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(D)

second trench. If the dirt 1s not firm, stakes the same
length as the depth of the trench should be placed
between the deadman and the slanted fide in an up-
right poaition,

The picket holdfast is easier to construect, but will
not hold as much strain as the deadman. Five foot
pickets, three inches in diameter, are driven into
the rround a depth of three feet, one behind the other
in the same direction as the pull. The head of each
picket, except the last one, is secured by lashing it
to the base of the next one in line. The lashinga should
be tight as possible and racked. The pickets should

: ‘\“"' THREE.LSOP BOWLING

Figure 53, Artificial anchors—picket holdfnst, deadman

(timber in trench), pitons.
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be driven at right angles 1o the line of pull and the
distance between the pickets shonld be three to six
feet. The anchor line is tied at the base of the picket
closest to the load.

(¢) The piton deadman is the least desirable of all anchors

and its use should be avoidad whenever possible. At
least four pitons are driven firmly and solidly into
the rock. In the rope, one less highl ihan pilons
are tied in such a manner as to leave a running end
of at least 15 feet (for instance, if four pitons are
used, a three-loop bowline will provide the necessury
bights). Snaplinks ure placed in all the pitons and
bights. Starting with a piton on either extreme end,
the running end is placed in the snaplinks alternate-
ly between the pitons and bights, It is then tied in
hack to the atanding part, This dealdman must be
checked frequently. If one piton should pull out,
the atrain will be equulized beltween the olhers; at

the first opportunity the deadman should be set up
agruin,

b, Tightening Knotys, For tightening fixed ropes, suspension
traverses, or any other similar installation,

(1)

(2)

Trans;ort tightening knot (fig, 41). A bulterfly knot
is tied in the static line far enough in front of the
anchor to allow for tightening of the rope with the bight
of the butterfly approximately 12 inches long. This
knot should also be placed so that it acts as a safely
factor for the man descending, preventing him from
hitting the lower anchor. A pulley effect, for tightening
the atatic line is obtained by inserting a snaplink into the
butterfly, passing the running end around the anchoy
and inserting it through the snaplink. When Lhe stalic
line hay been made sullicienlly Laul, a lransport knot is
tied snug against the snaplink. The transport knot is
made by tying a 8lip knot secured with a half-hitch,

Prusik tightening knot (fig. 64). A bullerfiy knot is
tied in the static line far enough in front of the anchor
to allow for tightening of the rope, with the bight of
the butterfly approximately 12 inches long. This knot
should also be placed so that it acts as a safety factor
for the man degcending, prevenling him from hilting the
lower anchor. A pulley effect, for lighlening the static
line, is obtained by inserting a snaplink into the npper
loop of the butterfly, pussing the running end arounl
tha anchor and through a prusik knot in the bight of
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Figure 5§ Prusik tightening knot.

the butterfly, and finally through the snaplink. The
prusik knot, as the static line is tightening through
use of mechanical advantage, acta to cinch the tightening
rope. The running end is then secured with a half hitch
on the rope opposite to the prusik knot (flg. 56).

c. A-Frame (flg. 56). An A-frame I8 conatructed in the fol-
lowing manner: two sling ropes are tled together, secured to two
sturdy 8- to 10-foot long poles {(approximately 2 feet from the
top) with a clove hitch on one pole and then wrapped horizontally
around the poles six to eight times and vertically four times, and
finally the ends are tied tightly with a square knot. When the
bottoma of the poles are spread apart, the resulting bipod forms
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Figure §5. Use of butterfly knot and prusik knot in tighiening.

the A-frame. To keep the bottom of the A-frame from spread-
ing, the poles are braced by tying a sling rope between the two

poles, securing it on each leg with a clove hitch or round turn and
two half hitches. -

155, Fixed Ropes

Onee troops are familiar with the basic elements outlined in
paragraph 154, the following fixed ropes may be installed to assist
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Figurs 58. A-frame.
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individuals and units in moving over difficult terrain with their
equipment, weapons and aupplies,

@, Simple Fived Rope (fig, 57). Simple fixed rope iz made by
anchoring one end of a climbing rope and using the line thus
formed to aid in climbing. The procedure ig as follows: number 1
. ties in, plans route, and climbs on signal from number 2 who
belays, or sees that the rope runs free. At top of pitch number 1
takes up slack, either ties the rope to an anchor point, or geta into
a body belay. After installation, the unskilled men then climb,
using the rope for all desired aid, Only one man climbs at a time,
and signals {o the next man, “Climb,” when he has reached the
top. In diflieult places overhand knots can be tied into the rope to
asgist the men climbing. The lust man up retrieves the rope and
coils it,

Fignre 57, Simple fixed ryope,

b, Fived Ropes (fig. 58).

(1) Fixed ropes are installed by trained military mountain-
eering teams, and are used to assist untrained men, or
trained men with heavy loads, over difficult terrain safely
and quickly. This type of installation differs from the
simple fixed rope in that it employs many anchor points
and iz of 1 more permanent nature. To install—number 1
ties inlo the leading end of the rope and moves up the
selected route threading the rope through snaplinks in-
serted in pitons he has driven, or sling ropes tied to
mlural anehors. Number 2 remains at the atarting point,
Lelays number 1 and sees that the rope runs freely, warn-
ing the climber when only 20 feet of rope remains,
Should more rope be required, another climbing rope is
tied to the first rope. When the fixed rope is installed
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from above down number one man secures the rope with
an anchor knot to the top anchor, IT descending he then
ties the fixed rope to the intermediate anchor points, in
tightening the rope with prusik knots to anchored sling
ropes and figure-of-eight slip knots into snaplinks while
he ia atill belayed by number two man. As he reaches the
lower anchor point the fixed rope is then finished off
with a transpost tightening knot.

(2) When the fixed rope is secured from the bottom np,
number 2 man anchors the rope at the Lottom anchor
while number 1 man secures the ropa temporarvily 1o
the upper anchor. As number 2 man moves up to num-
ber 1 man he anchors the rope to the intermediate anchor
points and the rope isx then secured with a transport
tightening knot at the upper anchor. When the insialla-
tion team consiats of several members, these assist the
gsecuring of the fixed rope to the intermediate anchor
pointa while number 2 man moves up te join number 1
mat. In thia manner each section between anchorsz is
tightened independently. The prusik knots and these slip
knots in the snaplinks serve both to increase the tension
of the rope and to make each seclion independent. This
is a safety factor—a bireuk in one seclion of the rope
will not affeet another section. The prusik knot or slip
knot should be tied slightly aliove the anchor point. The
tranaport tightening knot is used to finish off the fixed
rope. Emphasis should bhe placed on the use of natural
anchor points throughout fixed rope and care taken in its
inatallation to obviate the necessity of troops erossing it
at any point. When snaplinks are unavailable, sling ropes
in pitons may be used.

{3) Maintenance of the fixed rope is the responsibilily of
the team that installed it. Tt is also their duty to police
the route, removing loose rocks, brush, and any other
hindrance to the rope and troops, and to protect the rope
with padding where necessary. A diagonal or traversing
route should be chosen for reasons of safety. The roule
should not be so difficult that the troops arrive at the
top too exhausted to complele their mission. Troops
moving over a fixed vope must remember and use all
the techniques of mountain walking and elimbing. Use
the fixed rope for direct aid only when necessary, Lut
always have at least one hand on the rope. On difficult
piteches employ friction footholds by leaning back and
climbing hand over hand on the rope,
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FIGURE B
SLIP KNOT

!
PRUSIK KNOT
TRANSPORT
TIGHTENING KNOT IN USE
e

- i '.,:--#T-m. e
Figure §3. Fized rope,

156. Havling Lines

When inexperienced men carrying heavy loads are required to
climb fixed ropes, it may become necessary to set up hauling lines
to move the loads. The lines may be vertical hauling lines or aus-
pension traverse. Expedients may often serve well for all deacribed
equipment except rope.

a¢. Vertical Hauling Lines. A vertical hauling line is an installa-
tion for moving men or equipment up vertical, or near vertical
pitches (fig. 59). It is often used in conjunction with a fixed rope
where the fixed rope is used for troop movement and as 8 hauling
line for their equipment. Generally three climbing ropes, suflicient
snaplinks, and the equipment for construction of an A-frame are
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neceasary for thia ineuailaiion, but any expedients may be used
that will aid the consatruction.

(1) To install, select a route which has a good top anchor
point, a natural loading and unloading platform at the
bottom and the top, and which affords sufficient clearance
for easy hauling of troops or equipment. The ideal plat-
form at the top will allow conatruction of the vertical
hauling line without use of an A-frame, otherwise the
construction will be as follows: The anchor rope is
doubled and the end with the bight placed between the
top V of the A-frame ao that a 1-foot long loop hangs
down. A clove hitch is tied on each pole and the ropes

-

)

Fipure 89, Vertical kauling line.
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tied to same anchor. Another rope is then tied to the
same or different anchor, passed through the top of the
V of the A-frame, or through the A-frame, as appropri-
ale; is then knotted with overhand knots evenly spaced
and approximately 8 to 10 inches apart and then lowered.
This is the rope used by the troops as a simple fixed rope
as they are being hauled up the piteh. Two sanaplinks
(or one) are inserted in the loop hanging from the A-
frame 1o form a pulley. A pulley rope is formed by
tlying the ends of a climbing rope with a square knot and
half hitches, and inserting it into the snaplinks.

(2) There are several ways of tying into the pulley rope—
with a sling rope seat attached to the pulley rope: with
a snaplink inserted in a butterfly knot; or with two but-
terfly knots tied so that when they are passed arvund
the body and connected with a snaplink a belt is formed.
If only two climbing ropes are available the anchor rope
and knotled rope may be combined, and a double sling
rope used for the pulley loop. If equipment only is being
hatled up, it iz not necessary to use the knotted rope hut
it may be necessary to use a belay rope from the bottom
lo prevent equipment from striking the rock. To move
matetials or troops up on cone side of the hauling line,
the other side is pulled from below.

(3) Troops nsing the hauling line for movement must orn-
ploy all applicable principles of climbing. At least one
man should always be stationed at the top of the installa-

" lien 1o aid men or relrieve londs when they reach the
lop. He should be anchored for safety reasons. In use,
the A-frame should lean slightly over the edge of the cliff
Lo prevent excessive wear on the ropes pasaing over
sharp rocks,

h. Suspension Traverse. The suspension traverse is used to
move men and equipment, over rivers, ravines, chasms, and up
or down cliffs (fig. 60). The traverse may be made on a plane vary.
ing from the horizontal to the near vertical. To inatall a Ruspension
Lraverse n snjtable route for Lthe lraverse must De reconnoitered,
with emphasis placed on the location of suitable anchor points.
These must be of sufficient height to allow clearance of loads being
transported over any obstacles. The static line must be carried
to the upper or farther anchor by a single man or a climbing party,
and secured. It is then secured to the other, usueally lower, anchor
and tightened by use of a tightening knot. If nylon climbing rope
i3 to be used as a static line, it should be used double to minimize
sagging and increase the safety margin, A 44-inch or 1l-inch
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manila rope should be used for installations which get heavy use.
A carrying rope is8 now made by tying the ends of a sling rope
with a square knot and half hitches, doubling the rope thus
formed, and placing the square knot in the upper third. An over-
hand knot is tied into the loop above the square knot and a second
overhand knot is then tied slightly below it. The belay rope is
lied to the center of the three loops of the carrying rope and then
a snaplink is inserted into the upper small loop and into the static
line (fig. 61). To secure either the loads or the men to the static
line this earrying rope is merely passed Lthrough the seat or lash-
ings and the larger loop snapped into the snaplink or the static
line. When the man or load has been hooked onto the static line,
a belayer lowers the load by using a body belay, a belay through
a snaplink, or around a tree, and stopa him gradually as he nears
the bottom. If it is a ateep traverse, and the deacent is rapid, pro-
tective padding must be used by the belayer to reduce the friction
on the Lody. If the load is being raised or the traverse is hori-
zontal, it will be necesaary to have a belay rope from both anchor
points and to pull the load up or across and to retrieve the earry-
ing rope.

'ETATIC LING

BELAY RORE

Figuvre 80, Suspension fraverse.

157. Mountain Stream Crossings

@. The techniques of the trained climber may be used in cross-
ing mountain streams, Sudden rains or thaws can change placid
streams into roaring torrents, These may have to be crossed with-
out special equipment or the assistance of specialized troops, All
mountain soldiers should be trained in ¢rossing mountain streama.

h. The hest time for croasing is in the early morning when the
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UNLOADED

LOADED
Figure §1. Carrying rope for use on traverse.

water is low. As glaciers, snow, or ice melt during the day, the
rivers rise, reaching their maximum height between midafterncon
and late evening, depending on the distance from the sguree.

¢. Prior reconnaissance of possible crossings must be made
before the arrival of the main body, so that the best place for the
crossing may be selected. A crossing point should be chosen, if
possible at the widest point of the stream, or where it branches
into several smaller streams. Cover should be available on the
banks, Wherever possible, select a point where there are few, if
any, large stones in the river bed. Water is turbulent over large
stones, while it flows smoothly over small stones. Large stones
increase the difliculty of maintaining an easy footing. The place
for erossing should be clearly marked on both banks.

d. Shoes should be worn to prevent foot injuries, but socks
should be removed and kept dry.

¢, A shallow strenm wilh n moderate current ean be forded
without the use of ropes or logs. Men should cross in & line four
abreast without linking the arms or affording each other su pport.
The strongest and moat able men are placed at the ends of the line
for additional safety. The river should be crossed at an angle,
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upstream. The feet should be wide apart, and kept flat with the
bed of the stream, and shonld always be set down on the upper
side of any obatruction in the stream bed. The lega should be
dragged through the water, not lifted, so that the force of the
current will not throw the individual off balance and drag him
under,

f. Swifter and deeper rivers may be crossed by groups of men
assisting each other.

(1) To cross using the ring method, a aquad of men form in
a ring, locking hands with each other and placing the
arms behind their backs, The body is bent well forward.

(2} In the chain crossing, a squad of men form in line, lock
arms with each other, and then cross their own arms
and loek their hands in front to give added support, The
line then movesa across diagonally downstream.

(8) Use of bridge and stream crossing expedients are covered
in paragraph 113.

. Wherever possible, and when the degree of experience per-
mits, torrential streams should be forded individually in order to
effect a apeedier croasing. Only experienced soldiers should attempt
an individual crossing of a strong, deep current. A balance pole
may be used and worked ahead of the individual, always on the
upstream side. The welght of the body must be evenly diatributed
belween the pole and the feet to maintain the necessary two points
of support. The pole is firat moved forward and planted, and the
feet are then moved ahead.

k. (1) Rapids, or a fast-moving deep atream which is filled
with large boulders, may be crossed by jumping from
stone to stone. Logs or trees may he felled from the
banks to facilitate the movement, As a safety measure,
the rope should be used during the crossing. Individuals
tie thamselves in and are belayed by the security man
who must pay the rope out gradually in order that the
movements of the men will not be impeded. The bowline
knot should he used for the tie-in. The hip belay may be
used by the zecurity man.

{2) When jumping from boulder to boulder, the soldier
ahould jump from a crouching position pushing off
gimultaneously with both feet, and landing with both
feet flat on the rock.

(8) The first man to cross rigs a rock belay and helps to
insure the safety of those following.

i. {1) If the current of a river 18 rapid and deep, and yet can
be crossed by using a rope support, a haud line is strung
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(2)

(3}

(4)

(6)

(6)

from bauk to bank. The most experienced individual 1
tied into A rope and belayed across the stream. The rope
is then tied into whatever supports can be found on each
bank, and the unit crosses in column.

When croasing it is imperative that each individual stay
ot the downsiream side of the rope, as the current has
a tendency to pull one under the rope.

If equipment ig being carried, il i3 advizable to vse 2
sling rope around the individual’s waiat and attached o
the handline with a suaplink,

For carrying an injured man across, o rope seat may
be made and attached to the individual who is to carry
the injured man. The injured man is then hoisted to the
back of the carrier and fiitted into the rope seat. For
additional security, a snaplink attachment ia made 1o
the hand line from a rope around the carrier’a waist. The
carrier then makes the crossing as prescribed for the
ather individuals.

Rescue posts are set up at various points downriver on
both banks. These posta should be manned with the best
men, equipped with ropes and poles. If the current sweeps
a maun off his feet and downstream, ha ia then rescued at
the rescue posts.

The lnat man to cross removes the rope from ijta belay
point, ties himself in, and is belayed acroas the river from
the opposite bank,

i, Where powerful torrents of water between gheer 'cliffs are
encouniered, a suapension traverse should be used.
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(1)

(2)

(3)

The individual selected to take the rope across must be
the best trained, most experienced man in the unit. He
ties himself in securely. The man ¢rossing usea s balance
pole as described in g above, The stronger the current,
the greater iz the angle at which the pole musat he placed
in the water,

The crossing is assisted by the belayer who paya out the
rope as the crossing man advances. If there are large
boulders protruding from the river and lying in or near
the path of the man crossing, he should utilize the rocka
by crossing so that the rope falls agninst the upstream
rides of Lhe slones, thus affording himself an intermediate
belay,

As soon ns the crossing man arrives on the opposite
bank, he tiea the rope to a solid anchor.
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(4) Once the rope is tied in, it is so tightened from bank to

bank that it is several feet above the water.

(6) Individual rope seats such as are used in rappelling with

AGD 10Q38R

a snaplink may be made up for each man, The snaplink
in front of the rope seat is then snapped into the croas-
ing rope and the individual awinga out, pulling himself
across. Only one man should eross at a time.
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CHAPTER 5
SNOW AND GLACIERS

Section |. GENERAL

158. Reference

For a detailed deseription of operations in snow and extreme
cold, see FM 31-71,

159. General Choracleristics

a. Mounlainous regions in éold and temperate zones are char-
acterized during winter by the followiig:

146

(2)

(3)

(4)

(1) A great amount of anow, which remains during most

of the vear in the high regiona.
Extreme cold, often reaching 40° F. or more below zero
in some arveas, and severe snow storms which impose
great hardship on the troops.

Show starts to fall at varying times in the autumn
according to the geographical location, altitude, and ex-
posure. ‘I'he snow cover differs with the altitude and may
also differ greatly from year to year. A deep snow cover
greatly changes the problem of living in the mountainas,
eapecially by increasing the difficultiea of communication,
transportation, and sanitation. Even a small amount of
anow restricts the movement of men and vehicles. The
deeper the snow, the more it hampers and canalizes the
movement of columns. If it is over a foot deep, move-
ment by foot troops must be accomplished with the aid
of skis and snowshoes. Wheeled vehicles will not be
able to proceed any farther or any faster than the snow
removal equipment will permit. The emplacement of
artillery becomes an extremely slow and Iaborious
process, [n some caser, it may be necessary to transport
the artillery on sleds or apecially constructed runners,
Heavy artillery must use track-laying vehicles as prime
movers,

A greal many slopes which are easy to negotiate in the
summer become diflicult and even dangerous to climb in
the winter because of frozen and snow-covered ground
and the risk of avalanches, When winds reach a great
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velocity, Lrafiic becomes almost impossible, Nevertheless,
a great deal can be done Lo improve Lrallic condiliona. If
there is sufficient manpower and mechanical equipment,
the principal routes can be kept clear. Snow removal is
nanally a continuous process because of drifting snow
and frequent snowfalls,

L. Snow condilions are met in high mountaina at all seasons
of the year.

180. Effect of Special Training and Equipment

Small units of mountain troops, specially equipped, can carry
olt operntions in the mountains during the winter, and because
of their special training are aided, rather than retarded, by the
snow. The importance and effectiveneas of winter operations has
luken on an wdded significance since the adoption of special eloth-
ing, akis, snowshoes, and track-laying snow vehicles. Such vehicles
can be used to haul peraonnel, supplies, equipment, and artillery
and they are useful for packing the snow. Such apecialized equip-
ment makes large scale winler operalions in mountains entirely
practicable.

Section Il. CLASSIFICATION OF SNOW

161. Classification of Snow

g. In the preceding paragraphs the terms “snow” and “ice”
have been used in a general sense to describe snow or ice forma,
In order to clarify the danger inherent in snow and ice, it ia neces-
sury 1o outline the forms that snow assumes in its transition to
placier ice. Some forms of snow are of considerable benefit to the
mountain soldier, others are a source of grave danger. For classi-
fication of snow see table II. '

b. Bnow is classified as powder snow and compact anow. Powiler
gnow i8 sanow in its early stages and is classified as new snow,
setiling snow, or seltled snow. Compuct snow is snow which has
passed beyond the stage of settled snow,

¢. New snow is anow that maintains individuality of flakes im-
mediately following its fall. If new snow is dry, it ia feathery; if
damp, it guickly consolidates into sellling, or seltled snow, :

d. In areas of extreme cold and at high allitudes, new anow not
uncommonly compriszes two forms—sand snow and wild snow,

(1) Sand snow falls at extremely low temperatures. As its
name implies, it is sandy. Skisg, sleds, and toboggans slide
over it with considerable difficulty.
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(2) Wild snow is very dry new snow which falla during com-
plete calma and low temperatures. It is extremely light
and feathery and very unatable,

e. Settling snow is powder snow conalating of {flakes which have
begun to lose their individuality.

. J. Settled snow is powdered or wet snow in which the flakes
have interlocked and united. This is the settled powder to which
skiers refer.

g. New firn snow is compact, granular snow that is composged
of closely associated grains instead of individual flakes, Heat-
aoftened new firn anow is referred to by skiers as spring or corn
INOW,

h. Advanced firn snow or neve consists of closely associated
grains of ice, separated by air spaces.

i. Glacier ice is composed of crystals of advanced firn snow
cemented by a film of ice. There are no air spaces between the
grains and any air spaces present are within the grains them-
gelves,

162. Snow Formations

The forma of snow described in paragraph 161 are subject to
various modification during their transition from dry new snow
to glacier ice. Temperature, humidity, and wind are important
modifying factors in this transition. The following phenomena are
important to the mountain soldier:

a. Sun crust is any snow the superficial layer of which has been
melted by heat and subsequently refrozen. A layer of snow that
is sun crusted and weathered throughout its thickness becomes
firn snow. Sun crust commonly overlies powder snow.,

b. Wind crust or wind-packed snow is usually found on wind-
ward slopes and is anchored firmly to the underlying snow. A
moist wind blowing over snow slopes causes the surface snow to
becotme compacted. Depositing or drifting.snow is not involved.
Inasmuch as the sanow forming wind-packed snow has not been
tranaported, the erystals are not greatly affected by abrasion.
Consequently, they reflect much light. Wind crust is generally safe.

¢. A wind slab is formed from snow transported and deposited
by winds. While the slabs themselves are well compacted, they are
loosely anchored to the underlying surface; in fact, all wind slabs
have an air space between the slab and the underlying snow.
Having been transported by wind, the component grains are
rounded and do not reflect the light. For this reason the surface
of a wind slab has a dull, chalky appearance. Wind slabs are ex-
tremely dangerous.
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Powder snow

Table Il. Claossification of Snow

New snow

Settling snow

Settied snow

Compact snow

wet enow

New firn snow

Advance firn snow (neve)

Glacier Ice



Section lll. AVALANCHES

163. General

The danger of avalanches muat be carefully considered when
military operations nre being conducted in the anow covered moun-
taing. Avalanches occur when the weight and the pressure of the
anow gvercomes the power of resistance and frietion of the under
layer, or the tension in the anow cover is disturbed. Several causes
of avalanche “triggering” are explained in gsubsequent paragraphs.
The danger of avianchea has become even greater in modern war-
fare due to vibrating effects causing severe snow and rock slides
miles away from the point of a nuclear detonation.

164. Bosic Causes of Avalanches

a. eneral. Fundamentally there are only two causes of ava-
lanches—terrain and climate; in everyday terms—plenty of snow
and steep slopes for it to slide on. These two easentials, acting
together, can produce an avalanche without any other assistance.

b, Terrain.

(1) Ground surface conditions have considerable effect be-
yond the snow in contact. A broken, serrated, or boulder-
strewn surface provides a good anchorage for the snow-
pack as a whole. Slides breaking off at ground level are
unlikely. Smooth, even slopes of bare earth, solid rock,
or shale favor the massive ground-level avalanches,
typical of the high alpine zone.

(2) The contours of a mountain influence the avalanche:
terraces, talus, basins, and outerops are effective bar-
riers, They either divert the moving snow or give it room
to spread out and lose its momentum. Gullies collect and
channelize the descending anow thus making favorable
slidepaths (fig. 62) which must be earefully avoided.
Ridges lying parallel to the slidepath, on the other hand,
are relatively secure. The convex slope is more likely to
avalanche because the snow layers settling upon it are
placed under tension. Avalanches usually fracture at the
sharpest point on the curve, get up to full apeed instantly,
and pulverize rapidly. The steepest part of a convex slope
is generally near the bottom, leading to a sudden transi-
tion and poor anchorage at the toe of the snow layer. On
a concave surface, anow is under compression. The steep-
eat part of the slope is generally near the top; the tran-
sition is more gradual and the anchorage at the toe is
better than for a convex slope. The dimensions of the
slope {(length and width), are other factors that deter-
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mine the size of the snow slide and possible destruction
caused.

l *ﬁ I T *

Figure 62. Dangerons slidepath. Overehanging cornice on the shy line.

(3) All of the terrain fealures menlioned above are less im-
portant than grade. The higher the slope angle, the more
likely it is to slide regardless of any olher condition. The
minimum angle favorable to avalanches 1s 2b6°. Slopes
from 256° to 356° may avalanche, especially if stimulated
by cutting action of the skier or some other outside dis-
fturbance. The ecritical zone lies above 35°. From Lhis
angle to the point where snow can no longer eling excepl
by windpacking, slopes are apt to slide in some fashion
with every storm.

¢. Vegetation., Vepetation of any kind except grass has a re-
straining effect on avalanche. However in general, the existence
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of heavy forest cover 1s an indiecation that slides in that location
are rare or oI minor importance. 1t is a mistake, however, to con-
sider all forested areas as safe. Scattered timber is no particular
deterrent. Slopes where the timber haa been destroyed by fire
offer good facilities for anow slides,

d. Exposure. Slopes facing the sun favor the avalanches pro-
. duced by thawing. Loose snow avalanches are more common on
the slopes opposite the sun. Cornices habitually form along ridges
and erests lying at right angles to the prevalling wind. Lee slopes
are the most probable locations for overloads of wind-driven snow
and the formation of alab. On the other hand, snow is transported
from the wind beaten slopes and that which remains is thoroughly
packed and stabilized.

e. Climate and Weather.

(1) In addition to the terrain factors climate and weather
are the other basiec ingredienta for the avalanche phe-
nomlenon,

(2) High rate of snowfall and storms which deposit up to
three feet of new snow in one continuous downpour, are
not uncommon,

(8) Temperature fluctuates widely and rapidly in the moun-
tains. Prolonged apella of extremely low temperatures
oceur and there are occasional intrusions of warm air
masses, usually in connection with a storm. Rainfall may
geentt in the coastial zones and create an avalanche con-
dition. The temperature greatly affects the cohesion of
snow; a rige in temperature weakens the bonds, while
a drop in temperature retards sgettlement of the snow
mags and increases the brittleness and tension of a slab
formation.

(4) Wind action during the storms in the mountains is gen-
erally atrang and its influence on snow is the most im-
portant of all the contributory factors. It transports
snow from one exposure to another during storms and
fair weather, thus promoting overloada on cerinin slopes.
It nlso muoilifies the ajze and shape of snow particles.

165. Types of Avalanches

a. Classification. The avalanches may he classified in accordance
with the type of snow involved, the manner of release, or the size.
For practical purposes the classification according to the type of
gnow involved, is normally used, and all slides divided into the
following three general groups:

(1) Loose snow avalanches.
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{2) Packed snow avalanches.
(3) Combination avalanches,
h. Looge Snow Avalanches,

- (1)

(2)

Characleristics. An avalanche of loose snow always starts
on the surface from a point or a narrow sector. From
the starting point it grows fanwise, expanding in width
and depth. The speed and nature of its development de-
pend on whether the snow is dry, damp, or wet.

Dry loose snow avalanches, These are composed of loose
snow, possibly drifted but not windpacked. They often

atart at a point, and travel at high speed on a gradually
widening path, increasing in size as they descend (figs.

- 683 and 64; note the enormous cloud of snow dust in
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volved). A dry loose snow avalanche is always shallow
at the start and depends for volume on the snow it can
pick up during its run. Thus, a dry snow avalanche of
dangerous size cah only occur on a long slidepath, or
from a large accumulation zone with funnels into a con-
stricted outrun. Occasionally heavy snowfall at low tem-
peratures produces the phenomenon of the “Wild Snow"
avalanche—formless masses pouring down the mountain-
gide, They are actunally avalanches of air and sanow
mixed. Windblast is a side effect of very large, high
speed avalanches, powerful enough to damage structure
and endanger life outside the actual avalanche path.
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Fimivre 65. Dry snow avalanche—oomposition of snow layers.
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Figure 64, Dry, loose snow avalanehe,

It is characteristic that the hazard from loose snow ava-
lanches is soon over one way or the other.

{3) Damp end wet snow avalanches.

(a)

()

154

These resemble those of dry snow with the same
arrowhead point of origin, gradually becoming wider.
Their mass isa many times greater than that of a dry
avalanche and they are therefore much more destrue-
tive. Being heavier and stickier, however, they develop
more friction and therefore travel at a slower pace.
An alert and experienced skier can generally outrun
them and the principal huzard is to fixed installations.
The comparatively low speed causes them to stop
rather suddenly when they lose momentum and to pile
up in towering masses of boulders. This ia in contrast
to the dry slide which tends to spread out like the
splash of a wave,

Damp and wet slides (figs. 66 and 66) solidify the
moment they are released from the pressure of motion
adding to the difliculty of rescue or clearing cpera-
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tions. Wet slidesa have a distinctive characteristic of
channeling. The moving snow constructs its own banks
and flows between them like a river of slush, often in
unexpected directions. The damp sunslides of mid-
winter are generally shallow. But the wet avalanches
of spring, caused by deep thawing either from rain
or prolonged temperatures above freezing, often in-
volve enormous masses of snow and debris and have
inculenlable destruclive power.

¢. Packed Snow Avalanches.
(1Y Windaslab.
(z) The windpacked snow, called windslab, snowslub, or

AGO 100368

alab when sliding, i8 unquestionably the worst killer
of all and equal to the wet apring avalanche as a de-
stroyer of property. Slab may be hard or soft. Hard
slab is usnally the result of wind action on snow picked
up from the surface. Soft slab is nsually the result of
wind action on falling snow. The windslab avalanche
{fig. 87 (note the light snow-dust cloud in comparison
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Figure 65, Wet snow avalenche—composition of enow layers,

to dry, loose snowslide) ) behaves in an altogether dif-
ferent manner from loose snow. It has the ability to
retain its unstable character for days, weeks, and even
months, thus leading to the release of delayed-action
avalanches unexpectedly, and often from minor causes
such as the addition of a small amount of new snow,
a skier cutting across a hillside, sun action, or even a
minor vibration.

() The windslab avalanche combines great mass with
high speed to produce maximum energy. It mMay origi-
nate either at the surface or through the collapse of
a stratum deep within the snowpack. It starts on a
wide front with penetration in depth, The entire slab
field—top, sides, and bottom—releases almost simul-
taneously. The place where the slab has broken away
from the snow pack is always marked by an angular
fracture line (fig. 68 (note that it broke at the sharpest
part of the curve on a convex slope)) instead of a
peint, roughly following the mountainside contour.
In a packed-snow avalanche the main body of the slide
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Figure 68, Wat snow avalancke,

reaches its maximum speed within seconds, Thus it
exerts its full destructive power from the place where
it starts, whereas a loose-snow avalanche does not

attain its greatest momentum until near the end of
ita run.

Due to the characteristic delayed release action as
stated above, the slab avalanche is the most dangerous
of all types, A series of slab avalanches may stabilize
conditions only locally, leaving the slab on an adjacent
slope a8 lethal a8 an unexploded shell. If found on the
surface, snowsalab has a dull, chalky, nonreilecting ap-
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Figure 07, Sloh avalanehie—depth of frocture 10 feel.

pearance. It has a hollow sound underfoot, il Lhe slab
is hard, it often settles with a crunching sound which
an experienced mounlaineer recognizea as a danger
sisrnil, The only way to insure that movement across
slab formalion ia safe, is Lo break the slab by one or
thre ollier stabilization methoda deseribed in paragraph
16856,

(2) Cornices. Cornices (fig. 69) are a snow formation allied
to the slah. They build up on the lee side of mountain
cresta and ridges which lie at right angles to the wind.
Occasionally they are straight-walled, but their char-
acteriatic shape is that of a breaking wave, The obvious
hazard from cornices is due to fractures of the overhang
from simple overloading, wenkening due to temperature
or rain, or from sun erosion of the underside. These fall-
ing blocks are generally large enough to be dangerous
themselves and may also release avalanches on the slope
below.

d. Combination Avalanches.

(1) General. Combinalion avalanches are composed of both
loose and packed snow formations making it more diffi-
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Figure 688, Slub fractuvre,

cult to determine which part of the combination acted
a8 the trigger and which us the main charge of the ava-
lanche.

{2) The climax avalaneche. The climax avalanche is a apecial
combination type. The distinguishing charuacleristic of
this type avalanche is that it contains a large proportion
of old snow and is due to econditions which have developed
over a considerable period of time—at least a month and
possibly an entire season, Climax avalanches occur in-
frequently because they require an unusual combina-
tion of favorable factors. Whenever they occur, the pene-
tration of a climax fracture is always in great depth,
usually to the ground. They travei farther and spread
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out wider than ordinary avalanches on the same slide
path,

166, Avalanche Triggers

a. Triggering. A loose-snow slide usually occurs during or im-
mediately after a storm or some other weather situation that
creates Instability. A slab avalanche may come as a delayed action,
In any case, every avalanche must have a “trigger.” There has to
be some final nudge, some force or combination of forces, to ac-
count for the relense of mnsses of snow at n particular time piwl
place, '

b. Classification. The following four avalanche triggers are
recognized:

{1} Overloading.
(2) Shearing.
(3) Temperature,
(4) Vibration.

c¢. Overloading, Weight is probably the most frequent cause of
avalanches. New snow piles up until it overcomes cohesion and
the structure collapses of its own weight and begins to slide.

d. Shearing. This can be applied in various ways—the slicing
action of a pair of skis, a wad of snow falling out of trees or over
a cliff, or any exterior force that cuts the bond. A slide in motion
has a shearing effect on the snow beneath, coupled with vibration.

e. Temperature. Temperature triggers more avalanches than
any other factor, except weight, by its effect on the cohesion of
snow. A rise in temperature weakens the bonds, while a fall in
temperature retards settlement of the snow mass and increases
the brittleness and tension of a slab.
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f. Vibration. This factor is related to shearing, but it is treated
gseparately because, unlike the other triggers, it can operate at
leng range. Avalanches may be released by thunder, shock waves
originating from high speed aircraft, explosions of various types,
by earthquakes and by other loud or sharp sounds—vibrations
transmitied through the air. They may also be staried by vibra-
tions transmitted through the earth and snow by the movement
of tanks, bulldozers and other heavy machinery, or by blasts, The
primary or reflected blast waves resulting from the detonation
of even a amall-yield nuclear weapon will cause a great number
of avalanches and rock slides up to distances of 20 miles or more
from the point of detonation.

167. Avalanche Fazard Ferecasting

a. GGeneral. The accurate prediction of an avalanche occurrence
gither in time or location is impossible. The actual avalanche oc-
currence is governed by a set of variable factors which cannot be
reduced to any mathematical formula at present. The experienced
mountaineer can nsually recognize the development of a hazardous
gituation in sufficient time to avoid the danger area.

L. Terrain and Climate. Terrain and climate are the two basic
cuuses of avalanches. Terrain is a constant, always prepared to do
its part; climate is 1he variable,

¢. The Contributory Faectors, The systematic avalanche studies
conducted in Lthe past have identified ten factors which contribute
to the avalanche hazard. These factors which are subdivisions of
climate and weather are as follows:

(1) Depth and condition of the base. Two feet depth is gen-
erally sufficient to cover ground obstructions and provide
a smooth sliding base. Greater depths will obliterate such
major natural barriers as terraces, gullies, outcrops,
and clumps of amall treea, If depth hoar exists, the slope
must be presumed Lo be dangerous, for the snowpack has
no anchorage at its underside. Depth hoat is usually at
the bottom of the anowpack, and can be detected by
reversed ski poles, skis, or probes.

(2) Old snow surface. A loose snow surface promotes good
cohesion with a fresh fall but allows deeper penetration
of any avalanche that starts, while a erusted or wind
packed surface means poor cohesion with ihe new snow
but restricts the avalanche to the new layer.

(3) Depth of new snow. The quantity of new snow sufficient
to produce a dangerous avalanche is important. Based
upon experience, 12 inches of new snow is regarded as

AGO 100401 . 141



162

(4)

(5)

(6)

(7)

(8)

the minimum requirement to produce by itself an ava-
lanche of dangerous proportions.

Type of new snmw (especially its free moisture content).
Yery dry snow has few cohesion qualities and avalanches
30 readily that it seldom builds up to dangerous volume
except under true blizzard conditions. The moisture in
damp snow acts as a cement and improvea ceheslon,
within limits, Wet anow is saturated and the water
“lubricates” rather than cements. Transition snow (snow
which is on Lhe dividing line between dry and damp) is
especially susceptlible to the formation of slab under wind
action.

Average denszity. The average density (water content
per inch of snow) of dry snow varies from .06 to .10
inch of water per inch of new anow. The very dry snow,
typical of the hirh alpine zones but found oceasionally in
other arens, is much lighter. Densities as low as .04 are
common. Damp and wet snow in contrast has a density
as high as .14. These are normal average density char-
acterigtics and have no unusual significance. However,
the important cirecumstance is a departure from the
normal, for example, when the proportion of water in
dry snow exceeds 10 percent, it becomes evident that its
weighl may ho incronring Tanlor than ite coheslon nul
a slide may occur,

Snowfall intensity (inches of snowfall per hour). When
the anow piles up at the rale of an inch or more per hour
the pack is growing faster than the stabilizing forces,
such as aettlement, can take care of it. Moreover, this
sulden inerense in louwd may fracture a slab beneath and
result in a slide.

Precipitation intensity (moisture content per hour of
snowfall). Based upon experience it is concluded that
with a continuous precipitation intensity of one tenth of
an inch of water or more per hour and wind action at
efleclive levels the avalanche hazard becomes eritical
when the total water precipitation reaches one inch. This
15 one of the neweat methods used in avalanche forecast-
ing requiring interpretation by weather station person-
nel with apecial equipment.

Scittement, Settlement of the snow goes on continuously.
With one exception it is always a stabilizing factor. The
exception is the shrinkage of a loose snow layer away
from a slab thus robbing it of support. In new snow a
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settlement ratio less than 15 percent indicates that little
consolidation ia taking place; above 30 percent, stahiliza-
tion i8 proceeding rapidly. Over a long period nrdinary
snow layers shrink up to 90 percent, but slab layers may
ghrink no more than 60 percent. Thus abnormally low
shrinkage in a layer indicates that a slab is forming.

(9) Wind action. Wind aclion is un important contributory
factor. It overloads certain slopes at the expense of the
others, it grinds snow ecrystals to simpler and less co-
hesive forms, it conatrneta stable erust and frapile slab,
often side by side. Warm wind (“chonook” of MNorth
Americag and the “Tochm” of Europe) is an efeetive
thawing agent, even more effective than asunlight. By
sudden chanpgea in direction and veloeily, wind can aet
ag a shearing trigger on u laver of snow it hus just de-
posited. Finally, it is essential to the formalion of slab
in ways which are not yet eompletely understood. An
average velocity of 15 mph (in the mountains air cur-
rents are 8o erratic that they can only be sampled) is
the minimum effective level for wind's action in building
avalanche hazards,

(10 Temperature. Temperature directly inlluences the show
type. Dry anows normally fall al 25 . and helow. Tem-
peratures above 28° F., promote rapid settlement and
metamorphosis of the snow is sometimes too rapid. A
sudden rise of temperature causes a loss of cohesion fast
enough to trigger an avalanche. A sudden drop increases
the tension particularly in slah, ‘T'he gradun] warming of
ihe temperature in Lhe spring leads to cumulative de-
terioration of the snow and to heavy, wet avalanches,

d. Avalanche Conditions. Avalanches obey mechanical laws
which can be identilied and evalualed Ly trained perdonnel with
special equipment. The soldier in Lhe field must generally rely on
the following factors:

(1) Terrain—gratde 30° or steeper,
(2) Oid snow depth—enough to cover groutd obstvactious.
(8) Swrface crusted—snow slides ensily but only new snow

will slide. Surface loaogse—pond eohesion bhelween luyers
but both old an new snow may slide.

(4) New snow depth—10 inches or more,

() Spowfall intensity—1 inch per hour or more. Can be
assumed when snowfall iz heavy enough to restrict
visibility to 100-200 yds.
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{(8) Precipitation intensity—.10 inch per hour of water or
more plus atrong wind action. Can be assumed if snow-
fall intenaity is 1 inch per hour and snow ia damp or
noticeably heavy for dry snow, or dry snow is granular
or pellet in type.

(7) Settlement—noticeably low. Waich the snow collars
around the treed or posta,

{28y Wind—15 mph or higher average. Can be assumed if
snow is blown parallel or almost parallel to ground.

(9) Temperature—any sudden cheange up or down. Thawing
temperature day and night for 86 hours; that Is, no
overnight freeze. '

(10} Depth hoar-—must be assumed on any avalanche slope
in the high alpine zone.

168. Protective Meosures

Several methods can be used to reduce the effects of the
avalanche hazard, Some of the protective measures that may be
taken by units in avalanche areas are—

&. Hestrictions. Based upon terrain analysis and reconnaissance,
areas which are considered hazardous may be placed “off limits”
for all troops for a certain period of time. This may affect only
a few narrow avalanche paths, or an entlre valley, or several
valleys depending upon the terrain and weather conditions in the
area of operations. Enforcement of restrictions may be s necessity
even if the troops involved are reguired to conduct long and
time-consuming detours.

b. Stabilization. In combat, individuals and units may be re-
quired {o take calculated risks and enter areas described as
hazardous. The risks can be considerably reduced by application
of the following atabilization methods:

(1) Stebilization by skiing. By this means, the snow Is
caused to settle on the dangerous slope. Constant use of
the hazardous slidepath area alsp prevents the snow
from building up avalanche conditions. The work is done
by teams of expert skiers (2 and 8 on each team). Great
care, coordination between teamns, and supervision must
be exercised due to the dangerous nature of the work.
The leading man in the party, using the avalanche cord
and being belayed by the other members of the team,
skis the release points of the slope. The roped party
proceeds in a similar manner as deseribed in chapter 4.
As a result of this skiing action the snow will be either
stabilized or the slide triggered, either result removing
the avalanche hazard, -
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(2} Stabilization by means of explogives. Under extremely
dangerous conditions it may be safer to stablize the
snow by using hand-placed charges or hand grenades.
The safest way to do this is to throw charges of approxi-
mately 5 pounds over the creat, having the electric wire
coiled so thut the charge lands on the slope 15 to 20
feet below the crest. The charge may then be safely
detonated from behind the crest. Under certain anow
condilions more powerful charges may be required. As
a rule of thumb approximately 5 to 10 pounds of TNT
controls 100 feet of slope width. Huge cornices are
blasted by digging charges into the snow along the prob-
able line of fracture. Individuals digging holes and
placing charges must be helayed from the crest while
working.

(3) Stabilization by artillery and infaniry weapons. Carry-
ing explosives and demolition equipment up mountain
alopes in deep snow Is hard work. An easy way to cause
the snow to slide is to use artillery pieces within their
range. Due to the difficulty of moving artillery pieces
off the road or over secondary mountain trails, recoilless
rifles become the handiest tool in campaigns againat
avalanches.

(1) Stabilization by aircraft. Due to the fact that the uze of
artillery pieces as well as recoilless rifles is limited within
their range, avalanches may be set off against lines of
communications deep in enemy territory by use of air-
eraft. The pilot selects suitable slopes and causes the
snow to slide by using guns, rockets, or sonic boom.

¢. Use of Barriers. Lines of communications as well as various
types of fixed installations which are under avalunche threat can
be protected by construction of avalanche barriers. Barriers can
be formed by adding rocks and earth, eoncrele, or other gimilar
materials to any natural obstacles existing in the area. This addi-
tional bulkhead will tend to absorb some of the tremendous energy
of the slide. Diversion walls and piers may also be used to confine
the avalanche to a certain path, or turn it away from the installa-
tion to be protected. Such work is normally undertaken only
during static situations due to the amount of effort involved.

169. Safety Rules

a. General. Avalanchea are one of -the principal dangers of
winter mountaineering. Many of the hazards peculiar to avalanche
areas can be avoided or their danger greatly reduced by knowing
and practicing a few simple, common sense rules. The following
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rules of conduct are adhered to whenever it becomes necessary,
(ue to tactical or technical reasons, to negotiate snow-covered
terrain which threatens to avalanche.

b. Adjusting Equipment, To insure freedom of legs and arms,
the safety strap on the ice axe is removed from the wrist. When
-using skis, the bindings are Joosened to facilitate their quick
removal, and ski pole straps are removed from the wrists. Skia
in particular tend to get tangled, restrict movement, and get
dragged under the sliding snow. When snow conditions permit,
such danger zones may be negotiated more safely on foot, carry-
ing the skis. While akiing, falling i1a avoided and all movements
are execuled with eaution.

¢. Selection of Routes. Learn the avalanche paths and, when-
ever possgible, detour around the hazardous slopes. The creat of a
ridge is a safe route, but never move on the overhang of the
cornice. Avoid moving along the bottom of narrow, V¥-shaped
valleys (point X in fig. 70) where a disturbance of the snow

AVALAHCHE
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Figure 70. Danger of double ::mfnnc.';r.
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would caunse a double avalanche (from both sides) and fill the
narrow valley floor with masses of snow instantaneously. Move-
ment along the middle of wide, U-shaped valleys is less dangerous,
gince avalanches cceurring there would tend to expend their force
on the wide floor of the valley with little danger to troops moving
in the middle. Do not move above natural barriers such as moraine
(point Y in fig. 71) located on the valley floor, since the slide
obviously collides with the barrier.

MORAIME

Figure 71. Danger of uvalanche against moraine barrier.

d. Weather. Obtain the latest weather forecast from the best
available sources prior to starting a move, During the move be
alert for any signs of a change in the weather, Any sudden change
can be dangerous. |

e Ascent and Descent. When avalanche slopes must be ascended
or descended they are climbed as straight up or as straight down
ag posgible, preferably along a line of protruding rocks, ledges,
and trees where the snow cover is less likely to slide. Traversing
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back and forth is avoided since the snow cover s dissected and
greatly disturbed in this manner. Ravines, gullies, and low terrain

features which are locntions of snow deposits are avoided as much
as poasible.

f. Observation and Testing., The area to be traversed muat be
- constantly observed for signs of danger. It should be tested
whenever the tactical situation will permit. Before entering a
dangerous slope, a small area of the same grade and eXposure
ahould be tested. Windslab formations should be avoided, since
they give a {alse impression of their solidity. Watch the shadows;
when they point at a slope like warning fingers, sun action is at
its maximum, Seek the protection of heavy timber, windbeaten
slopes, and terrain barriers.

g. Proper Timing. Hole-up during and after a severe gtorm
until the snow has had time to slide or settle. Movement is possible
the firat few hours of a storm. Use the time to get out of
avalanche terrain. In spring avalanche weather, the period be-
tween 1000 hours and sundown is the most dangerous., The early
morning hours before sunup are the safest.

h. Proper Distance. In movement over areas of avalanche
danger, distance between individuals is greatly increased and
maintained in accordance with prevailing conditions and the area
to be negotiated. Only one or the least possible number of in.
dividuals are exposed to this danger at one time. If a dangerous
slope, steep hollow, or gully must be traversed, let one man test
the slope, belayed with the climbing rope by other members of
the party. Visual contact is constantly maintained and, If necea-

sary, warning posts are established or observers are stationed at
safe locations along the route.

t. Use of Avalanche Cord, On reconnalssance missions in ava-
lanche areas and especially when testing, one end of a brightly
colored cord (80 to 70 feet in length) is tied around the body and
trailed behind the individual. This brightly colored avalanche
cord is an additional safety measure and facilitates location and
rescue of Individuals buried by an avalanche, since the cord
ordinarily remains on or near the surface of the slide,

j. Action of Individuals Caught in an Avalanche. When caught
in an avalanche there are certain actions that can be taken by
the individual which will greatly increase his chances of survival
and recovery. Most important is DON'T PANIC, Maintain gelf-
control and attempt to stay on the surface and get out of the
main slide path. Execute “swimming” motions to combat the
tendency of the sliding, rolling snow to pull one underneath. Grah
any obstruction to assist the fight to the surface, Kick off the skia.
After being completely covered by the snow mass, hoth arms
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are held in front of the face and pushed against the covering

spow in an attempt to provide an air space before the slide
hardens.

1 k. Selection of Tactical Locations, Great care must be ex-
ercised in the selection of battle positions, command posts, out-
posts, security elements, battery positions, bivouac sites, and

administrative support bases in the areas where hazardous condi-
Lions exist.

170. Avalanche Rescue

¢. Swrvivel Margin. If an individuul ig eaught by an avalanche,
prompt and organized rescue operations offer the only hope of
getting the victim out alive. There are records of persons who
lived as long as 72 hours while buried. Ordinarily the victims
are either killed instantly by crushing, or die within a short period
from exposure, shock, and suffocation. Suffocation is the most
important item. Based upon experiences in the past it can be
concluded that two hours is the average survival limit, Snow is
porous and ordinarily contains enough air to support life, though
not consciousness. In about two hours an icemask, caused by
condensation of the victim’s breath, forms an air-proof seal
around his face and he dies of suffocation. Rescue operations are
{herefore designed to get the victim out within the two-hour
time limit, Due to some special circumslances which may prolong
the life of the victim—he may be in an air pocket—rescue opera-
tions should not be discontinued for 24 hours at least.

b. Phages of Rescue Operation. Successful resene operations
depend upon decisive leadership, proficiency of the search party,
and availability of special eguipment. The rescue operation is
divided into three phases—immediate action, followup, and
evacuation.

(1) Immediate action.

(¢) The rescue party on duty is alerted. Transportation is
arranged, and special equipment is iasued.

(b) Informant or eyewitness, if available, is questioned
for exact location of accident. Any eyewitness, even
if in poor physical condition, should return to the
geene of the aceident with the first party to point out
where the victim was last seen. This is extremely
important.

(¢} The first party is dispatched under command of the
most experienced officer or noncommissioned officer
available. The strength of the party should he at least
one squad or, preferably, one platoon, and should in-
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(d)

(e)

(F)

()

(%)

clude an aid man. This party should be on the way
wilhin 15 minutes after receiving the alarm,

The first party moves out lightly equipped. Speed is
the first consideration.

Upon reaching the scene of the accident, the leader
of the party posts an avalanche guard for the pro-
tection of the search party, when necessary.

The “last-seen point” is located and marked so that
it cannot be obliterated by wind or snowfall, From
his point downhill, the party makes a hasty search
of Lhe alide surface for the victim or any part of his
equipment. .
1f any indication of the location of the victim is
found, the probing begins in that vicinity. If no
indications are found, the probing starts in likely
locations such as obstructions in the aslide path. Trees,
houlders, and transitions cauge abateuctions, The Lip
and edges of the slide are also searched. A human body
iz bulky and all being equal, is apt to be thrown
toward the surface or the sides.

If the victim is found, firat aid (artificial respiration)
must be administered at once.

(2} Followup.

(m)

(b)

(¢)

The atrength of the firat rescue party is urually amall
lo enable them to get ready and move oul rapidly.
If the area to be searched is extensive, a second or
followup party must be sent to the accident scene as
reinforcements. The second or followup party should
move out in half an hour or not later than one hour, It
carries & complete aet of equipment including probes,
shovels, 200-pound sled, radio, rations, and other items
as required.

In the 30-60 minutea at his disposal, the unit com-
mander or hia representative organizes and equipa the
followup party and notifies all necessary military
authorities of the incident.

If the firat party has been unsucceasful, the followup
party begins systematic probing of the slide, be-
ginning at the tip and working up toward the *‘last-
seen point” (flg. 71). Probers are spaced shoulder to
gshoulder and probe every square foot. Probes must be
pushed through the snow very cautiously to aveid
injuring the victim. If the last-seen point is known,
a special group may be assigned to probe any sections
of the strip from this point downhill
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SKETCH
SHOWING RESCUE
IN SNOW SLIDE
EIGHT MEM, SHOULDER TO SHOULDER
PROGING SYSTEMATIGALLY, ROW BY ROW
WITH POLES. ROWS 18" WIDE. EDGE
OF ROWS MARKED TO IDENTIFY ALIGNMENT.

Figure 72. Probing diggram.



(d) 'The firat party mny be relieved by the reinforcements

If necessary,

(e) Shovel crews are organized to assist the probers,

relieving them at intervals and digging in any likely
spots., They should be prevented from haphazard
digging and wasting energy.

(f) Time spent in systematic probing should not exceed

3 to 4 hours, If this is unaucceasful, the alide must be
trenched by the reinforcing elements.

(g) Trenches are dug parallel to the contour down fo

ground level or undiaturbed snow at intervals of six
{eet, Digging beging at the tip of the slide and proceeds
uphill, It i3 fensible to space the shovel teams along
one trench with frequent intervals, In thia manner
snow from one trench can be thrown into the one
just completed,

(&) If trenching is necessary, the operation ceases to be

(3)

of an emergency iype.
Evacuation, Artificial respiration for suffocation is ad-
minizgtered to the victim az cutlined in FM 21-11. The
evacuation is conducted as outlined in chapter 8 and
in FM 31-70.

e. Avalanche Reseue quipment, The following rescue equip-
ment ig considered the minimum for organizations of the hattle
group Rize; it should be readily available to the alert force at
all timea:

172

(1)
(2}

(3)
(4)
()
(6)
(7)
(8)

(9)
(10)
(11}
(12)
(13}

12 probes [(sectional preferred-—otherwise metal or
wooden rods l4-inch diameter, minimum 12-feet long).

12 snow shovels or shovels, GP, round point, short
D-handle.

12 flashlights with spare batteries,

6 climbing ropes, nylon, 120 feet long.

6 avalanche cords, colored, 65-100 feet long,

1 sled, 200-pound, with harnesses and tow ropes.

1 emergency evacuation bag or 2 sleeping bags, arctic,

1 set of firat aid equipment to include chemical heating
pads.

Emergency rationa.

Stovea and cooking equipment.

Skia, ski poles, and climbers for each individual.
Tentage.

AN/PRC-6 and AN/PRC-10 {ype radios.
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Section V. MOVEMENT OVER SNOW AND ICE

171. General

a. Movement over snow with the aid of skis and snowshoes ia
discuased in detail in FM 31-70,

b. The prineciples which apply to movement over rocky terrain
also apply to over-snow travel when slis or anowshoesa are not
used. When snow lies over a foundation other than glacier ice,
and the terrain is not steep, no special technigques are called for.
Efficient progress depends largely upon proper route selection
and on using such procedures as minimize exertion. Rock climbing
requires gymnastic agility, combined with good judgment in
gelecting a safe and direct route. '

172, Movement Over Snow and Ice

a. On very steep slopes in deep snow, the climber may climb
straight up facing the slope. The ice-ax driven directly inte the
snow provides a quick and effective protection in case of a slip.
It is usually best, however, to climb snow slopes in a zig-zag
fashion in order to conserve strength, If the snow Is hard-frozen
firm, ithe composition asole of the boot will generally hold by
kicking steps, even in steep slopes, Where it is difficult to make an
effective scrape with the boot, a scrape with the adze end of the
ice-ax makes an effective step. In these gituations erampona should
Le used for faster and easier movement.

b, When descending in snow, one can usually come straight
down even in steep terrain. Movement downhill should be slow
and deliberate and with an even pace. The heels should be kicked
vigoroualy into the snow wherever it is hard packed. The body
may be kept erect with the help of ice-ax, which may be jammed
into the snow at each stép for additional safety. Here again,
crampons or step-cutting should be utilized.

¢. Step-cutting in ice is done with the pick end of the ice-ax,
In eulting ice a blow directly in and another diagonally toward
the first will usually fashion a rough step which may be finished
off with the adze end of the ice-ax. Black (dark) ice iz harder
and requires more blows. The blows should be directed into the
ice at as near a right angle as poasible to reduce the danger of
flaking off the outside layersa. The step should slope slightly inward.
It does not need to be commodious except ut resting places. In
climbing, stepa may be cut straight up or on a diagonal line of
agecent. In descending it is seldom praclicable to do anything
except to cut steps in a diagonal line.

d. Use of crampons greatly facilitates ice and snow climbing.
Balance is very important and the ankle should be flexed so that
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the erampon poinls are nl right angles to the slupe. On hard
snow the points of the crampons will bite easily, but on ice the
foot should be stamped down hard to drive the spikes in.

e. Belays are more diflicult to secure on ice and snow than on
rock, but they are equally necessary. In general they are obtained
by use of the ice-ax although ice pitons are also used; for
rappelling, a belay point can be cut directly into the ice itself.

f. On hard packed anow slopes which can be seen from top to
botiom and which are not too steep, it is possible to glissade
(fig. 72). Glissading should not be attempted unleas the hottom
of the slope can be scen, otherwise unseen obstacles may reault
in serious falla,. Glissading in a sitting position gives little control
of descent. In the standing position, the body must always be
kept erect, as nearly upright as poassible, and with the ice-ax
firmly held in the hands. The ice-ax ia pressed back into the anow
when necessary. Turning the toes to one side or the other changes
the course of descent. Turning sharply to the side on which the
ice-nx is held increases the pressure on the ice-ax and brings one
to a stop. To slow down, pressure of the ice-ax is sufficient. Glissad-
ing down aolidly frozen ice slopes is dangerous, and should not
be attemptled.
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Figure 73, Glissading.

174 AGO 10038B



Saction V. MOVEMENT OVER GLACIERS
173. Principal Dangers

_ @ The principal dangers of glacial regions are crevasses, ice-
falls, and ice avalanches.

b. (3lacial erevazaes make movement an a snow covered glacier
very trecherous. In winter, when visibility is poor, the diflieultly
of recognizing them is increased, Toward the end of the summer,
crevasses are broadest and are covered by the least anow. Snow
bridges constitute the greatest potential danger in movement aver
glaciers.

c. In a steep pitech of a glacier, ice pinnacles and towers rise
in a composition of criss-cross crevasses, These break off and
fall because of gradual melting, their own weight, and the move-
ment of the glacier. Ice gvalunches result nnd often threnten men
at the foot of ice wall hanging glaciers. The greatest dangers lie
in the gullies below hanging glaciers. Such threatened zones must
be erpssed as fast as poasible and are sufer before sunrise,

¢, Light and heat rays reflected from ice, snow, water, and
bright rocks irritate and burn the skin very rapidly, causing
giacinl sunburn, Sunburn ean oecur on cloudy duys. & strong
wind will make the burn more severe. Sunbuyn cream should be
uged frequenily on all expoged skin surfaces. Tt is particularly
dangerous to expose parts of the body which are not accustomed
to the sun's rays. As soon as any part of the body becomes burned,
it should be protected from further exposure. Particularly bad
cases of burn very often lead to fever and also to a lessening of
muscular activity. It may often take several days hefore the
casnalty is fit for duty.

e. Snow Dllindness occurs when sun is shining brightly on
an expanse of snow, and ig due lo lhe reflection of ullraviolet
rays. It is particularly likely to occur after a fail of new snow,
even when the rays of the sun are partially obsecured by a light
miat or a fogz. In moat cases, snow blindness i3 due to negligence
or fuilure on the part of the soldier to use his gogrles. Symptoms
of snow blindness are a sensation of grit in the eyes, pain in
and over the eyes, watering, redness, headache, and photophobia
(distaste for light). Pontocian or butyn ointment and zine sulphate
dropa are the predcribed treatment for anow blindness. A poullice
of cold used tea leaves may be used Lo give relief if the drops
are not available. Dark eye shades or bandages should be placed

over the eyes,

174, Use of Rope
A roped party of two, while idenl for rock elimbing, is ut a
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great disadvantage on n snow-covered glacier, since it is almost
impossible for one man alone to rescue another who has fallen
into a crevasse., The best combination 18 a three-man party,
tied in on a single rope. Each member should carry in a coil
enough of the intervening rope to eliminate a direct pull on his
body loop. The rope shounld touch the snow aa little as possible,
gince a wet rope kinks badly and may freeze and become un-
manageable (fig. 74). It is best to travel roped at all timea when
on the snow-covered part of a glacier, At times, it may desirable
to use the rope on the snow-free part also.

175. Roules

The individual operating in the mountains must appreciate
certain limitntions imposed by nature in glacier movement, Access

Figure 7§, Method of carrying rope coil when moving on placiers.
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to the end portion of a glacier may be diflicult due to abruptness
of the ice and possible presence of crevasses on this section of a
glacier. Additional obstacles in getting onto a glacier may be
swift glacier streams, steep terminal or lateral moraines and
abrupt mountain terrain bordering the glacier ice. The same
obstacles may also have to be overcome in getting on or off a
valley glacier at any place along its course. A further considera-
tion Lo movement on a glacier are steep sections, heavily crevassed
porltions, nmd jee Falls which may be major obstacles Lo progress,
Previous reconnaissance from a vantage point on the ground, the
use of up to Jdate aerial photographs, and aerial reconnaissance

of the uren ol operations are most valualle and sheuld he made
in advance.

176. Crossing Crevosses

a. Crevasses which gape wide open are obvious, and their
presence is un inconvenience rather than a danger to movement.
Narrow cracks can be jumped, provided the tukeoll and landing
spots are firm and offer good footing. Wider cracks will have to
Le cireumvented unless a solid piece of ice joins into an ice
bridge strong enough to support the weight of the party. Such
ice bridges are often formed in the lower portion of a crevasse,
conneceting bolth sides of it

h. In the zone that divides seasonal melting from permanent
ralls of snow, lurge crevasses remain open, though lheir depthy
may be clogged with masses of snow. Narrow cracks may be
covered. In this zone, the snow which covers placier ice melts
more rapidly than that which covers erevasses. The differentiation
Letween glacier ice and narrow, snow-covered cracks is immecli-
ately apparent, for the covering snow is while, whereas lhe
glacier ice is gray.

¢, Usually, the upper part of a glacier is permanently anow
covered. The snow surface here will vary in consistency from dry
powder 1o consolidated snow, Below this surface cover of snow
are found other snow layers that become more crystalline in
texture with depth, and gradually turn into glacier ice. It is in
this snow-covered npper part of a glacier thal erevasses are most
ditlicult 1o delect, for even wide crevasses may be complelely
concenled by snow bridges.

d. Snow bridges are formed of windblown snow which builds
4 cornice over the empty interior of the crevasse. As the cornice
grows from the windward side, n counlerparl s formed on ihe
leeward side. The growth of the leeward porlion will be slower
than that 1o windward so that the juncture of the two cornices
acents over Lhe middle of the crevasse only when the contributing
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winds blow equally from each side of the crevasse, Bridges can he
formed also without wind, eapecially during heavy falls of dry
snow, and since coliesion of dry snow depends only on an inter-
locking of the branches of delicate crystals, such bridges are

particularly dangerous during the winter. When warmer weather
prevails during the summer, the snow becomes settled, is more

compacted and has greater carrying capacity and firmer bridges,

e. Once a crevasse hana been completely bridged, ita detection
is diflicult (fig. 75). Bridges are generally slightly concave be-
cauge of the settling of the snow, and this concavity is per-
coptitde in sunshine, but impossible to detect on dull days or
during a snow storm. If the presence of hidden crevasses is
suspected, the leader of a roped party must probe the snow in
front of him with the shaft of his lce-ax or with some similar
ingtrument. As long as a firm foundation is encountered, the
party may proceed, but should the shaft meet no opposition from
an underlying layer of snow, a crevasse is probably present. In
such a situation, probe closer to the standing place to make sure
that the party is not standing on the bridge itaelf. If a0, retreat
gently from the bridge and determine the width and direction of
the crevasse. Follow and probe the margin until a8 more resistant
portion of the Lridge is reached. When moving parallel to a
crevasse, all members of the party should keep well back from
the edge and follow a courase parallel to it.

Figure 75. P'robing for o crevasse.
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f. A crevasse should be crossed at right angles to its trend
unless a diagonal bridge is clearly visible. When a bridge which
seems sufficiently strong to hold a member of the party has been
located, proceed as follows:

(1) The leader and second man take up positions at least
10 feet baeck from the edge of the crevasse., The third
man stands the full rope distance behind the second man.

{2) The second man belays the leader by plunging the shafi
of his ice-ax firmly into the snow surface, taking a loop
around it with the rope, and paying out line as the
leader advances. If the snow is too powdery to provide a
paod anchorapge for the ice-ax, the second man should
git in the snow with his feel braced in front of him
and use the hip belay prescribed for rock climbing.

{3) The leader should move forward, carefully probing the
snow and evaluating the strength of the bridge, until
he reaches firm snow on the far side of the crevaase,

(4) Having crossed the crevasse, the leader should belay
the second man in the same manner as described in
(2) ahove.

{(6) When the second man has crossed safely, the leader
should move forward to a secure position while belays
are provided for the remaining members of the partly
by each succeeding climber.

(6) In case the rope Interval is insufficient for the leader
to reach firm snow, the second man must unrope, undo
the knot, and have the third man move up to a position
which will allow the leader to reach a secure position.

g. In crossing crevasses, distribute the weight over as wide
an area as possible. The use of skis or snowshoes is recommended
for thias purpose. If afoot, glide the feet into position. Do not
stamp the snow. Many fragile bridges have leen crossed hy
lying down and edging over to the other side,

177. Crevosse Rescue

. 'To provide a quick means of holding an unexpected break-
through Lhe rope is always kepl taut and the rope is secured to
the ice-ax handle with a small butterfly knot. As an unex-
pected break-through by the first man takes place, the second
and third man thrust their ice-axes immediately into the snow
to arrest the fall. A fall through a snow bridge results either in
the climber's becoming jammed in the hole broken by his feef,
or in being suspended within Lhe crevasse by the rope (fig. T6).
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Figure 76. Delaying of leader who has fallen through a snow bridge.

h. If the leader has fallen only partially through the anovw
bridge, he is supported by the snow forming the Inidge. He
should not thrash about. This will only enlarge the hole sl
will result in deeper suspension. All his movements should be
slow and aimed at rolling out of the hole and distributing his
weight over the remainder of the bridge. Pulling on the rope
with one or both hands is of great assistance. The wictim can
help himself more than he can be helped by the second man,
whose duties consist primarily of belaying the rope firmly to check
any further break-through on the leader’s part. It generally is
aafer to retain the pack, as its bulk often prevenis a deeper fall,
Disearding the pack may menn ita loss if a larger break-through
occurs. Should g climber other ithan the leader experience n pariial
fall, the rescue procedure will be the same as for the leader.

¢.  {1) When the climber is suspended by the rope, the length
of hia fall depends upon how quickly the rope can he
checked and where in the bridge the break takes place,
IT the Tull oeeurs close Lo the near edge of the Crevilsse,
it usually can be checked Lefore the climber has fallen
more than 5 or 6 feet. However, if he i3 nearly ACross,
the fall will cause the rope to cut through the bridgae,
and then even an instantaneous check by the second
man will not prevent a considerable fall.
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(2)

In such a fall, it is necessary to act promptly to re-
lieve the constriction of the loop around the victim, The
victim can ease the strain by lifting himself on ihe rope,
but he can do so for only a very short periad, during
which time those on the surface must aseertain the con-
ditlons existing in the erevasse. For example, where firm
nmasses of smow clog the crack some distance below the
surface, it is easier to lower the victim to such a plat-
form and begin rescue operations from there. In estimat-
ing the cenditions within the crevusse, it should be
remembered that it is almosl impossible {0 hear the
voice of the victim even a short distance from the hole
{through which he fell. Therefore, one member of the

partly, while belayed by anolher, must approach the
hole in order Lo gain the requived infoyrmnlion.

d. (1) Since a snow bridge is usually strongest at the edge

{2)

e. An

of the crevasse, & fall is most likely Lo occur some dis-
tunce away from the edpe. Tn such places, the ronoe
usually bites deeply inlo the snow, thus greatly in-
creaging friction for those pulling from above. In order
to veduce friclion, place an lee-ux or ski wnder the ropo
and at right angles to the stress (fig. 77). 1f a ski is
used, place the running surface down so that the rope
will nol cul on Lhe edges, Push the ice-ax or ski forward
as far as possible toward the edge of the crevasse. 1f
the victim is able to reach firm footing within the
crevasse, and thus relieve the strain on the rope, the
support may be placed at the most advantageous point.
Whether or not the victim is able to yeach frm Footing
within the crevasse, the rescue procedure remains es-
sentially the same. Spare vope should always e car-
ried by a single rope party. If no spare ropes are avail-
able, as many members of the party as necessary will
have to unrope to proviide suiticient vope 1o reach the
fallen man. The simplest and guickest procedure is 1o
lower the loose end of Lthis rope until he can reach ii;
it then is securely beluved on the surfuce. While he
is being pulled up he pulls himself up on the anchorail
rope, 1is progress is aided by Lhe reseuers taking up the
Lody line. Whereveyr possjble, 1he purty or parlties tul-
lowing should move up 1o usgsist in rescue opevations,

alternate procedure is to tie a nonslipping stivrup at

the end of the rope and let it down to the fallen mun (dg. 78).
He puasses it inside his body loop, and down to o level where he
can place one foot in Lhe stirrop and stand ereet. By slackening
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Figure 77. Ascending from erevasse on a fized rope.

the body line in this way, it can be taken in and made fast
by the belayer. The fallen man then places his weight on the
body line while the foot loop is raised from above and held Tast.
An upward step is thereby provided for him. By a repetition of
these operations, he approaches the lip of the crevasse. If an
overhang is encountered here, the best procedure is for him to
grasp the fixed rope, place both feet against the snow or ice
of the crevasse wall and “walk” out over the overhanging
gnow while the slack on the body line is taken in and belayed
from above.
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Figure 78. Ascending from crevasse by means of fool on fized rops.

f. If the suspended climber is injured or unconscicus and un-
able to help in his own rescue, additional assistance by one or
mote rope parties is then needed to recover the victim promptly.
One man is lowered into the crevasse to help the vietim. To in-
sure free movement and unnecessary slrain on the lowered
climber a three-loop bowline knot is used. Two loops are made
larger and one is passed over each leg, while the third and smaller
loop is placed around his chest. To facilitate recovery operations
and for additional safety, it is advisable to secure him with
an additional section of a ¢limbing rope. As this climber is lower-
ed, another rope which is also provided with a three-loop bowline
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knot is passed down to him. The victim is tied to this rope by
the rescuer in the same way, I'he rescuer helps the vietim ad
both men are then pulled out of the crevasse by the belayers above.
If feasible it will fucilitale the recovery of the two climbers if
Lhe second rope securing the victim or the rescuer in the crevasse
is managed from the opposile side of the crevasse where the
© necessary belayers lnke up their positions in advance. In this
manner vielim and rescuer are pilled free from the crevasse
wall and ns they reach the top of the erevasse the ropes on one

side are slowly slacked off while both men are pulled over the
tpposile erevagse olyre.

(1) When additional assistance eannot be secured, rescue
operalions are more dillicult and actions taken depend
mainly upoen the circumatances. They must be made in
the best inderest of the injured man, I is most important
that he is relieved from his suspended position as soon
as possible, |

(2) If the victim is injured so that he cannot use cither leg
in the stirrup method described in e above, the loop of
the lowered rope section is then made sufliciently large
to be passed by the victim over his shoulders and around
his chest, Secured in this manner he ia then pulled up by
both belayers, When the victim is unable to move or is
unconseioug, possibilities of lowering him to a firm anow
hridge or shelf immedialely below him are investigated
by the second helayer while he is secured by the other
climber, This possibility i=s only of advantage when addi-
tional help can be secured within a reasonable amount
of time and the victim rescued. Prolonged exposure in
suiich environment is prone to cause frostbite and shock
in a relatively short period of time. If this procedure ia
not practicable the viclim is pulled cautiously by both
belayers out of the crevasse. An attempt should first
be made te lower n rope section with a large loop and
pass it around the upper part of the victim's body in

an effort to keep him in an upright position and for
additionn]l safety.

g. Usually a leader who has been extricated from a suspended
fall should not be permitied to resume immediately the responsi-
bility of route selection. A free fall of only a few feet and the
resulting rescue operationa are a severe strain on a man,

. Should it become necessary for a roped two-man party to
traverse a glaciated area, each man should have in his poasession,
and readily available, three Prusik slings of about ten feet in
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cireumferenve, and strongly spliced at the join. If one man falls
into a erevasse and is belayed by his companions, he aftixes Lthese
slings with Prusik knots to the climbing rope above his head.
The loose ends of two slings are passed down through the waist
loop, and the man then steps with both feel onto the slings. The
third sling is placed around his body. By weighting one foot, he
relaxes the other sling permitting the knot to be pushed farther
up the rope. Thus, by alternate action with each sling, and by

pushing the waist loop knot even higher, the man extricates him-
self from the crevasse,
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CHAPTER 6
COMMUNICATIONS

Section 1. USE OF WIRE AND RADIO

178. General

In mountainous country a commander musat give signal com-
munications high priority in hig planning and supervizion. In
moat instances, communications can be maintained by TOE com-
munication equipment supplemented with additional allowances
of radios for establishing radio relays, and lamps and flags for
visual signaling. For information on communications see FM's
7-10, 7-21, 7-24, 11-8, 11-10, 24-5, 24-18, and 24-20,

179. Wire

n. Wire communication is a very dependable meana of com-
munication and can be nsed to great advantage in mountainoua
areas. There will be encountered, however, problems in installing
wire communication systems due to the terrain over which the
wire lines muat be laid. The installation of a wire system in
mountainous areas require2 careful planning and installation in
order to insure that the wire is protected from avalanches, rock
falls, landslides, severe storms, and deep snow. Because of the
uncertainty of radio communicalion, it is important that the wirve
aystem funection econtinuously during displacements, as well as
during static situationas.

b. Wire may be laid using vehiclea of various types; however,
the 14-ton truck is more adaptable to use vn narrow and some-
what limited trails that may be encountered. If vehicles cannot
be uszed it may be possible to lay wire lines from reel units RL-
8% or MX-306 dispensers attached to packboards. If arems are
encountered where it is not possible to lay wire from either
vehicular mounted equipment or equipment mounted on pack-
boards it may be possible to utilize aircraft, either fixed or rotary
wing. If ajrcraft are used consideration should be given to the
capability of the enemy to deliver fire against such aireraft.
Kits are available for use in conjunction with aireraft in situa-
tions that require them.

¢. Particular care should be exercised in the selection of routes
over which wire lines are to be laid. If posasible, avoid roads that
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are being used as main routes of march. Roads and trails should
e used as guides only; the wire should be laid at least b feet
off. Where no trails exist, wire should be laid over the less acces-
sible routes. This is to prevent troops from using the wire as
a puide and consequently breaking it. With practice, wire teams
can elimb an easy roule and swing the wire over an extremely
difficult one, If a route becomes impassable due to chasms, ete.,
the raps may be crossed by using the rifle grenade or rocket
lnuncher methods of projecting the wire. If these melhods are
not successful the wire team may have to be assisted by either
fixed or rolary wing aircraft.

d. In an attack wire should be laid, when practicable, im-
mediately to the rear of the altacking echelons of each rifle com-
pany. This iz accomplished by using wire-carrying parties
equipped with dispensers mounted on packboards with a field
telephone or a sound powered telephone altached Lo Lthe wire.
This affords continuous communication while the wire is being
laid, thereby enabling the company commander to contact the
batltle group command post as necessary or at prearranged in-
lervals. The wire carrying party should stay wilth Lthe company
commander at all times s0 that telephone communication is im-
mediately available to him. When oljectives are secured, lateral
lines may be laid between companies.

e. In using wire, care must be exercised in handling and lay-
ing in order to minimize breakage and damage due to abrasion.
On steep slopes, wire should be tied and tagged frequently to
prevent interruption and simplify maintenance. Shorts may oec-
cur frequently, due to high winds, and they may be found at
points where the wire is tied in. A solution to this problem is
to lay two g -arate wire lines as conductors for one cireuit, several
feet apart and then tie or peg down each line at regular intervals.
This allows more conductors thereby increasing ithe transmis-
sion range and reducing the possibility of interruption of the
eirenit due to trouble on the line.

f. It may be possible to make one trunk line serve a number
of units by instulling a switchboard at the termination point and
laying lines to the unita to be served by the switehboard.

7. The use of teletypewriter service is not limited by mountain-
oud terrain, and should be ulilized ag frequenily as possible, The
equipment is portable and may sometimes funection on a circuit
not suitable for telephone communication. Streams can frequently
Le used to ground teletypewriter circuits.

180. Radio
¢. Radio communications are frequently interrupted because
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of mountain or tree masses. Iligh frequency sets using the sky-
wave mode of transmission are best for mountain communica-
tion. The use of a relay set on the top of the mask will aid high
frequency sets in crossing these masks. Artillery liaison and
forward ohserver rarios should be packed on packboards, so that
when it is necessary to tove across country, time will not be
lost in packing them, The satisfactory operation of radios in this
tvpe of terrain will depend, to a great extent, on the resourceful-
ness and perseveranee of lhe opernfors. The use of half-wave
antennas at the proper height above ground and oriented to utilize
the directional characteristics will also be of value.

h. Asa reneral rule VHE (very high frequency) radios (tacti-
eal FM (frequency modulalion) radio sels in the frequency band
20 to 50 megacycles and higher) require a line-of-sight path be-
tween transmitter and the distant receiver for best results. There-
fore inerensed ranges and reliabilily can be achieved il Dbotlh
terminals of a radio circuit are located just below the crest of
a mounlain penk. In the event Lhat unavoidable intervening
mnsks exiat belween the terminals it may be necessary to rely
upon an intermediate radio relay station. If the transmitter and/
or Lhe receiver mml ils antenna is imbedded in a deep ravine or
gully or in a mass of humid, leafy woods, reduced strength of
signals will result. Radio sets sited ingide of rock tunnels be-
come shielded and frequently can neither send nor receive. In
situations where radio communications should normally be pos-
sible hul diMicullies develop, shifling the lnealion of the sel only
a few feet will often improve VHF tranamission and reception.

o. Caution should be exercised in placing antennas in mountain-
ous Lerrain 1o obtain line-of-sight transmission, Anlennas must
he so located as to aveid intervening land masks and yet so
located that the antennns are not readily cobserved by air or
ground observers, Antennas should not be placed on the crests

of hills or mountains unless absolutely required to obtain satis-
factory communications,

d. The exlreme and rapid changes in temperature encountered
in mountains create a problem in keeping radio sets and batleries
dey and at an even temperature, Battery failure, moisture, and
cold are the principal causes of reduced efliciency of the stand-
ard portable radio. Radio operators should carry as many extra
balteries aa possible. In cold wealher it may be neceasary Lo wrap
the set in a moisture-proof bag and keep it in a warm place.
Extra batteries can be carried in the inside pockels. On warm
davs the batteries should be kept out of the sun.
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e, Certain of the heavier radio sets arve capable of being bLroken
down and transported by packboards. Drill in packing, uupack-
ing, and the setting into operation of such sets must be practiced
until each member of the team is thoroughly familiar with the
packing of euch part, and the placing of each in the proper place.
This will develop apeed in handling and insure against the loss
of any vital part during a hurried move under difficult conditions,

f. It i3 often difficult to establish air-ground radio communica-
lion becnusde of the existence of dead space caused by interven-

ing mountain masses, Ground plane untennas often improve poor
radio communications.

Section Il. VISUAL SIGNALING AND USE OF MESSENGERS
181, Visual Signaling

. Visual signaling assumes increased importanee in the moun-
tains, Long lines of sight afford muany excellent opportunities for
its nse, Visual equipment, being light in weight, is more easily
curried than other communication equipment., It can be easily
improviged. Olservation points ave almost nlways available,

h. The semuaphore method of visual signaling has proven very
wuccessful, being both easy to learn and usable at distances uop
to 4,000 yards. It is desirable for all olflcers, noncommissioned
oflicers, reconnaissance and communication personnel, and mes-
sengers of unils operating in mountains 1o be uble to read
and send semaphore. It has been found that its use is not con-
fined to communieation personnel only, but that any soldier may
have to send, however slowly, some importunt messages. A soldier
may often he separated by only a short dislance by impassable
Lerrain from someone with whom il is necessary Lo communi-
cate, The alphabet can be learned by the average soldjer in b
or 6 honrs of proper instruclion. Thercaflier albout 20 minutes
of visuul signaling drill daily will keep him in practice. Utmost
precision in the execution of each move should he stressed from
Lthe heginning of the instruetion. Care should Le exereised in se-
lecting the backpground for the {lags, and in achieving all pos-
sible security from enemy interception, Wigwag is slow and
clumay, hul ean be read over somewhat longer distances and

can be senl from less exposed positions, At night a hand lamp
may be used.

¢, The blinker light can be read at least 1 mile in clear day-
lirht and several miles on clear nights. Radio operators should
vse the standard procedure in sending messages by blinker; pre-
arranged message codes can be flashed by an operator who does
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not know the internationul code. Signal lamp equipment or flash-
lights may be used to send inlernational code or prearranged
mesaage codes, '

d. Lamps and flags for visual signaling purposes may have
* to be improvised or procured as additional equipment, If no stand-
ard equipment is available, strips of cloth tied toward the outer
end of aticks of woml or hayonels will serve for flags. For short
ranges, when the use of flage would be unduly conspicuous, the
waving of hands, arms, or handkerchiefs may be used.

e. Under favorable conditions, the sun's rays can be caught and
reflected by means of a mirror on heliograph device and used
to transmit messages. Pyrotechnic devices can be used in the
mountains as in normal terrain to send prearranged messages
requiring immediate action or when other means of signal com-
munication are uncertain or teo slow. In order to insure trans-
mission through mountain fog and clouds, it may be necessary
to set up a chain of stations to relay pyrotechnic signals. Smoke
signals can be used to attract attention, or as a substitute for
pyrotechnic devices. Panels are used in the mountains as in the
flatlands, although difliculty may be experienced in finding a
suitable panel display ground.

f. Because ghservers must be well forward and wire is limited,
infantry heavy weapons personnel must often depend on visual
gignaling. In the commander’s plans for coordinating supporting
fires, he muat provide for the use of visual signaling to comple-
ment other means. :

182. Messengers

¢. Messengers are necessarily slow in the mountains and re-
' quire intensive training to become dependable. In rough heavily
wooded country, V4 mile per hour is congidered fair speed. Even
a trained messenger with a map can become lost in the daytime.
When visibility is poor, a messenger may find his way to a com-
mand post by following existing wire lines, however, messengers
should not pick up wire linea for use ns a guide.

b. Messengers should be dispatched in pairs and should be
taught to depend on natural terrain features for orientation,
rather than relying too much on roads and other manmade land-
marka in linding their routes. When in a new position, measengera
should be sent to the command post prior to darkness to find the
route. Since darknesa will change the appearance of the trail,
messengers should backtrack after dark in order to familiarize
themselves with landmarks in darkness, When operating in senow
covered terrain, all messengera should be proficient skiers.
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CHAPTER 7
TRAINING

Section |. MILITARY MOUNTAINEERING

183. General

A carefully integrated, organized, and staffed military moun-
taineering school is the best means for developing expert military
mountaineers. Training should be continuous and uninterrupted
for best results. See appendix II for suggested training program.

184. Selection of Students

a. Enlisted Men. Students should be volunteers who understand
what they are undertaking.

b, Officers. In the selection of officer students, mental traiis
should receive prior consideration. Steadiness and the ability 1o
improvise are the most important ; intelligence and physical endux-
ance are only slightly less important.

185. Instructors

a. Selection. In addition to meeting the qualificalions of pros-
pective students, instructora should be able to explain clearly and
demonstrate precisely both theory and practice when handicapped
by lack of uniform iInstruction areas. Senior instructors should
be personnel who have had vast experience as mountain climbers
in civilian and/or military life.

b. Training.

(1) Instructors should be given a course closely resembling
Lbut in more detail than that given to students, plus classes
in military methods of instruction.

(2) Training may be considered complete only when a candi-
date cannot only do, but also can explain clearly every
operation he has been taught.

(3) Care should be taken to acquaint instructor classes with
varied rock terrain to inelude all areas in which he will
teach.

{4) Safety precautions must be stressed. Avoidance of acei-
dents depends largely on the instructor's understanding
of their causes, and the enforcement of safety pre-
cautions.
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¢. Duties. The instruclor is responsible for the safety and train-
ing of his class and Lhe proper care of the equipment. Sluddents
should be graded on ability to perform required operations, un-
derstanding of subject matter, and special leadership or instruc-
tional ability. Coentinued unsatisfactory grades should result in
_ the rejeclion of the student receiving them.

186. Supervisors

The supervisor oversees the conduct of training. He should—

a. Be an experienced and expert mountain climber.

h. Make sure that safety precautions are not being overlooked.

¢. Correct errors of techniques and instruction.

d. See that grades and other necessary records are maintained
properly. |

e. Act on all complaints and suggestiona personally if possible,
or refer complaints to proper authority.

f. Solicit suggestions for improvement of training from instruc-
tora and atudents, '

¢. Assign areas fairly and insure that classes do not endanger
or interfere with each other,

. Encourage interchange of areas by instructors, and encour-
age regular exchanges of areas with other supervisors,

i, Acquaint himself with, and constantly seek to develop, im-
proved techniques nnd training methods,

j. Organize; be prepared to present demonstralions.

187. Class Organizalion
The following organization is sugpested :

a. The company, under the chief instructor, is grouped into an
even number of groups,

b. Classes of approximately 6 men are grouped into platoons
under the control of the platoon supervisor and his assistant.
Size of platoons is governed by the limiting effect of terrain on
control. Platoon size should not normally exceed 12 classes. Pla-
toons should be kept intact so far as circumstancea permit.

¢. 'The basic class containg 6 men. At the beginning, classes may
contain 10 men. Individual soldiers should be grouped according
{o organization. Qilicera ahould be grouped according to component
and organization, No class should contain both officers and enlisted
men until the climbing exercise phase of instruction.

188. Training Aids

a. General. Training aids should be used to supplement prac-
tical work, but not ns a subatitute for it.
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b, Trainiiiy Films. Training films and ilm strips should be used
primarily for orientation. In the absence of appropriate films,
conference supplemented by charts are an adequate expedient.

e. Belay Tower, ‘

(1) Function. Cliffs suitable for safe holding of severe prac-
lice fulls may seldom be availuble. The belay tower (fiy.
T9) will nccommodate 8ix classes, two ropes heing used
concurrently on each face.

2" X 4" FOOT=
BRAGE

OVERHANG—2'8" ON FACES

PLANKING 1" X )0"
UNFIN, OAN
SPAGED 3" APART

FRAME 8"x 8"

35— 150" ————ty

5 —o'o—

Fiégure 8. Helay toiver.

(2) Number. Enough heluy towers should be built to accom-
modute one-third of all classes ut one time.
{3y Employment,
{¢t) Kuller lies into end uf climbing rope with bowline on
a coil under buttocks. Number of loops on coil is
changed periodically Lo distribute wear on rope.
(I) RBelayer ties in on end of ropes using bowline, assumes
desired position, and anchors with bight of climbing
rope to eyebolt in anchor pluie,
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(¢) Imstructor takes position on top of tower belween
belayers where he can see fallers and belayers.

(d) Practice falls progress in severity until the belayer
holds, to the instructor's satisfaction, falls of 4 feet
(mensured by the amount of slack accumulated by the
faller prior to his fall} for sitting and standing posi-
tion. o

(¢) Faller and belayer change over and procedure is re-
peated until entire class has recelved inatruction.

(f) Unoccupied students may learn rope signals while re-
heatsing rope management for glow-motion, simu-
lated falls,

{g) Rope signals will be used throughout practice fall
instruction excepting as a warning for falling which
will be *Fall” - '

(1) The training company is divided into two groups, each
using the belay tower and vicinity for 15 day.

(i) Each group is divided into three smaller groups, two
of which may practice falls at one time. The third
group receives inatruction in knot tying. Knot tying
groups change every 80 minutes.

d. Log Ramyp (Ng. 80).

194

(1) Construction. A wall aubstitute may also be constructed

from logs and rough lumber, This wall is built of peeled
logs, 10 to 12 inches in diameter and about 30 feet long,
placed vertically against a gravel bank, or braced to stand
at an angle of 76° from the horizontal. A high ramp of
logs at an angle of 46° is valuable for basic climbing.
Two separate climbing routes are Inid out with crosa-
overa to permit traversing at several points. Hand and
footholda outlining the routes are chiseled. Some of the
holds should be cut to slope down and out, and others
should be vertical to provide cross pressure for hands
and feet. A fingertip traverse, having handholds but not
faotholds, 1s desirable for strengthening the hands.

(2) Use. Pitons, belts, or piping may be inserted for belayas

and climbing. Belayers can snap into these by using a
rope sling and leaning out from the logs. Tapered wood
blocks should be placed above pitons to prevent the
climber from hitting the projecting pitons in case of
falls.
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Figure 86. Log ramp as training aid.

Section 1. UNIT TRAINING

189. Purpose
The function of unit training is to—
a. Familiarize unit commanders with military mountaineering.
b. Achieve coordination between climber teams and their units.

¢. Recondition climbers who have long bean abhgent from moun-
tain terrain.

. Provide necessary training for personnel who are not being
trained aa expert mountaineers,

190. Method of Training

a. Orientation. Troops and unit commandersa can be orientated
by means of a 1-day familiarization courae, to include explanation
and demonstration of all major phasea of training. The demon-
stration may be speetacular, to hold audience interest, but it should
not misrepresent either the skills or the proper employment of
the climber.
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b. Practical Work. Unit personnel should practice—
(1) Balance climbing on low pitches with safe landing spot.

(2) Hauling lines; students should be encouraged to haul
each other up and down.

(3} Handling fixed ropes on a moderately diflicult route cal-
culated to increase respect for trained military moun-
taineers. This, and other phases of practical work, should

be under the supervision of instructors and trained unit
climbers.

¢. Cogrdination. Having received training in mililary moun-
taineering, climbers of units should, in unit preblems and maneu-
vers, be given the opportunity to demonstrate and develop their
skill as climbers and their value to their unit when used as such.

. Conditioningg.

(1) Troops who are not accustomed to operating in mountain
terrain or who have not done go for a long time will luse
most of the benelits of apecialized training if they are
not in slrong physical condition. Steep, rocky tlerrain,
gravel pits, quarries, log ramps, rappel towers, and cross-
country marches with natural and artificial obstacles, are
excellent. conditioners,

(2) Bvory man most receive Lendning (o the nse ol fixoed
ra]ies.

(3) One company in 4 conseculive weeks, training twice a
week on Lhe course deseribed below, can aequire the
necessary proficiency, The company can be put over the
course in 20 minutes, The course should include—

{a) A 40-Tool suspension traverse between Lrees, poles, or
rocks,

(D) A hand-over-hand rope eclimb ascending a low angle
log ramp where feel and legs, and not the hands, are
used to lift the body.

() Descenl of low angle alope where a hand-over-hand
climb down, or rappel, ean be accomplished.

{4) Properly conducted mountain marches emphagizing

proper pace, breathing, amd technigue of movement are
valuable.

e. Climbing Instruetors. Climbers may be used as instructors
in mountain marching and over normally broken terrain, They

should be allowed to practice mountaineering under the super-
vigion of the company mountaineering officer,
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Section |l. EXERCISES IN CLIMBING

191. General

a. Purpose. Exercises outlined in this section are only sug-
gestions and may require revision to suit them 1o existing terrain.
They should be short, vigorously executed, and provide climbing
aclion for all participating students. When action stops, students
loze interest.

b. Instructors. All instructors charged with the duty of observa-
tion and criticism should be thoroughly familiar with the purpose
ntil melhod of the exercise, as well ay all elimbing technigues ol
tactics concerned. They should make suggestions necessary for
sufely or to supplement data omitted from previous teaining of
the students,

¢. Orientation, Ovientation of students with ull phases of the
exercise should precede the problem. Instruelors who are nhﬂrge_d
with the responsibility of moving untrained troops during exer-
cizes should Le cautioned against the possible reactions when un-
trained men are exposed to height and raock fall.

. Critique, The eritique should be held in view of the terrain
used in the exercise. As a basia for the eritique, errovs commonly
commmitted in each exercise should be discussed, and the students
should be commended for absence of errors as well ay eriticized
for ihe errors committed.

192. Mountain Walking Course

a. Purpage. To indicate proper technigque in travel through
various terrain types and ohstucles.

b, Method,

(1} The course should be laid out te include an ascent and
descent of about 500 feet in )4 mile, passing over or
through large and small tulus, steep grassy slopes, woods,
ledges, easy chimney, down limber, and scree,

{2) The student travels the course as purt of a column of
squads under squad control. He (s given no cvaching
aheud of time, but is allowed to use his own judgment.

(3) Instruectors should be posted ut various obstacles along
the course to ohserve proper wmud improper technique.
They should make notes if necessary, aund prepare to
take part in the critique.

¢. Comimon Evrorg and Corrective Action.

(1) Zalus, Too muoeh nse of hands for bulance; poor rhyithm
in pace, with stops and starts from rock to rock; and
stepping too far and too high. The routes should he
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198

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

rejected reveral sieps ahead, and the elimber shonld move
wilh a counlident rhylhmic stride, Silent movement is
desirable,

Steep grass slopes. Failure to use uphill side of elumps

for steps; aclection of too steep a route; and leaning into

the hill,

Weoda, Tendency on steep slopes to grasp small trees for
support, thus shaking tree crown and disclosing position;
hranches whipped in faces of others, Trees should be
grasped at base, low enough to eliminate quiver. Br ml-::hes
gshould be pushed over the head and backward.

Ledges. Tendency to walk toward inside, where projec-
tions may throw soldier off halance and where footholds
are often poorer; tendency to lean in for protection. The
climber should choose a route free from cliffs on uphill
side, remain upright in posture, taking care not to step
on small gravel that might roll underfoot.

FEasy chimney, Usually such an obstacle becomes a bottle-
neck, and delays entire column. Several routes should
be taken over hottleneck to designated assembly point.

Down timber. Entire body raised in stepping over log,
loose bark on slippery surface used for foothold. The
climber should walk around obatacles if they are at all
dillicult ; step over it rather than upou it, leading with the

uphill foot; if stepping upon it, he should not raise the
entire body.

Seree. Not enough care in selecting footholds wilh best
aupport on ascents; leaning back on deacenta; failure
to kick and jack n slep properly in traverse to prevent
aliding; failure to fellow in packed footprints of man
ahead.

Pace. Too Tast, Proper cadence on long steep marches
may vary from 76 down to 40 and lower. Under heavy
load, in high altitude, on 3,000- to 4,000-foot climhbs or
at night, the rest step may be used {short pause after
ench sten).

Distance. Neither great enough nor properly used; ex-
cessive nccordion action in column, with many starts and
atops. With correct distance of 5 feet between men, 10
to 20 yards between squads, 30 to b0 yards between pla-
toons, and with this distance slowly taken up or let out
a3 the terrain requires, no man should have to stop any-
where on the course, Unit leader must anticipate closing

AGO 10036B



of the gap between units, and shorten and slow hia pace
to delay or prevent closing of the gap.

(10) Route. Too steep, or failing to make good use of best
footing., Route should be no steeper than permits walk-
ing with foot flat on slope rather than on toes. Lead
man should select his footing carefully; others shonld
follow in his footsteps.

193. Training of Company Assault Climbers in Attack
(par. T8)

a. Purpose. To indicale correct procedure for the company
assault team in atiack of a steep rock obstacle,

b. Method.
(1) Obstacle. A 100- to 200-foot cliff.

(2) Situation. Because of apparent inaccessibility of cliff,
top of cliff iz held very lightly. No recent enemy action
has been observed.

(3) Student team. Six men with basic weapons and appro-
priate elimbing equipmentl will—

() Make a visual reconnaissance of the cliff.

{(b) Give an estimate of the time necessary to establish
two fixed ropes up it.

(¢} Make a plan of attack.

(4) Instructor. Issues fragmentary field order covering situ-
ation and hour of attack. He ohserves all phases of prepa-
ration and execution and prepares a critique with the aid
of an observer on top eof the cliff.

e, Common Errors.

(1) Lack of previous planning; estimate of time and equip-
ment wrong or lacking.

(2) Poor reconnaissance; failure of reconnaissance to dis-
close best route; noisy reconnaissance.

(8) Tmproper placing of fixed rope; operation noiay: pitons
poorly placed; rope tied in poorly; poor route selected:
security not established at top of cliff ; inadequute or-
ganization. |

194. Equipment Movement Course

a. Purpose. To indicate posaible procedures for the movement of
an 81-mm mortar over various types of terrain and obstacles.

b. Method.

(1) Conrse. The course should include—
{a} T'he ascent of a clilf 36 to 45 feet high, a cliff 65 to 90
feet high, and a steep talus slope over 150 feet long.
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{») The descent of a steep rock or dirt slope of 407 to 457,

{¢) The crussing of a gap, such as a steep walled ravine, or
between a pinnacle and the main rock face,

{«) The descent of a 40- to 60-foot vertical rock face.

(2) Student team. Two men with equipment Lthey have se.
lected after ground reconnaissance, are charged with
responsibility of the movement of an 81-mm mortar aec-
tion over the prescribed course,

{3) Instruefors. They are posted at each obstacle. They ob-
serve the =selution of ench problem by the student, and
help prepare and nssist in delivering a eritique.

¢. Common Errors.
(1) Faully estimate of equipment needed.
(2) Best hauling line not used ; lines not in best location.
(3) Insullicient use of mortar crews to assist in movement of
weapona.
(4) Improperly lied knots or einches; poorly anchored lines;
failure to observe common-sense precautions.

() Failure to exercise proper care to avoid damaging
Wenpolls.

195. Establishing Observation and Sniper Posts

i, Purpose, To test individual climber’s and two-man climbing
tenm's ability 1o overcome dillicult terrain obstacles quickly and
silently in reaching designated positions.

b, Method.

(1) Obstacle. A face, ridge, chimney, or pinnacle, (route
boundaries may have to be defined) which will test the
climbing team’s or climber's ability, Probable direction
of enemy designated.

{2) Team. Single climbers should not be used if climbing is
exposed or diflicult. The two-man team or combinations
of two-man teams are ideal. Climbera armed with basic
weapon proceed after visual reconnaissance to cliff and
climb to designated position, using all poasible cover and
concenlment. Climbers lake up concealed positions and
record presence of objects or peraons visible using meth-
ods outlined in M 21-75,

(3) Instructor. e observes and records the actions of the
climbers Trom designated enemy. position; helps prepare
and may deliver a critigue.

e, Comman Errors,
(1} Failure to make adequate reconnaissance.
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(2)

(3)
(4)

Failure to select easiest covered route or covered po-
gition.

Failure to maintain tactical silence,

Unnecessarily slow climbing: poor rope management,
cuuging rocks to fall.

196, Scouts

a. Purpoge. To test the ability of individual elimbers, or of two-
man climber teams to select a suitable line of march over broken
and steep terrain; to recognize those portions of the line of march
which will require gpecial aids; to recognize common dangers.

h, Method.

(1)

(2)

(3)

Courge. To include an ascent and descent of at least
1,000 feet, and at leaat 1 horizontal mile in length; brolken
and steep terrain, rock cliffs and other terrain ohstacles,
a wide selection of routes,

Student., Hquipped with basie weapon, compuss, majp,
notebook, pencil, and climbing equipment, the scout team
will proceed from the atarting point (indicated on map)
toward a designaled objective, e will ehomse the buest
possible line of march, recognizing the special nids his
unit will have to employ in following him. He will male
4 sketch and make noles of obstacles and danger areas,
guch as those subjeet to rock full from natural and arti-
ficinl causes. Where terrain bottlenecks occuy, he will
reconneiter them and adjacent terrain for alternatz
routes,

Instructor. He accompanies seout(s8), observing and re-
cording mistakes. Ife assisls in preparing aund may help
lo deliver a critique.

e, Comnion Ervors.

(1)

(2)

(3)
(4)

Failure to make successive visual reconmaissuance from
commanding terrain features encountered in line of
march. :

Poor choice of route; failure to go around, rather than
aver prominent terrain obstacles; failure to avoid terrain

features mosat subject to enemy observaltion or swepl by
rock fall.

Failure to reach designated point.

Failure to record juhatac]ea encountered and alternate
routes as required. '

197. Scouting and Patrolling by Night
i, Purpoge. To demonstrate the ability of the palrol to apply
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the principlea of night aconling nnd patrolling (FM 21-76) to
military mountaineering.

h, Method.

(1) Course. Lald out to include walking on leaf-covered
slopes, talus, moderately diflicult climbing, ensy scrams
bling, setting up and use of rappel. Diflicult climbing
ahould be low {not higher than 12 feet above a good land-
ing spot) and should not exceed a T0° angle.

(2) Student. Bingle climbers or groups, equipped with a
climbing rope, travel course, maintaining tactical silence
and light discipline.

(3) Instructor. Instructors are posted at frequent intervals
along the course, They listen for unnecessary noiges and
direct patrol from station to station; prepare commenta
for use in the critique. -

e. Common Errors.

(1) Rolling or kicking rocks, cauting them to fall. This
error can be corrected by keeping weight over feet, and
by moving carefully with special attention to how the
rear foot is raised.

(2) Shaking trees and branches, disclosing poeition.

(3) Failure to rappel carefully so that rocks are not knocked
loose. '

(4) Failure to avoid sky-lining.

198. Combat Patrol

a. Purpoge. To give the climber team and attached elements
practice in functioning as n climber combat patrol.

b. Practical Work, A tactical problem, in which the climber com-
bat patrol, under control of the company mountaineering oflicer
ja ealled upon to eliminate an enemy combat outpost on dominant
and precipitous terrain, For the problem a auitable terrain feature
is selected, and a situation and fragmentary attack order are given.

(1) Terrain obstacles are a cliff or spur 50 to 200 feet high,
and a talus approach of more than 100 feet.

(2) The situation is tactical. Enemy position is held by a light
machinegun section and mortar section with rifle security,
at a distance of 1,500 yards from friendly forward
elements.

(3) The patrol leader is informed of situation and given
attack order at H-3 hours. He makes a visual recon-
naissance, forms a plan of attack, and briefs his element
and climber teams,
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(4)

(5)

(6)
(7)

The mountaineering noncommissioned officer divides
climbers into two units of two men each, and procures
necegsary climbing equipment, rations, weapons, and
ammunition for climbera,

The patrol leader divides his patrol into two main ele-
ments—the assault element and security element—and
altaches a climbing team to each, He draws necessary
ammunition and rations.

Combat patrol crosses line of departure at H-hour and
attack continues according to plan.

Instructors acting as observera accompany the patrol
and ure atationed with enemy detail on the objective.
They record their observations and assist in preparing
and delivering critigue,

e. Common Errors.

(1)
(2)

(8)
(4)

(6)

AGL L100EEH

Failure to organize an attack effectively or procure nec-
egsary equipment,

Asagault teams are not coordinated well with the security
element.

Climbers do not attack aggreasively.

Climbers warn enemy of their presence prematurely by
shouting or dislodging rocks,
Climbera do not choose besat routes; are stopped unnec-

esanrily by difliculty or enemy five through failure to use
covered approach.
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REFERENCES

All 220-50
AR 220-60

AR 220-T70

AR 320-50
SR 320-hH-1
FAL 1-140

FM
FM
FM
FM
FM
FM
M
FM
M
FM
"M
FM
I'M
FM
FM
FM
FM
FM
FM
I'M
M
FM
FM
FM
FM
FM
FM
FM

204

3-h
-0
b-10
5-1b
5-25
b-31
6-18
G-20
G40
G-101
G-140
T-10
—24
T—41)
8-10
8-3b
11-8
11-10
17-33
21-b
21-6
21-10
21-11
21-206
21-30
21-40
21-41
21-60

Field Organizations: Regiments—General Provi-
sions, : '

Field Organizations: Battalions—Battle Groups—
Squadrons—Genera) Provisions.

Field organizations: Companies—General Provi-
sions.

Authorized Abbreviations and Brevity Codes.

Dictionary of United Statea Army Terms.

Army Aviation (to be published).

Chemical, Blologicenl and Radiological Warlare,

Operations of Engineer Troop Units.

Routes of Communication.

Field Fortifications.

Explosives and Demolitiona.

Use and Installation of Boobytraps.

Mortar Batlery, Infantry Division, Batlle Group.

Artillery Tactica and Techniques.

Field Artillery Gunnety.

The Field Artillery Battalion.

The Field Artillery Battery.

Rifle Company, Infantry Regiment.

Communication in Infantry and Airborne Divisions.

Infantry Regiment,

Medical Service, Theater of Operations.

Tranaportation of the Sick and Wounded.

Field Radio Relay Technigues.

The Signal Battalion, Infantry Divigion.

Tank Unitz, Platoon, Company, and Battalion.

Mililary Training.

Techniquea of Military Instruction,

Military Sanitation.

Firat Aid for Soldietrs.

Map Rending.

Military Symbols.

Defense Against CBR Attack,

Soldiers Manual for Defense Against CBER Attack.

Visual Signals.
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"M
FM
FM
FM
FM
M

"M
I'M
M
M
M
M
T™M
TM
T™
™™
T™
T'M
'™

TM
™

21-TH

21-Th
24-b
2418
2u] 24}
30-b
30-7

31-h0
31-70
31-71
44-1
T2-20
100-6H
1264
5220
5270
b-271
b-279
h-56G0
10-276

10-T08
10-T73b

Pam 108-1

Pam
Pam

Pam

310-1

310-3

310-5

ATECY TOIHRGDE

Combat Training of the Individual Soldier, and
Patrolling.

Survival,

Signal Communications,

Field Radio Techniques.

Iield Wire Technigues.

Combat Intelligence,

Combat Intelligence, Bailtle Group, Combat Com-
mand and Smaller Units.

Combut in Fortified Arvens and Towns.

Basie Arvctic Manual.

(perations in the Arctie.

Antinireraft Artillery Employment,

Jungle Operations,

Field Service Regnlations: Operations.

Prineiples of Rotury Wing IFlight.

Passage of Obstacles Other Than Mine Fields.

Cableways and Tramways.

Light Stream-Crossing Equipment,

Suspension Bridges for Mountain Warfare,

Arctic Constructlion.

Principles and Utilization of Cold Weather Cloll-
ing and Bleeping Kguipment.

Siove, Cooking, Gasoline, M=1950, One-Burner.

Stove, Yukon, M-1950,

Index of Army Motion Pictures, Film-Stripas, Slides
and Phono-Recordings..

Military Publications, Index of Administrative Pub-
lications.

- Military Publications, Index of Training Publica-

tions.
Military Publicalions, Index of Graphic Training
Aids and Devieces.
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APPENDIX 1

MASTER TRAINING PROGRAM

MILITARY MOUNTAINEERING AND GLACIER WORK

Weeks
Item Subject ﬂimt:‘|l Eﬂ
1 * 3 4 13

1 Rope Management . _— RM 5 5 - — — -
2 Manpacking e e MP 1 1 — - - —
3 Personal Hygiene and Sanitation. . ____. PH 1 1 — _— — __
4 Use and Care of Climbing Aids_ - e - CA 1 1 - - - _—
5 Shelters and Fires SF 5 b - — . .
6 Preparation of Rations. e PR 1 1 - — - _—
(] Mountain Weather __ - MW 1 1 - — _— —
8 Communications - S CM 5 5 _— - - —_—
9 Maps and Compass_ - MC 6 2 4 _— _— —
10 Individual Monuntain Movement - IM 31 T 8 8 8 -
11 Use of Rope Installations_ — RI 16 4 4 4 4 _—
12 Assault Climbing Techniqnes_ ——- AC 50 4 18 i2 12 10
13 Mountain Marches and Bivovaes_ . ____ MM %! _— L} 16 16 14
14 Evacnation .-- - ——— EV 6 4 —_— - _
15 (Flaciers __ - _— _— - GL 14 _— _— _— - 14
16 Avalanches _— AY 2 _— _ _— - 2
17 Commander's Time ___ —_— _— CT 21 5 4 4 4 4
TOTAL__. 220 44 44 44 44 414
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ROPE MANAGEMENT

Subject Schedule

CODE EM
Total Periods b

FPeriods Type of instroction Sobject Eeferences and remarks
EM 1 Conference and practical work______ Types and characteristics of ropes used in
mountaineering, care of ropes, proper coil-
ing, tyving off of coils, throwing and
method of carrving.
EM 2-6__________ Demonstration and practical work___ | Terms used in rope work, method of GTA _
b-8 tying knots used in military moun-
taineering, "and their practical applica-
tion.
MANPACKING CODE MP
Subject Schedule Total Periods 1
Perimd= Type of instructon Subject Refervnces and remarks
MP 1 . __|Conference - - | Nomenciature, function and adjustment of | FM 31-70, TM 10-275

rucksack components, and proper methods
of stowing egquipment,
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PERSONAL HYGIENE AND SANITATION CODE PH

Subject Schedule Total Periods 1
Periods Type of instroction Subject | References and remarks
!
PE 1. lconference _——————— - ooo——__..' Prevention and care of ailments peculiar to . FM 21-11, FM 31-70
mountain operations, Personal cleanliness '
and action to preserve health under ad-
verse conditions.
! i
USE AND CARE OF CLIMBING AIDS CODE CA
Subject Schedule Total Periods 1
- Perlods _ Type of inatroction Euhie;r:t | L References and remarks
|
Ca 1 .- Conference . e Familiarization with climbing rope, sling

rope, pitons, snaplinks, piten hammer,
leather gloves, and shoes.
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SHELTERS AND FIRES CODE EF

Subject Schedule Total Periods b
Periods Typs of inatroction Euhject Relferences and remarks
SF1_______ ___|Conference and demonstration_____|Use and care of 5-10 man tents, and the|FM 31-7¢, TM 10-735
assemmbly and operation of the Yukon
Stove,
SF2-6 - - | Practical work Construction and proper use of various

types of improvised shelterz. Proper care
and use of axe, knife, and the conserva-
tion of forest resources. Food procure-
ment and care of the individusl under

PREPARATION OF RATIONS | CODE PR
Subject Schedule Total Periods 1
Periods Type of instruction Subjwet References and remarks

PR 1 Conference and practical work . Proper care, use, testing and repair of one | TM 10-708, FM 21-75, FM
burner gasoline stove. Compents of field| 21-70

rations and their preparation under field
conditions.
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MOUNTAIN-WEATHER -

Subject Schedule

CODE MW
Total Periods 1

1 Relerences and remarka

Pariods Type of inatruction -Subject
MWi1___ . . Conference __ oo oo The importance of weather in muuntmn.
operations, its general cha:acterlﬁtlcs,l
types and prediction methods. :
COMMUNICATIONS CODE CM
Subject Schedule Total Periods &
Periods Type of instruction Sobject References and remarks
cM__ Conference ___ e —— _| Wire, radio, messenger, and visual com-  TB Sip 219, FM 24-18,
munications, and problems peculiar to| FM 2420
their use in mountains. -
CM 2-5_______ —— | Practical work .. —— _|Visnal ecommunications, semaphore and;FM 2160
o

hlinker lamps.

# § additional houra to be given weeh succesding week as integrated raining.
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MAPS AND COMPASS CODE MC
Subject Schedule Total Periods &
Periods Type of instruclion Subject References and remarks
MC 1-6__________ | Conference, demonstration, and prac- | Review of basic map and compass reading | FM 21-26

tical work.

and its application to the special problems
caused by difficult terrain,
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INDIVIDUAL MOUNTAIN MOVEMENT

Subject Schedule

CODE IM
Total Periods 31

Type of inatrnction

Subject

References atid remarks

IM13-20___ . ___ -

™ 21-28_______ _—

IM 2931 e —

Demonstration and practical work.__

Demonstration and practical work_ ..

Demonstration and praectical work __

Demonstration and practical work___

Practical work

Proper technigunes of placing the feet and
moving the body while ascending, de-
scending, and traversing varied mountain
terrain.

Proper technigque of using hands, feet, and
body position while moving over varied
mountain terrain to include rock faces
and slab. Margin of safety stressed and
students kept close to ground.

Training in the proper technique of descent
with aid of rope using body, hasty, and
seat type rappels

Selection of best routes through mountain-
ous areas under all conditions, and proper
marking of route.

Techniques of mountain walking, emplace-
ment of pitona, unroped balance ¢limbing,
two-man party climbing, and methods of
rappelling.
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ROPE INSTALLATIONS

USE OF CODE RI
Subject Schedule Total Periods 16
Perlods Type of instruction Sobject Belarences and remacks
RI 14 Demonstretion and practical work___ | Installation and use of fixed ropes and BTE-
pension traverses.
RI b-8 Demonstration and practical work___ | Installation and use of vertical hauling
lines,
RI 12 - _—_ | Demonstration and practical work___ | Installation and use of rope bridpes. TM 5-279
RI 18-16_________|Practical work _____.____ . —_—____|Movement over a course which requires the

use of rope installations.
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T AC 25-32__.__ . Demonstration and Practical work___ | Selection of best routes through mountain

g1 0DV

ASSAULT CLIMBING TECHNIQUES CODE AC
Subject Schedule Total Periods 50
Periods Troe of instrueion Subjwct Eelerences and remarks
AC 14 Conference and demonstration_______ | Demonstration of proper techniques in

walking over various mountain terrain to
include party climbing, belaying, rappel-
ling, and use of fixed ropes

AC 5-8___._ Practical waork ____ —— | Proper techniques of placing the feet and
moving the body while ascending, descend-
ing and traversing scree, talus, hard
ground, and grassy slopes.

AC 9-16_________|Practical work Training in selection, placement, driving,

T testing, and use of pitons. Use and care
of piton hammer and snaplinks. Proper
techniques of ascending and descending

with use of rope.

AC 17-24 _______ Demonstration and Practical work___ | Techniques for providing necessary safety
factors Ly proper use of rope. Body,
pitons, and natural anchor belay points
for roped party elimbing.

terrain and proper marking of routa
under all eonditions.
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AC 33-50________ | Practicel work

e s e e e B S e s e i e T e T —

Proper technique of balanre climbing and
belaving on steep mountainous areas by
parties of two or three climbers tied into
and protected by climbing rope. Adapta-
tion of techniques t¢ overcome lack of
various items of eguipment.

MOUNTAIN

MARCHES AKID BIVOUACS
Subject Schedule

CODE MM
Total Periods 54

Trype of instruction

Sphjeet

Heferences and remarka

—— e e R e R WP e S AT

————— e o — — ———

necesasitates application of mountaineer-

pass.

Marches through difficult terrain which re-
quires application of mountaineering tech-
niques and construction and use of im-
provised sheliers. Bivouae routine.

Marches through difficult terrain whi:h'

ing techniques and use of map and com- |
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EVACUATION
Subject Schedule

CODE EY
Total Periods 6

Type of instroetion

Subject

Raterencet and remaris

EV i3I

EV 36

Conference and demonstration_____ -

Practical work

ment.
Do,

Evacuation of casualties over rough terrain,
cliffas, stesp slopes, and across streams,
Improvisation of litters and equipment
Use of rope installations as aid in move-
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GLACIERS
Subject Schedule

CODE GL
* Total Periods 14

Type of instrnetion

Subject

Refermom and rescarks

GL1

GL 2

GL8-10_ . .

GL11-14 _______

Conference __ ———

Conference and demonstration_______

Demonstration and practical work___

Demonstration and practical work __

Dangers of glacial regions Mechanies of
glacial ice formation. Efferis of snow
and ice on mountain operations under
summer conditions.

Special equipment used for movements on
snow and ice in high mountains (climb-
ing rope, ice axe, crampons, and piton
No. 4, ice).

Proper technigues of placing the feet and
moving the body while sscending, de-
scending, and traversing ice and snow
surfaces. Use of ice axe and crampons.
Glissading (standing or sitting), Use of
rope for party movement. Method of
gelf arrest. Route selection on glaciers.

Proper technmiques ¢f c¢rossing crevasses.
Crevasse Tescoe.

* Total of 14 hours to be devoled to placier training.
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AVALANCHES CODE AV
Subject Schedule Total Periods 2
Periods Type of instraerion Subject References and remarks
AV 1 . Conference . ____...__|Basic causes of avalanches; types of ava-|TF FB-TS, Avalanche, rtun-
lanches: avalanche “triggers”, ning time 30 min.
|
AV 2______ . _.__|Conference and demonstration. .. ___ Protective measures (avalanche hazard,|

forecasting, restrietions, stabilization,,
and barriers); safety precautions {uh-i
servation, route selection, timing, andj
gelf defense); techniques of avalanche !
rescue (equipment, immediate actiun,1
follownp, and evacuation). !

COMMANDER'S TIME CODE CT .
Subject Schedule Total Periods 21
|
Pariods Type of inatruction Eubject Heferences and remarks

CT 1-21 _ . . ~ _!Reserved for unit Commanders. Must in-;5 hour period 1st week 4
clude mandatory subjects such as char-| hour period weekly there-
| acter guidance, ete. after.
i




INDEX

Acclimatization _____ . ___ -~ . _._.__

Aldr:

Defense artillery (ADA) ___________ ‘
Evacuation _____ ___ ____ _____ ______

Fields and atvipa___________________
Ground communication oo
Landed forees oo e

Lifted artillery o oo

Supply e

Air Conditions ____ o _____
Aireraft:

Capability _ e

Ceiling Limitation _ oo o e

Charuncteristics and vwwes__ . _____
Multiplpee o e e e
Rotary-wing _________________ _
Two-place _____________ . ____

Flying conditions _______ __________

Helicoptere _____________ _________

Air Defense;

Axtillery -

Command post (AADCP) . __.____

Surface-to-air missile ______________

Altitude;

Acclimatization ____ ______________._

Air condition — oo ___

Atmospheric pressure —______. __ ...

Cloud formation. {See Clouds.)

Eifecta:

Alrevaft ______________________
Individuals ___________________
Movement o _____
Sounds _ o eaaaa

Need for oxygen_______________ ___

Psychological adjustment _______

Varialion in temperature. (See

Temperature.)
Ammunition;
Chemieal . . .. . ..
Supply
Anchors:

Basic aida - s -
Matural _____ o __.____
Artifleinl ________ __ ___ ___.___

In belays. {See Belay.)
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Armor:
Employment ______________________
Suitability ___ o
Surprisaraide .

Arms and services, (See Employment of
arms and services.)
Avrmy avintion:
Capabilities and limitationa_________
Employment;
Operations . .. . ____ ..
Specinl considerations ______ ____
Tactical aspects ______ _________
Attack oo R,
Pursult __ __ __ .. _ . ________
Retrograde movement ______
Evacuation by air______________
Landing sites, (See Landing sites,)
Ancent: _
In avalanche areas_________________
Insnow ______________ ___ __ o ___
Technique:
Heuling line _________ _____....
Lowering a casunlty____ ________
Marching o __
Assault elimber _______________________

Atmospheric:
Disturbances ______________ _____.__
Effecta on operationa_______________
Luminosity - e
Pressure __ ____ e
Thunderstorms ___ ___ __ ____________
Attack:
Against fortified positlons . __
Flanking o o e

Frontal oo e e e
Planx _......

Puraalt . _ e
Rules applieable _____ ___ .
Supporting weapens _ ______________
Use of pasault climbera_____________
Use of smoke__________ ___ __ _______
Verticnl envelopment
Avalanche:
Action of individuals. (See Safety.}
Basie causes ______________________
Climate and weather:
Exposure ____ ______ _______
Terrain . . _____ __________
Vegetation ________________
Characteristics:
Climax e
Cornice

e s . e e e e B e st e s e g T = BT " il
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Avalanche—Contlnued
Characteristica—Continued
Damp and wet snow__.________ 185 152
Dry, loose snow_ __________._ .. 165 152
Classification:
Combination _cocom o eaaa 166 162
Loog8 BNOW mee e — 14b 162
Packed snow ___ o 185 152
Contributory factors - e 167 141
COPd e ——— 169 166
Effecta:
Artillery five e o9 48
Nuclear weapon — o _—___ 60 34
Hazard forecasting - cecmeceemamem 167 ' 161
Decurrent® — e 183, 187 150, 161
Phenomenon - e e————— 164 160
Protective mensures:
Restrictions o - 188 164
Stabilizatlon _ o 188 164
Use of barriers__.______________ 148 164

Rescue. {See Safety.)
Settlement. (See Contributory

factors.)
Triggering cceeeeeeeee e e 188 160
TYPBE o ————— 165 152
Basic Aids:
a-frome o . 154 180
Anchors e e 154 130
Tightening knots. {See Ropes and
knots.)
Basic technique:
Mountain walking o 145 92
Precautions _ oo e 146, 146 82, 94
Rock ¢limbing —— oo 146,171 4, 173
Balanee .. . .. 146 a4
Belay. (See Belay.}
Body position . e~ 146 24
Dangers to avold e 151 124
Margin of safety - 146 04
Rappel. (Ses Rappel.)
Rock falls o 151 124

Rope management. {See Ropes
and knots.)
Route aelection. {Ses Route

selection.)
Seope o e 161 124
Uge:
Holds o 148 11}
Plton, anaplink, and
hammer oo 148 108
Vantage points ___________ 161 124
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Belay:
Application:
Crevagse croasing . __________
Crevasse reseue . _  __ __ _____.
Litter carunlty . . .. ___ ..
Over anow and fee __ ... _____..
Pogjtions ____. __. e
Mracedures to bo uHErl y
Purpore ..o
Technique _. ____.__ __ . __ . ____.__
Bivoune:
Defense _ __._ _ __ . ___ . o ___..
Formation ._____.____ . ___ . ____._..
Precautions _____.______ e e -
Seteuy _________ o ___

Types of shelter. (See Shelter,)
Under various eonditiona . ____..___
Bridge:
Construetion .. .. _. __._ .. __ .. -__
Expedients:
Branehes _ . . _ . _____.____
fee e e
Rope erossing _. ... ___.._
Suspension bridee and
cehlewny __________ . ________
Swisa bridge ___._ __ . ____.___.
Snow over crovasses _ .. ___
Bridging materinl .. _ . ___ .. ____ .. __.

Cwinowniinge:
Artillery positions _____ e m—m————m
Landing sites _____________________
Camp;
Flres . e e
Sites ___ . ._ — - -_—
Chermical, biological am‘l nuclenr watfnra*
Ilefense:
Chemleal attack __ .. __ ...
Biologienl attnek
Muclenr altack . = . .. ___. .
Fallout radiation __ ... ___ ———— ———
Thermal effects __._____ ________..
Cleanlineas:
Core of feet _ ... o . . ae.
Constipation _..__. e ———
Personal habits . __ .. ___ . _______
Washing and bathing ____.______.__
Waste disposal ____. . __ _________.
Climate:
Cloudinesa. (Sce Clouda,)
Effects:
Cold ___ _____ ..

Weather. (See Waather}
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Climate—Continued

L.uminogity _ . .oo.c-. e 11 d
Mountain air ______ . _____ 11, 24 6, 14
Precipitation _______._ _______._.._. 15, 19, 21 B, 10,11
IRate of snowfall __ e .. 164 1610

Variation in temperature. (Sce
Temperature.)

Wind action . o oe e - 16, 1G4, 167 0, 150, 161
Clothing:
Effects of climate and weather ______ 12 T
Requirement —— o meeeme- T2 36
Clouda:
Cloudiness meeeoo e e 12, 15,19 7.8, 10
Marehes _ o __. - 45 24
Thickness _ oo _ 19 10
Types:
Alto-stratus __________ ... 22 11
Civrus o 19, 22 10,11
Cumulo-nimbus ______________. 22 11
Comulus o 22 11
Stratus __ e 22 11
Combat:
Defensive:
Advantapes __ oo .. a3 31
Against CBR attacks .__... - 69 74
Counterattack ... _____.. .. 61 az
Delaying e a3 a1
Disadvantages _ - _____. 64 31
Fortified arens e - 68 33
Obstacles __ . 63 a1
Retrograde movement ________. 67 33
Hoverse slop _ ccommeeeo . G5 32
Selection of positlons __________ 656 32
Use of artillery oo o 17 i8
Withdrawal _________________. 87 31
Offenslve:
AdVancs - e B3 28
Approach . ____ S - 67 27
Amssault o . B84 40
Attaek oo " b8 28
Contaet e — ) 57 29
Control Measuresd oo ooe-——___ 54 27
Envelopments _______________. 6d 24
Txploitation of pursuit . 61, U4 30, 46
Forniliong .a—————______ - 67 7
Infiltration oo . B8 23
Infiuence of terrain o ____ 53 ag
Initiative v oo . - 1 27
Objectives o _____.__ 53, 64 24, 27
Seizure of dominant terraln . _ B3 28
Supporting weapons ___________ 5D 29

ACO 100301 223



Combat—Continued
OMensive—~Continued
Use:
Mountalnesrs ___ .. _
Smoke o e
Patrols

*Command
Of alr __ _
Daabe e mm——
Structura

Communication:
Air-ground ___ - _________ o ____
Lateral __________ ool
Methods of lncrensing range oo ___
Relay stations - oo
Reliabkility
Routes
Signal:
Messonger _.._________ ———
Radio
Visual:
Blinker ... . _____ ——
Heliograph device _________
Improvised methods - _____
Bemnaphore method:
Smoke _________._ ———

T I Y S Vi ——

[y e R S p——

L PSR P B " e e

bl Bl il T p—— Y RS R

T el L R S S —

——— -

501 .. ... e ———— 1

Cancenlment:
Availability __ .o . [
Aid statiens _ oo e _
Landing sites __._____ o ___
Use of smoke _ . _____ —————

Conditioning:
Acclimatization ___________ e
Fatigue ______ e
Fear of height _ . ______ ___ ________
Personal hyglene - __ ___ .
Physieel ______ . .
Psychological adjustment __________
Sicknesges. (See Medical,)

Trainlng __ o e
Water discipline

g i L —

Crevnasa:
Bridging _ . __ e
Crossing e ——
Detection __ oo e
Reseve _______ . ____ .

Deception _ . __
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82
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33

190
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Deacent:
Carrier technique ._______- _______
Cagualty o o __
Cliff evacuntion ___________________
In avalanche area _________________
In smow __ - o
Murch techpique ______ o ___
Operation of hauling line ___.______
Reppel _ .
Roped mevernent __________________

Digging ____

Driving . e

Employment of the arms and services:
Air defense artillery (ADA)Y _______._
Armor oo e
Army Aviatiem ____________ ________
Engineers _ oo e
Field artillery ———_________ . _______
Infantry & e L
Limitations - ___________ . ________
Medieal _____________ _____________

Engineers {Combat) :

Bridging - e . ———
Demolitions oo
Missions __ o ____
Obstacles and mines___.___ e
Reconnaissanee ___ ________ ———————

Road construction - _______________
Envelopment. (See Combat.)
Equipment:
Avalanche:
Adjustment __________ - —————
Cord __ - _
Reseve oo

Chemieal;

Proteetive mask _.____________
Effects of weather and terrvain_______
Engineer:

Hedvy oo om oo

Mine detectors ________________

Snow removal . _______o _____
Medienl ___ o ——————
Ordnunce:

Explosives __________ __._______

Fire control, electrical __________

Sleds and runnera.__ ___ oo ____

, Vehicles - __________.______
Quartermaster:

Clothing - ——— e ——

Cooking -

Skis and snowshoes____-_______

AQOQ 10018H
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132
130
181
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3b
135
150
158
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140
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105-108
10p-115
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116-138

113
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116
168
123
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139, 140

72, 160

74
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60, 65
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45
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144
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146
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IParngenph
Ecquipment—Continued
Quartermaster—Continued
Sleeping ____.... e e 72, 73
Specinl {climbing) . ____. 147, 148, 172
Tentage _ __ . . _. 52
Signal:
Radie _____._. e 178, 180
YVisuml - ___ 181
Wire e 179
Fvacuation, (See Medical.)
[Sxpositre;
Coaused by nn avalanche . ____ 164
Effect on body_____________ . _____ 173, 177
Fnlla: .
T'ree _ oo e e e 177
Buspended ___ .. . ________. 177
Fatigue. {Sre Cﬂnditiuninp:]
Field Artillery:
Coordination with infantry. _________ 03
Employment ______ . __ 4
Flre control ___ _ _ __ i a- 101
Limitations ____ _ _____ . 02, 168
Mensuring elevation _______________ 101
QObservation _____ __ b3, 87, 101
Positlons ______ ___ ____ __ o __. 06
Stabilization of snow . .. ooae .- 148
BULYeY o e e ———————— 101
Taetical prineiples _  __ __ . . . 01
Tactics:
Defense _... e e 05
Purswit ___ .. _____ 04
Targets . __ . ____ o
Transfer of flres________ __________ - 101
Types;
Adr-lifted . e on a2
Self-propelled _________________ o8
Towed e 08
Use:
Block and tackle or winch_._..__ 48
Grousers _________________.___._ 8
Sleds and runners______________ 168
Field Fortifieation:
Areas _ __ e 68
Shelters. {See Ehelter,}
First Ald and Hygiene:
Personal _________ et e e e e mm 27=-30
Fog;
Marchen _______ ___ _ __ __ _ o _____ 45
Signaling . _______________________ 181
Glacier:
Crevaase:
Crossing ___. o ___ 176

226
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1749
179

40

3

48

45, 146
48

26, 47, 48
46

164

48

45
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Glacier—Continued
Cravasse—Continued
Deteetion —__ . __ ___ . __________
Reseve ___ . ____
Dangers _ oo e ___
Roped parties —____________________
Rouwtes _____________________
Snow bridges ___ __________________
Glisaading, (See Movement,)

Hammer. (Ses Pitons, snaplink, and
hammer, )
Hazards:
Avalanche ________________________
Cold injurey . _____________________
Contamination ____________________
Crevawse ______ __________._.
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