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PREFACE

FM 90-3/FMFM 7-27 is the Ammy’s and Marine Corps’'manual for desert

operations. It is a key reference for commanders and staffs regarding how the
desert affects personnel enmnmpnt and operations. It will assist them in
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planning and conducting combat operations in desert environments.

This manual complies with the contents of NATO Standardization Agreement
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The proponent for this publication is Headquarters TRADOC. Submit changes
for improving this publication on DA Form 2028 (Recommended Changes to

Pubiications and Biank Forms) and forward to Commandant, US Army Armor
School, ATTN: ATSB-CSC, Fort Knox, Kentucky 40121-5211,
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Unless this publication states otherwise, masculine nouns and pronouns do not
exclusively refer to men.



Arid regions make up about one-third of the earth’s land surface, a higher
percentage than that of any other type of climate. As we have seen in the recent
past, some of these regions—because of diverse and conflicting cultures,
strategic importance, and natural resources—have become centers of conflict.

LY O Y 1an A hn A o -
Military leaders have long recognized the potential for US involvement in

conflict in these regions. Exercises at the Army’s National Training Center, Fort
Irwin and the Marine Corps’ Marine Air Ground Combat Center, Twentynine
Palms, California, have provided an opportunity for virtually all our ground
forces to experience desert conditions. The success of Operation Desert Storm
can be directly attributed to this realistic training.

Desert operations demand adaptation to the environment and to the limitations
imposed by terrain and climate. Success depends on an appreciation of the
effects of arid conditions on soldiers (both physically and psychologically), on
equipment and facilities, and on combat and support operations. Leaders and
soldiers must continuaiiy evaiuate the situation and be ready to react to changing
conditions. Equipment and tactics must be modified and adapted to a dusty,
rugged landscape where temperatures vary from extreme highs to freezing lows
and where visibility can change from 30 miles to 30 feet in a matter of minutes.

$n pmirinmaco Anoned ns R e H oo ~Alanel

The key to success in desert operations is mobility. This was clearly evident in
the ground operations of Desert Storm. The tactics employed to achieve victory
over Iraq were wide, rapid flanking movements similar to those executed by
Montgomery and Rommel during World War II. During Desert Storm, however,
new technologies increased higher-echelon headquarters’ ability to target, attack,
and fight deep operations simultaneously. Modem weapon systems like the
MI1A1 Abrams tank, Bradley fighting vehicle, light armored vehicle, and assault
amphibious vehicle, coupled with newly developed navigation and targeting
devices, contributed immeasurably. Tactical units were able to fight battles with
minimal direction; leaders were able to exercise initiative based on a clear
understanding of their commanders’ intent. Current doctrine—focused on
improving mobility and implemented through the planning, preparation, and

execution processes, battle drllls, and tactical SOPs. paved the way for the
overwhelming triumph.

Arid regions create both opportunities and restraints for soldiers and marines at
all levels. The US military’s performance in Desert Storm shows it understands
these factors and has successfully addressed the effects of desert warfare on
troops, equipment, and operations. As they prepare for the future, leaders,
soldiers, and marines must study past campaigns and use the lessons they leamn to
reduce casualties, use the environment to their advantage, and ensure victory on
the desert battlefield.

INTRODUCTION
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CHAPTER 1

THE
ENVIRONMENT

FM 90-3

AND ITS EFFECTS

ON PERSONNEL

AND EQUIPMENT

This chapter describes the desert environment and how it affects personnel and
equipment.

CONTENTS
Page
Section]  TheEnvironment.................. 1-1
Section Il Environmental Effects on
Personndl ........................ 1-17
Section 111 Environmental Effects on
Equipment . ...................... 1-30

Section |. The Environment

Successful desert operations require adaptation to the environment and to the
limitations its terrain and climate impose. ngpment and tactics must be
modified and adapted to a dusty and rugged landscape where temperatures vary
from extreme highs down to freezing and where visibility may change from 30
miles to 30 feet In a matter of minutes. Deserts are arid, barren regions of the
earth incapable of supporti r11g normal life due to lack of water. See Figure 1-1 for
arid regions of the world. Temperatures vary according to latitude and season,
from over 136 degrees Fahrenheit in the deserts of Mexico and Libyato the hitter
cold of winter in the Gobi (East Asia). In some deserts, day-to-night temperature
fluctuation exceeds 70 degrees Fahrenheit. Some species of animal and plant life
have adapted successfully to desert conditions where annual rainfall may vary
from O to 10 inches.

Desert terrain also varies considerably from place to place, the sole common
denominator being lack of water with its consequent environmental effects, such
as sparse, if any, vegetation. The basic land forms are similar to thosein other
parts of the world, but the topsoil has been eroded due to a combination of lack

11
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of water, heat, and wind to give deserts their characteristic barren appearance.
The bedrock may be covered by aflat layer of sand, or gravel, or may have been
exposed by erosion. Other common features are sand dunes, escarpments, wadis,
and depressions. This environment can profoundly affect military operations.
See Figure 1-2 for locations of major deserts of the world, and Appendix A for
additional information on desert countries of the world.

1-2

Figure 1-1. Deserts of the world.

It is important to realize that deserts are affected by seasons. Those in the
Southern Hemisphere have summer between 21 December and 21 March. This
6-month difference from the United States is important when considering
equipping and training nonacclimatized soldiers'marines for desert operations
south of the equator.

TERRAIN

Key terrain in the desert is largely dependent on the restrictions to movement that
are present. If the desert floor will not support wheeled vehicle traffic, the few
roads and desert tracks become key terrain. Crossroads are vital asthey control
military operationsin a large area. Desert warfareis often a battle for control of
the lines of communication (LOC). The side that can protect its own LOC while
interdicting those of the enemy will prevail. Water sources are vital, especidly if
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aforceisincapable of long distance resupply of its water requirements. Defiles
play an important role, where they exist. In the Western Desert of Libya, an
escarpment that paralleled the coast was a barrier to movement except through a
few passes. Control of these passes was vital. Similar escarpments are found in
Saudi Arabiaand Kuwait.
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Figure 1-2. Desert locations of the world.
Typesof Desert Terrain

There are three tygm of desert terrain: mountain, rocky plateau, and sandy or
dune terrain. The following paragraphs discuss these types of terrain.

Mountain Deserts

Mountain deserts are characterized by scattered ranges or areas of barren hills or
mountains, separated by dry, flat basins. See Figure 1-3 for an example of
mountain desert terrain. H|% ground may rise gradually or abruptly from flat
areas, to a height of several thousand feet above sea level. Most of the infrequent
rainfall ocours on high ground and runs off in the form of flash floods, eroding
deep gullies and ravines and depositing sand and gravel around the edges of the
basins. Water evaporates rapidly, leavi ng? the land as barren as before, although
there may be short-lived vegetation.  1f sufficient water entersthe hasin to
compensate for the rate of evaporation, shallow |akes may develop, such asthe
Great Sdt Lakein Utah or the Dead Sea; most of these have a high salt content.

1-3
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Rocky Plateau Deserts

Rocky plateau deserts are extensive flat areas with quantities of solid or broken
rock at or near the surface. See Figure 1-4 for an example of a rocky plateau
desert. They may be wet or dry, steep-walled eroded valleys, known as wadis,
gulches, or canyons. Narrow valleys can be extremely dangerous to men and
materiel due to flash flooding after rains; athough their flat bottoms may be
superficialy ttractive as assembly aress. The National Training Center and the
Golan Heights are examples of rocky plateau deserts.

Figure 1-4. Example of rocky plateau desert terrain.

1-4
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Sandy or Dune Deserts

Sandy or dune deserts are extensive flat areas covered with sand or gravel, the
product of ancient deposits or modern wind erosion. “Flat” is relative in this

case, as some areas may contain sand dunes that are over 1,000 feet high and

10-15 miles long; trafficability on this type of terrain will depend on

windward/|eeward gradients of the dunes and the texture of the sand. See Figure

1-5 for an example of a sandy desert. Other areas, however, may be totally flat
for distances of 3,000 meters and beyond. Plant life may vary from noneto
scrub, reaching over 6 feet high. Examples of this type of desert include the ergs

of the Sahara, the Empty Quarter of the Arabian desert, areas of Cdifornia and
l\!cede exéco, and the Kalahari in South Africa. See Figure 1-6 for an example
of adune desert.

R TR g i _
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Figure 1-6. Example of dune desert terrain.
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Trafficability

Roads and trails are rare in the open desert. Complex road systems beyond
simple commercial links are not needed. Road systems have been used for
centuries to connect centers of commerce, or important religious shrines such as
Meccaand Medinain Saudi Arabia. These road systems are supplemented by
routesjoining oil or other mineral deposits to collection outlet points. Some
surfaces, such as lava beds or salt marshes, preclude any form of routine
vehicular movement, but generally ground movement is possible in all
directions. Speed of movement varies depending on surface texture.
Rudimentary trails are used by minor caravans and nomadic tribesmen, with
wells or oases approximately every 20 to 40 miles; athough there are some
waterless stretches which extend over 100 miles. Trails vary in width from a few
meters to over 800 meters.

Vehicle travel in mountainous desert country may be severely restricted.
Available mutes can be easily blinked by the enemy or by climatic conditions.
Hairpin turns are common on the edges of precipitous mountain gorges, and the
higher passes may be blocked by snow in the winter.

Natural Factors

The following terrain features require special considerations regarding
trafficability.

Wadis or dried water courses, vary from wide, but barely perceptible depressions
of soft sand, dotted with bushes, to deep, steep-sided ravines. There frequently is
a passable route through the bottom of a dried wadi. Wadis can provide cover
from ground observation and camouflage from visua air reconnaissance. The
threat of flash floods after heavy rains poses a significant danger to troops and
equipment downstream.  Flooding may occur in these areas even if it IS not
raining in the immediate area. See Figure 1-7 for an example of awadi.
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Figure 1-7. Example of a wadi.
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Salt marsh (sebkha) terrain is impassable to tracks and wheels when wet. When

dry it has a brittle, crusty surface, negotiable by light wheel vehicles only. Salt
marshes develop at points where the water in the subsoil of the desert rose to the
surface. Because of the constant evaporation in the desert, the salts carried by

the water are deposited, and resultsin ahard, brittle crust.

Salt marshes are normally impassable, the worst type bel n%those with adry crust
of silt ontop. Marsh mud used on desert sand will, however, produce an
excellent temporary road. Many desert areas have salt marshes either in the
center of a drainage basin or near the sea coast. Old trails or paths may cross the
marsh, which are visible during the dry season but not in the wet season. In the
wet season trails are indicated by standing weter due to the crust being too hard
or too thick for it to penetrate. However, such routes should not be tried by
load-carrying vehicles without prior reconnaissance and marking. Vehicles may
become mired so severely as to render equipment and units combat ineffective.
Heavier track-laying vehicles, like tanks, are especially susceptible to these
areas, therefore reconnaissance is critical.

Man-made Factors

The ruins of earlier civilizations, scattered across the deserts of the world, often
are Sited along important avenues of approach and frequently dominate the only
available passes in difficult terrain. Control of these positions maybe imperative
for any forceintending to dominate the immediate area. Currentéll?/ occupied
dwellings have little impact on trafficability excegt that they are normally located
near roads and trails. Apart from nomadic tribesmen who livein tents (see
Figure 1-8 for an example of desert nomads), the population livesin thick-
walled structures with small windows, usually built of masonry or amud and
straw (adobe) mixture. Figure 1-9 shows common man-made desert structures.

Figure 1-8. Example of desert nomads.

1-7
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Figure 1-9. Common man-made desert structures.

Because of exploration for and production of oil and other resources, wells,
pipelines, refineries, quarries, and crushing plants may be of strategic importance
In the desert. Pipelines are often raised 1 meter off the ground—where thisis the
case, pipelines will inhibit movement.  Subsurface pipelines can also be an
obstacle. In Southwest Asia, the subsurface pipelines were indicated on maps.
Often they were buried at such ashallow depth that they could be damaged b
heavy vehicles traversing them. Furthermore, if a pipeline is ruptured, not only
is the spill of oil a consideration, but the fumes maybe hazardous as well.

Agriculture in desert areas has little effect on trafficability except that canas

limit surface mobility. Destruction of an irrigation estystem, which may be a result

of military operations, could have a devastating effect on the local population

and should be an important consideration in operational estimates. Figure 1-10
shows anirrigation ditch.

TEMPERATURE

The hiﬂhest known ambient temperature recorded in a desert was 136 degrees
Fahrenheit (58 degrees Celsius). Lower temperatures than this produced internal

tank temperatures approaching 160 degrees Fahrenheit (71 degrees Celsius) in
the Sahara Desert during the Second World War. Winter temperatures in

Siberian deserts and in the Gobi reach minus 50 degrees Fahrenheit (minus 45
degrees Celsius).  Low temperatures are aggravated bK very strong winds
producing high windchill factors. The cloudless sky of the desert permits the
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earth to heat during sunlit hours, yet cool to near freezing at night. In the inland
Sinal, for example, day-to-ni ght temperature fluctuations are as much as 72
degrees Fahrenheit.

Figure 1-10, Irrigation ditch.

WINDS

Desert winds can achieve velocities of near hurricane force; dust and sand

suspended within them make life intolerable, maintenance very difficult, and

restrict visibility to a few meters. The Sahara “Khamseen”, for example, lasts for

days at atime; although it normally only occursin the spring and summer. The

deserts of Iran are equally well known for the “wind of 120 days,” with sand

EI owing almost constantly from the north at wind velocities of up to 75 miles per
our.

Although there is no danger of aman being buried aive by a sandstorm,
individuals can become separated from their units.  In all deserts, rapld
temperature changes invariably follow strong winds. Even without wi ind, the
telltale clouds raised by whedls, tracks, and marching troops give away
movement. Wind aggravates the problem. Asthe day gets wanner the wind
increases and the dust signatures of vehicles may drift downwind for severa
hundred meters.

In the evening the wind normally settles down. In many deserts a prevailin
wind blows steadily from one cardinal direction for most of the year, an
eventually switches to another direction for the remaining months. The
equinoctial gales raise huge sandstorms that rise to several thousand feet and
may last for several days. Gales and sandstorms in the winter months can be
bitterly cold. See Figure 1-11 for an example of wind erosion.

1-9
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Figure 1-11. Example of wind erosion.

Sandstorms are likely to form suddenly and stop just as suddenly. In a severe
sandstorm, sand permeates everything making movement nearly impossible, not
only because of limited visibility, but also because blowing sand damages
moving parts of machinery.

WATER

The lack of water is the most important single characteristic of the desert. The
?op_ulaijon, if any, varies directly with local water supply. A Sehara oasis mag,

or its size, be one of the most densely occupied places on earth (see Figure 1-1
for atypical casis).

Desert rainfall varies from one day in the year to intermittent showers throughout

the winter. Severe thunderstorms bring heavy rain, and usualy far too much rain

falls far too quickly to organize collection on a systematic basis. The water soon

soaks into the ground and may result in flash floods. In some cases the rain
binds the sand much like a beach after the tide ebbs alowing easy maneuver

however, it also turns |oam into an impassable quagmire obstacle. Rainstorms
tend to be localized, affecting only a few square kilometers at a time. Whenever

possible, as storms approach, vehicles should move to rocky areas or high

ground to avoid flash floods and becoming mired.

Permanent rivers such as the Nile, the Colorado, or the Kuiseb in the Namib
Desert of Southwest Africa are fed by heavy precipitation outside the desert so
the river survives despite a high evaporation rate.

Subsurface water may be so far below the surface, or so limited, that wells are
normally inadequate to support any great number of people. Because potable
water is absolutely vital, alarge natural supply may be both tactically and
strategically important. Destruction of a water supply system maP/ become a
political rather than military decision, because of its lasting effects on the
resident civilian population.
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Finding Water

When there is no surface water, tap into the earth’s water table for ground water.
Access to this table and its supply of generally pure water depends on the
contour of the land and the type of soil. See Figure 1-13 for water tables.

Water
Table
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Figure 1-13. Water tables.
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From Rocky Soil

Look for springs and seepages. Limestone has more and larger springs than any
other type rock. Because limestoneis easily dissolved, caverns are readily
etched in it by ground water. Look in these caverns for springs. Lavarock isa
good source of seeping ground water becauseit is Eorous. Look for springs
aong the walls of valleys that cross the lava flow. Look for seepage where a dry
canyon cuts through alayer of porous sandstone.

Watch for water indicators in desert environments. Some signs to look for are
the direction in which certain birds fly, the location of plants, and the
convergence of game trails. Asian sand grouse, crested larks, and zebra birds
visit water holes at |east once a day. Parrots and pigeons must live within reach
of water. Cattails, greasewoods, willows, elderberry, rushes, and salt grass grow
only where ground water is near the surface. Look for these signs and dig. If
you do not have a bayonet or entrenching tool, dig with aflat rock or sharp stick.

Desert natives often know of lingering surface poolsin low places. They cover
their surface pools, so look under brush heaps or 1n sheltered nooks, especially in
semiarid and brush country.

Places that are visibly damp, where animals have scratched, or where flies hover,
indicate recent surface water. Dig in such places for water. Collect dew on clear
nights by sponging it up with a handkerchief. During a heavy dew you should be
ableto collect about apint an hour.

Dig in dry stream beds because water may be found under the gravel. Whenin
snow fields, put in awater container and place it in the sun out of the wind.

From Plants

If unsuccessful in your search for ground or runoff water, or if you do not have
time to purify the questionable water, a water-yielding plant may be the best
sousrtfe. Calmear sap from many plantsis easily obtained. Thissap is pure and is
mostly water.

Plant tissues. Many plants with fleshy leaves or stems store drinkable
water. Try them wherever you find them. The barrel cactus of the southwestern
United States is a possible source of water (see Figure 1-14). Useit only as alast
resort and only if ?/ou have the energy to cut through the tough, spine-studded
outer rind. Cut off the top of the cactus and smash the pulp within the plant.
Catch the liquid in a container. Chunks may be carried as an emergency water
source. A barrel cactus 3-1/2 feet high will yield about a quart of milky juice and
IS an exception to the rule that milky or colored sap-bearing plants should not be
eaten.
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Interior of barrel cactus
--- watery pulp

Figure 1-14. Barrel cactus as possible source of water.

Roots of desert plants. Desert plants often have their roots near the surface.
The Australian water tree, desert oak, and bloodwood are some examples. Pry
these roots out of the ground, cut them into 24-36 inch lengths, remove the bark,
and suck the water.

Vines. Not al vinesyield palatable water, but try any vine found. Use the
following method for tapping a vine--it will work on any species.

Step 1. Cut adeep notch in the vine as high up as you can reach.

Step 2. Cut the vine off close to the ground and |t the water drip into your
mouth or into a container.

Step 3. When the water ceases to drip, cut another section off the top.
Repeat this until the supply of fluid is exhausted.

Palms. Burl, coconut, sugar and nipa palms contain a drinkable sugary
fluid. To start the flow in coconut palm, bend the flower stalk downward and cut
off the top. If athin dliceis cut off the stalk every 12 hours, you can renew the
flow and collect up to aquart aday.

Coconut. Select green coconuts.  They can be opened easily with aknife

and they have more milk than ripe coconuts. The H]ui ceof aripe coconut is
extremely laxative; therefore, do not drink more than three or four cups a day.

1-13
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The milk of a coconut can be obtained by piercing two eyes of the coconut with a
sharp object such asastick or anail. To break off the outer fibrous covering of
the coconut without a knife, slam the coconut forcefully on the point of arock or

protruding stump.

Survival Water Still

You can build a cheap and simple survival still that will produce drinking water
inadry desert. Basic materials for setting up this till are--

* 6-foot square sheet of clean plastic.
* A 2-to4-quart capacity container.
* A 5-foot piece of flexible plastic tubing.

Pick an unshaded spot for the till, and dig a hole. If no shovel is available, use a
stick or even your hands. The hole should be about 3 feet across for afew inches
down, then slope the hole toward the bottom as shown in Figure 1-15 which

depicts a cross section of a survival still. The hole should be deep enough so the

point of the plastic cone will be about 18 inches below ground and will still clear

the top of the container. Once the hole is properly dug, tape one end of the
plastic drinking tube inside the container and center the container in the bottom

of the hole. Leave the top end of the drinkigg tube free, lay the plastic sheet over

the hole, and pile enough dirt around the edge of the plastic to hold it securely.
Use a fist-size rock to weight down the center of the plastic; adjust the plastic as

necessary to bring it within a couple of inches of the top of the container. Heat
from the sun vaporizes the ground water. This vapor condenses under the

plastic, trickles down, and dropsinto the container.

Drinking

Dirt to anchor plastic sheet

Approx. 3 feet

¢

Approx.
18-inches

- Plastic
- sheet
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VEGETATION

The indigenous vegetation and wildlife of a desert have physiologically adapted
to the conditions of the desert environment. For example, the cacti of the
American desert store moisture in enlarged stems. Some plants have
drou?ht-resi stant seeds that may lie dormant for years, followed by a brief, but
colorful display of growth after a rainstorm. The available vegetation is usuall
inadequate to provide much shade, shelter, or concealment, especially from the
air. Some plants, like the desert gourd, have vines which grow to 4.5 meters (15
feet). Others have wide |ateral roots just below the surface to take advantage of
rain and dew, while still others grow deep roots to tap subsurface water.
Presence of palm trees usually indicates water within a meter of the surface, salt
grass within 2 meters, cottonwood and willows up to 4 meters. In addition to
Indicating the presence of water, some plants are edible.

WILDLIFE 1

Invertebrates such as ground-dwelling spiders, scorpions, and centipedes,
together with insects of amost every type, are in the desert. Drawn to man asa
source of moisture or food, lice, mites, and flies can be extremely unpleasant and
carry diseases such as scrub typhus and dysentery. The stings of scorpionsand
the bites of centipedes and spiders are extremely painful, though seldom fatal.
Some species of scorpion, as well as black widow and recluse spiders, can cause
death. The following paragraphs describe some of the wildlife that are
encountered in desert areas and the hazards they may pose to man.

Scorpions

Scorpions are prevalent in desert regions. They prefer damp locations and are
particularly active at night. Scorpions are easily recognizable by their crab-like
appearance, and by their long tail which endsin a sharp stinger. Adult scorpions
vary from less than an inch to aimost 8 inches in length. Colors range from
nearly black to straw to striped. Scorpions hidein cl othin?, boots, or bedding, so
troops should routinely shake these items before using. Although scorpion stings
arerarely fata, they can be painful.

Flies

Flies are abundant throughout desert environments. Filth-borne diseaseis a
major health problem posed by flies. Dirt or insectsin the desert can cause
infection in minor cuts and scratches.

Fleas

Avoid all dogs and rats which are the major carriers of fleas. Fleas are the
primary carriers of plague and murine typhus.

1-15
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Retiles

Reptiles are perhaps the most characteristic group of desert animals. Lizards
and snakes occur in quantity, and crocodiles are common in some desert rivers.
Lizards are normally harmless and can be ignored; athough exceptions occur in
North America and Saudi Arabia.

Snakes, ranging from the totally harmless to the lethal, abound in the desert. A
bite from a poisonous snake under two feet long can easily become infected.

Snakes seek shade (cool areas) under bushes, rocks, trees, and shrubs. These
areas should be checked before sitting or resting. Troops should always check
clothing and boots before putting them on. Vehicle operators should look for

snakes when initially conducting before-operations maintenance.  Look for
snakes in and around suspension components and engine compartments as
snakes may seek the warm areas on recently parked vehicles to avoid the cool

night temperatures,

Sand vipers have two long and disti nctivefan?] that may be covered with a
curtain of flesh or folded back into the mouth.  Sand vipers usually are
aggressive and dangerous in spite of their size. A sand viper usually buries itself
in the sand and may strike at a passi ng man; its presence is aerted by a
characteristic coiling pattern left on the sand.

The Egyptian cobra can be identified by its characteristic cobra combative
ﬁosture. In this posture, the upper portion of the body is raised vertically and the

ead tilted sharply forward. The neck is usually flattened to form ahood. The
Egyptian cobra s often found around rocky places and ruins and is fairly
common. The distance the cobra can strike in a forward direction is equa to the
distance the head is raised above the ground. Poking around in holes and rock
pilesis particularly dangerous because of the likelihood of encountering a cobra.
See Figure 1-16 for an example of aviper and cobra.

Pit

Poison sac

Figure 1-16. Sand viper and cobra.
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Mammals

The camel is the best known desert mammal. The urine of the camel is very
concentrated to reduce water loss, allowing it to lose 30 Bercent of its body
weight without undue distress. A proportionate loss would be fatal to man. The
camel regains this weight by drinking up to 27 gallons (120 liters) of water at a
time. It cannot, however, live indefinitely without water and will die of
dehydration as readily as man in equivalent circumstances. Other mammals,
such as gazelles, obtain most of their required water supply from the vegetation
they eat and live in areas where there is no open water. Smaller animals,
including rodents, conserve their moisture by burrowing underground away from
the direct heat of the sun, only emerging for foraging at night. All theseliving
things have adapted to the environment over a period of thousands of years;
however, man has not made this adaptation and must carry his food and water
with him and must also adapt to this severe environment.

Dogs are often found near mess facilities and tend to be in packs of 8 or 10.
Dogs are carriers of rabies and should be avoided. Commanders must decide
how to deal with packs of dogs; extermination and avoidance are two options.
Dogs also carry fleas which may be transferred upon bodily contact. Rabiesis
present in most desert mammal populations. Do not take any chances of
contracting fleas or rabies from any animal by adopting pets.

Rats are carriers of various parasites and gastrointestinal diseases due to their
presence in unsanitary locations,

Section 1. Environmental Effects on Personnel

There is no reason to fear the desert environment, and it should not adversely
affect the morale of a soldier/marine who is prepared for it. Lack of natural
concealment has been known to induce temporary agoraphobia (fear of open
spaces) in some troops new to desert conditions, but this fear normally
disappears with acclimatization. Remember that there is nothing unique about
either living or fighting in deserts; native tribesmen have lived in the Sahara for
thousands of years. The British maintained a field army and won a campaign in
the Western Desert in World War 11 a the far end of a 12,000-mile sea line of
communication with equipment considerably inferior to that in service now. The
desert is neutral, and affects both sides equally; the side whose personnel are best
prepared for desert operations has a distinct advantage.

The desert is fatiguing, both physically and mentaly. A high standard of
discipline is essential, as a single individual's lapse may catise serious damage to
his unit or to himself. Commanders must exercise a high level of leadership and
train their subordinate |eaders to assume greater responsibilities required by the
wide dispersion of units common in desert warfare. Soldiersmarines with good
leaders are more apt to accept heavy physical exertion and uncomfortable
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conditions. Every soldier/marine must clearly understand why heisfighting in
such harsh conditions and should be kept informed of the operational situation.
Ultimately, however, the maintenance of discipline will depend on individual
training.

Commanders must pay specia atention to the welfare of troops operating in the
desert, as troops are unable to find any “comforts’ except those provided by the
command. Welfare is an essential factor in the maintenance of morale in a harsh
environment, especialy to the inexperienced. There is more to welfare than the
provision of mail and clean cl othina%. Troops must be kept healthy and
physicaly fit; they must have adequate, palatable, regular food, and be alowed
periods of rest and sleep.  These things will not always be possible and
discomfort is inevitable, but if troops know that their commanders are doi nt};1
everything they can to make life tolerable, they will more readily accept the
extremes brought on by the environment.

HEAT

The extreme heat of the desert can cause heat exhaustion and heatstroke and puts
troops at risk of degraded performance. For optimum mental and physical
performance, body temperatures must be maintained within narrow limits. Thus,
Itisimportant that the body lose the heat it gains during work. The amount of
heat accumulation in the human body depends upon the amount of physical
activity, level of hydration, and the state of personal heat acclimatization. Unit
|eaders must monitor their troops carefully for signs of heat distress and adjust
schedules, work rates, rest, and water consumption according to conditions.

Normally, several physical and physiological mechanisms (e.g., convection and
evaporation) assure transfer of excess body heat to the air. But when air
temperature is above skin temperature (around 92 degrees Fahrenheit) the
evaporation of sweat is the only operative mechanism. Following the loss of
swedt, water must be consumed to replace the body’ s lost fluids. If the bod
fluid lost through sweating is not replaced, dehydration will follow. Thiswill
hamper heat dissipation and can lead to heat iliness. When humidity is high,
evaporation of sweat isinhibited and there isa greater risk of dehydration or heat
stress. Consider the following to help prevent dehydration:

» Heat, wind, and dry air combine to produce a higher individual water
requirement, primarily through loss of body water as sweat. Sweat rates
can be high even when the skin looks and feels dry.

» Dehydration nullifies the benefits of heat acclimatization and physical
fitness, it increases the susceptibility to heat injury, reduces the capacity
to work, and decreases appetite and aertness. A lack of aertness can
indicate early stages of dehydration.

« Thirst is not an adequate indicator of dehydration. The soldier/marine
will not sense when he is dehydrated and will fail to replace body water
losses, even when drinking water is available. The universal experience
in the desert is that troops exhibit “voluntary dehydration” that Is, they
maintain their hydration status at about 2 percent of body weight (1.5
quarts) below their ideal hydration status without any sense of thirst.



Chronic dehydration increases the incidence of several medical problems:

congtipation (already an issue in any field situation), piles (hemorrhoids), kidney

stones, and urinary infections.  The likelihood of these problems occurring can
be reduced by enforcing mandatory drinking schedules.

Resting on hot sand will increase heat stress--the more abody surfaceisin
contact with the sand, the greater the heat stress. Ground or sand in full sunis
hot, usually 30-45 degrees hotter than the air, and may reach 150 degrees
Fahrenheit when the air temperature is 120 degrees Fahrenheit. Cooler sand is
just inches below the surface; a shaded trench will provide a cool resting spot.

At the first evidence of heat illness, have the troops stop work, get into shade,
and rehydrate. Early intervention is important. Soldiers’ marines who are not
taken care of can become more serious casualties.

ACCLIMATIZATION

Acclimatization to heat is necessary to permit the body to reach and maintain
efficiency in its cooling process. A period of approximately 2 weeks snould be
adlowed for acclimatization, with Progrve increases in heat exposure and
phP/si cal exertion. Significant acclimatization can be attained in 4-5 days, but
full acclimatization takes 7-14 days, with 2-3 hours per day of exercisein the
heat. Gradually increase physical activity until full acclimatization is achieved.

Acclimatization does not reduce, and may increase, water requirements.
Although this strengthens heat resistance, there is no such thing as total
protection against the debilitating effects of heat. Situations may arise where it is
not possible for men to become fully acclimatized before being required to do
heavy labor. When this happens heavy activity should be limited to cooler hours
and troops should be allowed to rest frequently. Check the weather daily.
Day-to-day and region-to-region variations in temperatures, wind, and humidity
can be substantial.

CLIMATIC STRESS

Climatic stress on the human body in hot deserts can be caused by any

combination of air temperature, humidity, air movement, and radiant heat. The

body is also adversely affected by such factors as lack of acclimatization, being

ﬁgalf:r\r/]vei ght, dehydration, alcohol consumption, lack of sleep, old age, and poor
th.

The body maintains its optimum temperature of 98.6 degrees Fahrenheit by
conduction/convection, radiation, and evaporation (Sweat). The most important
of these in the daytime desert is evaporation, as air temperature alone is probabl
aready above skin temperature. If, however, relative humidity is high, air wifl
not easily evaporate sweat and the cooling effect is reduced. The following
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WARNING

One heat casualty
is usually followed
by othersand is a
warning that the
entire unit may be
at risk. This is the
"Weak Link Rule."”
The status of the
whole unit is
assessed at this
point.
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paragraphs describe the effects of radiant light, wind, and sand on personnel in
desert areas.

Radiant Light

Radiant light comes from all directions. The sun’s rays, either direct or reflected
off the ground, affect the skin and can also produce eyestrain and temporarily
impaired vision. Not only does glare damage the eyes but it is very tiring;
therefore, dark glasses or goggles should be worn.

Overexposure to the sun can cause sunburn. Personswith fair skin, freckled
skin, ruddy complexions, or red hair are more susceptible to sunburn than others,
but all personnel are susceptible to some degree. Personnel with darker
complexions can also sunburn.  Thisis difficult to monitor due to skin
pigmentation, so |leaders must be ever vigilant to watch for possible sunburn
victims. Sunburn is characterized by painful reddened skin, and can result in
blistering and lead to other forms of heat illness.

Soldier/marines should acquire a suntan in gradual stages (preferably in the
early morning or late afternoon) to gain some protection against sunburn. They
should not be permitted to expose bare skin to the sun for [onger than five
minutes on the first day, increasing exposure gradually at the rate of five minutes
per day. They should be fully clothed in loose garments in all operational
situations. This will also reduce sweat loss. It isimportant to remember that—

* The sun is as dangerous on cloudy days asit ison sunny days.

« Sunburn ointment is not designed to give complete protection against
EXCesSiVe exposure.

« Sunbathing or dozing in the desert sun can be fatal.

Wind

The wind can be as physically demanding as the heat, burning the face, arms, and
any exposed skin with blown sand.  Sand gets into eyes, nose, mouith, throat,
lungs, ears, and hair, and reaches every part of the body. Even speaking and
listening can be difficult. Continual exposure to blown sand is exhausting and
demoralizing. Technical work spaces that are protected from dust and sand are
likely to be very hot. Work/rest cycles and enforced water consumption will be
required.

The combination of wind and dust or sand can cause extreme irritation to mucous
membranes, chap the lips and other exposed skin surfaces, and can cause
nosbleed.  Cracked, chapped lips make eating difficult and cause
communication problems.  Irritative conjunctivitis, caused when fine particles
enter the eyes, Isafrequent complaint of vehicle crews, even those wearing

oggles. Lip balm and skin and eye ointments must be used by al personnel.

onstant wind noise is tiresome and increases soldier/marine fatigue, thus
affecting alertness.



When visibility is reduced by sandstorms to the extent that military operations
areimpossible, soldiers/marines should not be &llowed to leave their group for
any purpose unless secured by lines for recovery.

Th((ej following are special considerations when performing operations in dust or
sand:

* Contact lenses are very difficult to maintain in the dry dusty environment
of the desert and should not be worn except by military personnel
operating inair conditioned environments, under command guidance.

* Mucous membranes can be protected by breathing through a wet face
cloth, snuffing small amounts of water into nostrils (native water is not
safe for this purpose) or coating the nostrils with a small amount of
petroleum jelly. Lips should be protected by lip balm.

* Moving vehicles create their own sandstorms and troops traveling in open
vehicles should be protected.

* Scarves and bandannas can be used to protect the head and face.

* The face should be washed as often as possible. The eyelids should be
cleaned daily.

BASIC HEAT INJURY PREVENTION

The temperature of the body is regulated within very narrow limits. Too little
salt causes heat cramps; too little salt and insufficient water causes heat
exhaustion. Heat exhaustion will cause a general collapse of the body’s cooling
mechanism. This condition is heatstroke, and is potentially fatal. To avoid these
ilInesses, troops should maintain their physical fitness by eating adequately,
drinking sufficient water, and consuming adequate salt. If soldiersmarines
expend more calories than they take in, they will be more prone to heat illnesses.
Since troops may lose their desire for food in hot climates, they must be
ﬁncouraged to eat, with the heavier meal of the day scheduled during the cooler
ours.

It is necessary to recognize heat stress symptoms quickly. When suffering from
heatstroke, the most dangerous condition, there is a tendency for a soldier/marine
to cregp away from his comrades and attempt to hide in a shady and secluded
gpot; if not found and treated, he will die. When shade is required during the
ay, it can best be provided by tarpaulins or camouflage nets, preferably doubled
toalow arr circulation between layers and dampened with any surplus water.

Approximately 75 percent of the human body is fluid. All chemical activitiesin
the body occur in awater solution, which assists in the removal of toxic body
wastes and plays a vital part in the maintenance of an even body temperature. A

loss of 2 quarts of body fluid (2.5 percent of body wei Tght) decreases efficiency

by 25 percent and aloss of fluid equal to 15 percent of body weight is usually
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fatal. The following are some considerations when operating in a desert
environment:

« Consider water a tactical weapon. Reduce heat injury by forcing water
consumption. Soldiersmarinesin armored vehicles, MOPP gear, and in

body armor need to increase their water intake.
WARNING * When possible, drink cool (50-55 degrees Fahrenheit) water.

Drink water even if * Drink one quart of water in the morning, at each meal, and before
not thirsty. Thirst strenuous work. In hot climates drink at [east one quart of water each
) ’ hour. At higher temperatures hourly water requirements increase to over
is not an adequate two quarts.

warning of » Take frequent rinks since they are more often effective than drinking the
dehydration. same amount al at once. Larger soldiersmarines need more water.

* Replace sdlt loss through eating medls.

« When possible, work loads and/or duration of physical activity should be

|less during the first days of exposure to heat, and then should gradually
be increased to follow acclimatization.

* Modify activities when conditions that increase the risk of heat injury

(fatigutelloss of dleep, previous heat exhaustion, taking medication) are
present.

» Take frequent rest periodsin the shade, if possible. Lower the work rate
and work |oads as the heat condition increases.

» Perform heavy work in the cooler hours of the day such as early morning
or late evening, if possible.

A description of the symptoms and treatment for heat illnesses follows:
* Heat cramps.

— Symptoms. Muscle cramps of arms, legs, and/or stomach. Heavy
sweating (wet skin) and extreme thirst.

- First aid: Move soldier/marine to a shady area and loosen clothing.
Slowly give large amounts of cool water. Watch the soldier/marine

and continue to give him water, if he acceptsit. Get medical help if
cramps continue,

* Heat exhaustion.

- Symptoms.  Heavy sweating with pale, moist, cool skin; headache,
weakness, dizziness, and/or loss of appetite; heat cramps, nausea
(with or without vomiting), rapid breathing, confusion, and tingling
of the hands and/or feet.

— Firstaid:  Move the soldier/marine to a cool, shady area and
loosen/remove clothing.  Pour water on the soldier/marine and fan
him to increase the cooling effect. Have the soldier/ marine Slowly
drink at least one full canteen of water. Elevate the soldier’Smaring’s
Ieg?s. Get medical help if symptoms continue; watch the
soldier/marine until the symptoms are gone or medical aid arrives.
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* Heatstroke.
— Symptoms: Sweating stops (red, flushed, hot dry skin).

—First aid: Evacuate to amedical facility immediately. Move the
soldier/marine to a cool, shady area and loosen or remove clothing if
the situation permits.  Start cooling him immediately. Immerse him
in water and fan him. Massage his extremities and skin and elevate
hislegs. If conscious, have the soldier/marine Slowly drink one full
canteen of water.

WATER SUPPLY

Maintaining safe, clean, water suppliesis critical. The best containers for small
quantities of water (5 gallons) are plastic water cans or coolers. Water in plastic
cans will be good for up to 72 hours; storage in metal containers is safe only for
24 hours, Water trailers, if kept cool, will keep water fresh up to five days. If the
air temperature exceeds 100 degrees Fahrenheit, the water temperature must be
monitored. When the temperature exceeds 92 degrees Fahrenheit, the water
should be changed, as bacteriawill multiply. If the water is not changed the
water can become a source of sickness, such as diarrhea. Ice in containers keeps
water cool. If iceis put in water trailers, the ice must be removed prior to moving
thetrailer to prevent damage to the inner lining of the trailer.

Potable drinking water is the single most important need in the desert. Ensure
nonpotable water is never mistaken for drinking water. Water that is not it to
drink but is not otherwise dangerous (it may be merely oversalinated) may be
used to aid cooling. It can be used to wet clothing, for example, so the body does
not use too much of itsinterna store of water.

Use only government-issued water containers for drinking water. Carry enough
water on avehicle to last the crew until the next planned resupply. It iswiseto
provide a small reserve. Carry water containersin positions that—

« Prevent vibration by clamping them firmly to the vehicle body.

* Are in the shade and benefit from an air draft.

« Are protected from puncture by shell splinters.

* Are easily dismounted in case of vehicle evacuation,

Troops must be trained not to waste water. Water that has been used for washing
socks, for example, is perfectly adequate for a vehicle cooling system.

Obtain drinking water only from approved sources to avoid disease or water that
may have been deliberately polluted. Be careful to quard against pollution of
water sources. If rationing isin effect, water should be issued under the close
supervision of officers and noncommissioned officers.

FM 90-3

DANGER

Heatstroke is a
medical

emergency. Seek
medical attention
immediately.
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HINT: Taking a
military-issue
wool sock,
soaking it in
water, and
wrapping it
around a canteen
or placing iton a
water bottle, will
cool the water
through
evaporation.
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Humans cannot perform to maximum efficiency on a decreased water intake. An
acclimatized soldier/marine will need as much (if not more) water asthe
nonacclimatized soldier/marine, as he sweats more readily. If the ration water is
not sufficient, thereis no alternative but to reduce physical activity or restrict it
to the cooler parts of the day.

In very hot conditionsiit is better to drink smaller quantities of water often rather

than |arge quantities occasionally. Drinking large quantities causes excessive

sweating and may induce heat cramps. Use of acohol |essens resistance to heat

dueto its dehydrating effect. As activitiesincrease or conditions become more
severe, increase water Intake accordingly.

The optimum water drinking temperature is between 10 degrees Celsius and 15.5
degrees Celsius (50-60 degrees Fahrenheit). Use lister bags or even wet cloth
around metal containersto help cool weter.

Units performing heavy activities on a sustained basis, such as a forced march or
digging in, at 80 degrees wet bulb globe temperature index, may require more
than 3 gallons of drinking water per man. Any increase in the heat stress will
increase this need. In high temperatures, the average soldier/marine will reguire
9 quarts of water per day to survive, but 5 gallons are recommended. Details on
water consumption and planning factors are contained in Appendix G.

While working in high desert temperatures, a man & rest may lose as much asa
ﬁl nt of water per hour from swesting. In very high temperatures and low

umidity, sweating is not noticeable as It evaporates so fast the skin will appear
dry. Whenever possible, sweat should be retained on the skin to improve the
cooling process; however, the only way to do thisisto avoid direct sun on the
skin. Thisisthe most important reason why desert troops must remain fully
clothed. If a soldier/marine is working, his water loss through sweating (and
subsequent regquirement for replenishment) increases in proportion to the amount
of work done (movement). Troops will not always drink their required amount of
liquid readily and will need to be encouraged or ordered to drink more than they
think is necessary as the sensation of thirst is not felt until there is a body deficit
of 1to 2 quarts of water. Thisis particularly true during the period of
acclimatization. Packets of artificial fruit flavoring encourages consumption due
to the variety of pleasant tastes.

All unit leaders must understand the critical importance of maintaining the
proper hydration status. Almost any contingency of military operations will act
to interfere with the maintenance of hydration. Urine provides the best indicator
of proper hydration.  The following are considerations for proper hydration
during desert operations:

» Water is the key to your health and survival. Drink before you become
thirsty and drink often, When you become thirsty you will be about a
“quart and ahalf low”.



* Carry as much water as possible when away from approved sources of
drinking water. Man can live longer without food than without water.

* Drink before you work; carry water in your belly, do not “save” it in your
canteen. Learn to drink a quart or more of water at one time and drink
frequently to replace sweat [0sses.

* Ensure troops have at |east one canteen of water in reserve, and know
where and when water resupply will be available.

* Carbohydrate/electrolyte beverages (e.g., Gatorade) are not required, and
If used, should not be the only source of water.  They are too
concentrated to be used alone. Many athletes prefer to dilute these 1.1
with water.  Gaseous drinks, sodas, beer, and milk are not good
substitutes for water because of their dehydrating effects.

* |f urineis more colored than diluted lemonade, or the last urination
cannot be remembered, there is probably insufficient water intake.
Collect urine samplesin field expedient containers and spot check the
color as aguide to ensuring prgﬁer hydration. Very dark urine warns of
dehydration. Soldiers/marines snould observe their own urine, and use
the buddy system to watch for signs of dehydration in others.

* Diseases, especially diarrheal diseases, will complicate and often prevent
maintenance of proper hydration.

Sdlt, in correct proportions, is vital to the human body; however, the more a man
sweats, the more st he loses.  Theissue ration has enough salt for a
soldier/marine drinking up to 4 quarts of water per day. Unacclimatized troops
need additional salt during their first few days of exposure and all
soldiers/marines need additional salt when sweating heavily. If the water
demand to balance sweat |oss rises, extra salt must be taken under medical
direction. Salt, in excess of body requirements, may cause increased thirst and a
feeling of sickness, and can be dangerous. Water must be tested before adding
salt as some sources are aready saline, especialy those close to the sea.

COLD

The desert can be dangerously cold. Thedry air, wind, and clear sky can
combine to produce bone-chilling discomfort and even injury. The ability of the
body to maintain body temperature within a narrow range is as important in the
cold asin the heat. Loss of body heat to the environment can lead to cold injury;
agenera lowering of the bodr temperature can result in hypothermia, and local
freezing of body tissues can lead to frosthite. Hypothermiais the major threat
from the cold in the desert, but frostbite also occurs.

Troops must have enough clothi nc{; and shelter to keep warm. Remember, wood
isdifficult to find; any that is available is probably aready in use. Troops maybe
tempted to |eave clothi n% and equipment behind that seems unnecessary (and
burdensome) during the heat of the day. Cold-wet injuries (immersion foot or
trench foot) may be a problem for dismounted troops operating in the coastal
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marshes of the Persian Gulf during the winter. Some guidelines to follow when
operating in the cold are-

« Anticipate an increased risk of cold-wet injuries if a proposed operation
includes lowland or marshes. Prolonged exposure of the feet in cold
water causes immersion foot injury, which is completely disabling.

* Check the weather—know what conditions you will be confronting. The
daytime temperature is no guide to the nighttime temperature;
90-degree-Fahrenheit days can turn into 30-degree-Fahrenheit nights.

* The effects of the wind on the perception of cold is well known.
Windchill charts contained in FM 21-10 allow estimation of the
combined cooling power of air temperature and wind speed compared to
the effects of an equally cooling still-air temperature.

CLOTHING

Uniforms should be worn to protect against sunlight and wind. Wear the
uniform loosely.  Use hats, goggles, and sunscreen. Standard lightweight
clothing is suitable for desert operations but should be camouflaged in desert
colors, not green. Wear nonstarched long-sleeved shirts, and full-length trousers
tucked into combat boots. Wear a scarf or triangular bandannaloosely around
the neck (as a sweat rag) to protect the face and neck during sandstorms against
the sand and the sun. In extremely hot and dry conditions a wet sweat rag worn
loosely around the neck will assist in body cooling.

Combat boots wear out quickly in desert terrain, especially if the terrain is rocky.
The leather drys out and cracks unless a nongreasy mixture such as saddle soap
is applied. Covering the ventilation holes on jungle boots with glue or epoxies
prevents excessive sand from entering the boots. Although difficult to do, keep
clothing relatively clean by washing in any surplus water that is available. When
water isnot available, air and sun clothing to help kill bacteria.

Change socks when they become wet. Prolonged wear of wet socks can lead to
foot injury. Although dry desert air promotes evaporation of water from exposed
clothing and may actually promote cooling, Sweat tends to accumulate in boots.

Soldier/marines may tend to stay in thin clothing until too late in the desert day
and become susceptible to chills-so respiratory infections may be common.
Personnel should gradually add layers of ¢ othmﬁ at night (such as swezters), and
gradually remove them in the morning. Where the danger of cold weather injury
existsin the desert, commanders must guard against attempts by inexperienced
troops to discard cold weather clothing during the heat of the day.

Compared to the desert battle dress uniform (DBDU) the relative impermeability
of the battle dress overgarment (BDO) reduces evaporative cooling capacity.
Wearing underwear and the complete DBDU, with sleeves rolled down and
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under the chemical protective garment, provides additional protection against
chemical poisoning. However, this also Increases the likelihood of heat stress

casudlties.

HYGIENE AND SANITATION

Personal hygiene is absolutely critical to sustaining physical fitness. Take every

opportunity to wash. Poor persona hygiene and lack of attention to siting of

| atrines calise more casualties than actual combat. Field Marshal Rommel Tost

over 28,400 soldiers of his Afrika CorBs to disease in 1942. During the desert

campaigns of 1942, for every one combat injury, there were three hospitalized

for disease. Hygiene and sanitation are covered in detail in FM 21-10. This
section highlights some of the points that are of special importance to the

commander in the desert.

Proper standards of persona hygiene must be maintained not only as a deterrent

to disease but as a reinforcement to discipline and morale. If water isavailable,
shave and bathe daily. Cleaning the areas of the body that sweat heavily is
especially important; change underwear and socks frequently, and use foot
powder often.  Units deBI oyed in remote desert areas must have a means of
cutting hair therefore, barber kits should be maintained and inventoried prior to

any og)l oyment. If sufficient water is not available, troops should clean

themselves with sponge baths, solution-impregnated pads, a damp rag, or even a

dry, clean cloth. Ensure that waste water IS disposed of in an approved areato

prevent insect infestation. If sufficient water is not available for washing, a field

expedient aternative is powder baths, that is, using talcum or baby powder to dry

bathe.

Check troops for any sign of injury, no matter how dlight, as dirt or insects can
cause infection in minor cuts and scratches. Small quantities of disinfectant in

washing water reduces the chance of infection. Minor sickness can have serious

effectsin the desert. Prickly heat for example, upsets the sweating mechanism

and diarrhea increases water loss, making the soldier/marine more prone to heat

ilInesses. The budady system helps to ensure that prompt attention is given to

these problems before they incapacitate individuals.

Intestinal diseases can easily increase in the desert. Proper mess sanitation is
essentid.  Sitelatrines well away and downwind of troop areas and lagers.
Trench-type latrines should be used where the soil is suitable but must be dug
deeply, as shallow latrines become exposed in areas of shifting sand. Funnels
dug into a sump work well as urinals. Layer the bottom of dlit trenches with lime
and cover the top prior to being filled in. Ensure lime is available after each use
of the latrine. Flies area perpetua source of irritation and carry infections. Only
good sanitation can keep the fly problem to aminimum. Avoid al local tribe
camps since they are frequently a source of disease and vermin.
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DESERT SICKNESS

Diseases common to the desert include plague, typhus, malaria, denﬂue fever,
dysentery, cholera, and typhoid. Diseases which adversely impact hydration,
such as those which include nausea, vomiting, and diarrhea among their
symptoms, can act to dramatically increase the risk of heat (and cold) ilTness or
injury.  Infectious diseases can result in a fever; this may make it difficult to
diagnose heat illness. Occurrences of heat illness in troops suffering from other
diseases complicate recovery from both ailments.

Many native desert animals and plants are hazardous. In addition to injuries asa
(rje_sult of hites, these natural inhabitants of the desert can be a source of infectious
| seases,

Many desert plants and shrubs have a toxic resin that can cauise blisters, or spines

that can cause infection. Consider milky sap, all red beans, and smoke from

burning oleander shrubs, poisonous.  Poisonous snakes, scorpions, and spiders
are common in al deserts. Coastal waters of the Persian Gulf contain hazardous

marine animals including sea snakes, poisonous jellyfish, and sea urchins.

Skin diseases can result from polluted water so untreated water should not be
used for washing clothes; although it can be used for vehicle cooling systems or
vehicle decontamination.

The excessive sweating common in hot climates brin%s on prickly heat and some
forms of fungus infections of the skin.  The higher the humidity, the greater the
possibility of their occurrence.  Although many deserts are not humid, there are
exceptions, and these ailments are common to humid conditions.

The following are additional health-related considerations when operating in a
desert environment:

* The most common and significant diseases in deserts include diarrheal
and insectborne febrile (i.e., fever causing) illnesses-both types of these
diseases are preventable.

» Most diarrheal diseases result from ingestion of water or food
contaminated with feces.  Flies, mosquitoes, and other insects carry
fever-causing illnesses such as malaria, sand fly fever, dengue (fever with
severe pain in the joints), typhus, and tick fevers.

* There are no safe natural water sources in the desert. Standing water is
usually infectious or too brackish to be safe for consumption. Unitsand
troops must always know where and how to get safe drinking water.

» Avoid brackish water (i.e., salty). It, like seawater, increasesthirst; it
also dehydrates the soldier/marine faster than were no water consumed.
Brackish water is common even in public water supplies, lodine tablets
only kill germs, they do not reduce brackishness.



« Water supplies with insufficient chlorine residuals, native food and drink,
and ice from all sources are common sources of infective organisms.

PREVENTIVE MEASURES

Both diarrhea and insectborne diseases can be prevented through a strategy
which breaks the chain of transmission from infected sources to susceptible
soldiersmarines by effectively applying the preventive measures contained in
FM 21-10. Additiona preventive measures are described below:

» Careful storage, handling and purification/preparation of water and food
are the keys to prevention of diarrheal disease. Procure al food, water,
ice, and beverages from US military approved sources and inspect them

routinely.

« Well-cooked foods that are “steaming hot” when eaten are generally safe,
as are peeled fruits and vegetables.

« Local dairy products and raw leafy vegetables are generally unsafe.

» Consider the food in native markets hazardous. Avoid local food unless
approved by medica personnel officials.

* Assume raw ice and native water to be contaminated--raw ice cannot be
properly disinfected. Ice has been a major source of illnessin all prior
conflicts; therefore, use ice only from approved sources.

« |f any uncertainty exists concerning the quality of drinking water, troops
should disinfect their supplies using approved field-expedient methods
(e.g., hypochlorite for lister bags, iodine tablets for canteens, bailing).

« Untreated water used for washing or bathing risks infection.

« Hand washing facilities should be established at both latrines and mess
facilities. Particular attention should be given to the cleanliness of hands
and fingernails.  Dirty hands are the primary means of transmitting

disease.
* Dispose of human waste and garbage as specified in FM 21-10.
Adaitional considerations regarding human waste and garbage are--

— Sanitary disposal isimportant in preventing the spread of disease
from insects, animals, and infected individuals, to healthy
soldierdmarines.

— Congtruction and maintenance of sanitary latrines are essential.
— Burning is the best solution for waste.

— Trench latrines can be used if the ground is suitable, but they must be
dug deeply enough so that they are not exposed to shifting sand, and
they must have protection against flies and other insects that can use

them as breeding places.

—Food and garbage attract animals--do not sleep where you eat and
keep refuse areas away from living aress.
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« Survey the unit area for potential animal hazards.
» Shakeout boots, clothing, and bedding before using them.

Section I11. Environmental Effects on
Equipment

Conditions in an arid environment can damage military equipment and facilities.
Temperatures and dryness are major causes of equipment failure, and wind
action lifts and spreads sand and dust, clogging and jamming anything that has
moving parts. Vehicles, aircraft, sensors, and weapons are all affected. Rubber
components such as gaskets and seals become brittle, and oil leaks are more
frequent. Ten characteristics of the desert environment may adversely affect
equipment used in the desert:

* Terrain.

* Hedt.

* Winds.

* Dust and sand.

* Humidity.

« Temperature variations.
* Thermal bending.

+ Optical path bending.

« Static eectricity.

* Radiant light.

The relative importance of each characteristic varies from desert to desert.
Humldlté, ;‘for example, can be discounted in most deserts but is important in the
Persian Gulf.

TERRAIN

Terrain varies from nearly flat, with high trafficability, to lava beds and salt
marshes with little or no trafficability. Drivers must be well trained in judg n%
terrain over which they are driving so they can select the best method o
overcoming the varying conditions they will encounter. Techniques for driving
and operating equipment in desert conditions are contained in Appendix C.

Track vehiclesare well suited for desert operations. Wheel vehiclesmay be
acceptable as they can go many places that track vehicles can go; however, their
lower speed average in poor terrain maybe unacceptable during some operations.
Vehicles should be equipped with extra fan belts, tires, (and other items apt to
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malfunction), tow ropes (if not equipped with awinch), extrawater cans, and
desert camouflage nets. Air-recognition panels, signal mirrors, and a tarpaulin for
crew sun protection are very useful. Wheel vehicles should also carry mats, or
channels as appropriate, to assist in freeing mired vehicles.

The harsh environment requires a very high standard of maintenance, which may
have to be Performed well away from speciaized support personnel. Operators
must be fully trained in operating and maintaining their equipment. Some types
of terrain can have a severe effect on suspension and transmission systems,
especially those of wheel vehicles. Tanks are prone to throw tracks when
traveling over rocks.

Track components require specia care in the desert. Grit, heat, and bad track
tension accelerate track failure. Sﬁrockets wear out quickly in sandy conditions.
Track pins break more easily in high temperatures and high temperatures also
increase rubber/metal separation on road wheels. Proper track tension is critical,
asloose track is easily thrown and excessive tension causes undue stress on track
components.

Increase the unit PLL of tires and tracks as sand temperatures of 165 degrees

Fahrenheit are extremely detrimental to rubber, and weaken resistance to sharp
rocks and plant spines, Items affected by mileage such as wheels, steering, track

wedge bolts and sprocket nuts, and transmission shafts, must be checked for

undue wear when conducting before-, during-, and after-operations maintenance.

HEAT

Vehicle coding and lubrication systems are interdependent. A malfunction by
one will raoi dly place the other system under severe strain. In temperature
extremes, all types of engines are apt to operate above optimum temperatures,
leading to excessive wear, or leaking oil sealsin the power packs, and ultimately,
engine failure. Commanders should be aware which types of vehicles are prone
to excessive overheating, and ensure extra care is applied to their maintenance.
The following are considerations for ensuring engines do not overheat:

* Check oil levels frequently to ensure proper levels are maintained (too
high may be as bad astoo low), that seals are not leaking, and oil
consumption is not higher than normal.

« Keep radiators and air flow areas around engines clean and free of debris
and other obstructions.

« Fit water-cooled engines with condensers to avoid steam escaping
through the overflow pipe.

« Cooling hoses must be kept tight (a drip a second loses 7 gallons of fluid
in 24 hours).

» Operators should not remove hood side panels from engine compartments
while the engineis running as this causes air turbulence and leads to
ineffective cooling.

1-31



FM 90-3

1-32

Batteries do not hold their charge efficiently in intense heat. Check them twice
daily. Thhe following are additional considerations for maintaining batteriesin
intense heat:

» Change battery specific gravity to adjust to the desert environment (see
vehicle TMs for details).

» Keep batteries full, but not overfilled, and carry areserve of distilled
water.

» Keep air vents clean, or vapors may build up pressure and cause the
battery to explode.

« Set voltage requlators as low as practical.

* Increase dry battery supplies to offset high attrition rate caused by heat
exposure.

Severe heat increases pressure in closed pressurized systems such as the M2 fire
burner unit, and increases the volume of liquids. Ensure that the working
pressure of all equipment is within safety limits and be careful when removing
Items such asfiller caps.

Treat Halon fire extinguishers with care. High temperatures may cause them to
discharge spontaneoudly. Put wet rags on them during the hottest part of the day
to keep them coder.

Some items of equipment are fitted with thermal cutouts that open circuit
breakers whenever equipment begins to overheat. Overheating is often caused
by high ambient temperatures, and can be partly avoided by keeping the item in
the shade or wrapping it in awet cloth to maintain alower temperature by
evaporation.

Flying time and performance of helicopters are degraded as the altitude and heat
increases.  Helicopter performance is also affected by humidity. Aircraft
cahnopies have been known to bubble under direct heat and should be covered
when not in use.

Ammunition must be out of direct heat and sunlight. Use camouflage nets and
gpaul ifns to provide cover. Ammunition cool enough to be held by bare handsis
etofire

Wood shrinks in a high-temperature, low-humidity environment. Equipment,
such as axes carried on track vehicles, can become safety hazards as heads are
likely to fly off shrunken handles.

Radiators require special attention. Proper cooling-System operation is critical in
high-temperature environments. Check cooling Systems for serviceability prior
to deployment. Local water maybe high in mineral content which will calcify in
cooling systems. Distilled water is better since tap water contains chemicals that



will form acrusty coating inside the radiator and will ultimately clog it. A
mixture of 40 percent antifreeze and 60 percent water is usudly
acceptable--check your appropriate technical manua to be certain.

During movement, and at operation sites where extremely hot temperatures exist,
continuous protection from the heat is necessary for medical items and supplies,
which deteriorate rapidly.

Air and al fluids expand and contract according to temperature. If tires are
inflated to correct pressure during the cool of night, they may burst during the
heat of day. If fuel tanks are filled to the brim at night, they will overflow at
midday. Servicing these items during the heat of day can result in low tire
P_re$ure, overheating of tires, and a lack of endurance if the fuel tanks were not

illed to their correct levels. Air pressurein tires must be checked when the
equipment is operating at efficient working temperatures, and fuel tanks must be
filled to their correct capacity as defined in the appropriate technical manual.
These items should be checked severa times aday and again at night.

The major problem with radiosin adesert environment is overheating. The
following steps can help prevent overheating of radios:

« Keep radios out of direct sunlight.

» Place a piece of wood on top of the radio. Leaving space between the
wood and the top of the radio will help cool the equipment. Operating on
low power whenever possible will also help.

* Place wet rags on top of radios to help keep them cool and operational.
Do not cover the vents.

Any ail or fuel blown onto a cooler (heat exchanger) will gather and quickly

degrade cooling. Fix even dight leaks promptly. Do not remove cooling ducts
or shrouds. Check them for complete coverage--use tape to seal cracks. Do not
remove serviceable thermostats if overheating occurs.

WINDS

Desert winds, by their velocity alone, can be very destructive to large and
relatively light materiel such as aircraft, tentage, and antenna systems. To
minimize the possibility of wind damage, materiel should be sited to benefit from
wind protection and should be firmly picketed to the ground.

DUST AND SAND

Dust and sand are probably the greatest danger to the efficient functioning of
equipment in the desert. It is almost impossible to avoid particles settling on
moving parts and acting as an abrasive. Sand mixed with oil forms an abrasive

paste.
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Lubricants must be of the correct viscosity for the temperature and kept to the
recommended absolute minimum in the case of e>;aosed or semiexposed moving

parts. Lubrication fittings are critical items and snould be checked frequently.

|f they are missing, sand will enter the housing causing bearing failure. Teflon
bearings require constant inspection to ensure that the coating is not being
eroded.

Proper |ubrication is crucial for success. Wipe off al grease fittings before you
attach the grease gun and after use. Keep cans of grease covered to prevent sand
contamination. Preserve opened grease containers by covering and sealing with
plastic bags. Use of grease cartridgesin lieu of bulk greaseis preferred. All
POL dispensing tools must be stored in protected areas to prevent contamination.
Place atarpaulin, or other material, under equipment being repaired to prevent
tools and components from being lost in the sand. The automotive-artillery
grease possesses a significantly high-temperature capability. If not available, an
aternative is general purpose wide-temperature range (WTR) aircraft grease.

Qil should be changed about twice as often under desert conditions as under US
or European conditions, not only because grit accumulates in the oil pan, but also
because noncombusted low-octane fuel seeps down the cylinder walls and dilutes
the reservoir. Diluted lubricants cool |ess effeqtivelé,. and evaporate at the higher
temperatures generated during engine operation. Oil changes and [ubrication of
undercarriage points at more frequent intervals will prolong engine and vehicle
life under desert conditions.  Units employed in desert environments should
reevaluate their engine oil requirements and plan accordingly.

Keeping sand out of maintenance areas is critical due to the strong possibility of

sand or dust entering the cylinders or other moving parts when the equipment is

stripped. Ba%gies, cloth, or plastic can be used to protect open or disassembled
components from blowing sand and dust. The same applies for disconnected

water, oil, or other fluid lines. Be sure to cover both ends of the connection if

stored. It is essentia to have screens againgt blowing sand (which also provides

shade for mechanics). The surrounding ground may be soaked in used oil or

covered with rocks to bind it down. Mechanics must keep their tools clean.

Dust and sand can easily cause failure of such items as radio and signal

distribution panels, and circuit breakers, and cause small electrical motors to

burn out. Wheel and flight control bearings may require daily cleaning and
repacking, and engines should be flushed of contaminants daily.

Rotor heads have reduced life, requiring more frequent inspectionsthan in
tgjdperate climates. Pay particular attention to sand-caused wear on rotor heads,
leading edges of rotor blades, and exposed flight controls. Over 200 pounds of
dirt has been known to accumulate in the fuselage area of helicopters operating
in desert conditions.  These areas must be routinely checked and cleaned to
prevent a pound-for-pound reduction in aircraft-lift capability.

Filters must be used when refueling any type of vehicle, and the gap between the
nozzle and the fuel tank filler pipe must be kept covered. It takes comparatively
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little dirt to block afuel line. Fuel filters will require more frequent cleaning and
will need to be checked and replaced often. Engine oil should be changed more
often and ail filters replaced more frequently than in temperate climates.

Compression-ignition engines depend on clean air; therefore, examine and clean

ar cleaners of every type of equipment at frequent intervals. The exact interval

lde%péer&dﬁ on the operating conditions, but as aminimum, should be checked at
aly.

Air compressors are valuable pieces of equipment in the desert. They are
essential for cleaning air filters and removing dust and sand from components.
Intake filters require cleaning daily.

Windblown sand and grit, in addition to heat, will damage electrical wire
insulation over a period of time. All cables that are likely to be damaged should
be protected with tape before insulation becomes worn. Sand will also find its
way into parts of items such as “spaghetti cord” plugs, either preventing
electrical contact or maki ns?] it impossible to join the plugs together. Use a brush,
such as an old toothbrusn, to brush out such items before they are joined.
Electrical tape placed over the ends of spaghetti cords also works.

Radio is the primary means of communications in the desert. It can be employed
effectively in desert climates and terrain to provide the reliable communications
demanded by widely dispersed forces. However, desert terrain provides poor
electrical ground, and a counterpoise (an artificial ground) is needed to improve
the range of certain antennas.

Some receiver-transmitters have ventilating ports and channels that can get
clogged with dust. These must be checked regularly and kept clean to prevent
overheating. Mobile subscriber equipment may require the deployment of
additiona radio access units (RAU) AN/VRC-191. These assemblages are the
primary link for the mobile subscriber radio telephone terminal (MSRT)
AN/VRC-97s which are |ocated down to battalion level. The normal operating
range of the receiver-transmitter used with these radios may only be 10
kilometers in the desert,

Dust and sand adversely affect the performance of weapons. Weapons may jam
or missileslock on launching rails due to sand and dust accumulation. Sand- or
dust-clogged barrels [ead to In-hore detonations. Daily supervised cleaning of
weapons Is essential. Particular attention should be given to magazines which
are often cl o%ged, interrupting the feeding of weapons. Cover missileson
launchers until required for use. To avoid jamming due to the accumulation of
sand, the working parts of weapons must have the absolute minimum amount of
lubrication. It may even be preferable to have them totally dry, as any damage
caused during firing will be less than that produced by the sand/oil abrasive
paste. Paintbrushes are anong the most useful tools to bring to the desert; they
are extremely effective in cleaning weapons and optics.
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Take precautions to prevent exposure of floppy disks and computers to dust or
sand. Covering them in plastic bags is a technique that has worked for several

different units. A number of units have successfully operated PLL computers in

inflatable medical NBC shelters (MIS 1). This technique has obvious drawbacks
since the shelter was not designed for this; however, until a materiel fix is

developed, this sort of innovation may be necessary. Compressed air cans,

locally purchased from computer vendors, will facilitate the cleaning of
keyboards and other components of computer systems.

All optics are affected by blown sand, which gradually degrade their

performance due to small pitting and scratching. It is necessary to guard against
buildup of dust on optics, which may not be apparent until the low light optical

performance has severely deterioraied. It may be advisable to keep optics
covered with some form of cellophane film until operations are about to start,

especidly if the unit isin asandstorm. A cover that has no sand on the underside
should also be used and must be secured so it cannot vibrate against the wind

screen. Both of these measures are equally important to tactical security as sun
reflected from these optics will reveal positions.

Sand and dirt can easily accumulate in hull bottoms of armored vehicles. This
accumulation, combined with condensation or oil, can cause jamming of control

linkages.  Sand accumulation at the air-bleeder valve can inhibit heat from
escaping from the transmission and result in damage to the transmission. Park
tactical wheeled vehicles with the rear facing the wind to keep sand out of the
radiator. Tracked vehicles should park to protect the engine compartment Lgrille
doors away from wind) from the same sort of damage. The operator’s checks
and services increase in importance in this environment.

HUMIDITY

Some deserts are humid. Where thisis the case, humidity plus heat encourages
rust on bare metal and mold in enclosed spaces such as optics. Bare metal
surfaces on eguipment not required for immediate use must be kept clean and
very lightly lubricated.

Items such as optics must be stored in dry conditions; those in use should&kept
where air can circulate around them, and should be purged at frequent intervals.
Aircraft must be washed daily, particularly if thereis sat in the air, using
low-pressure sprays.

TEMPERATURE VARIATIONS

In deserts with relatively high-dew levels and high humidity, overnight

condensation can occur wherever surfaces (such as metal exposed to air) are

cooler than the air temperature. Condensation can affect such items as optics,

fuel lines, and air tanks. Drain fuel lines both at night and in the morning

(whenever necessary). Clean optics and weapons frequently. Weapons, even If
not ubricated, accumulate sand and dirt due to condensation.
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THERMAL BENDING

Weapon systems such as the tank cannon are affected in several ways by the
desert. Oneis thermal bending, which is the uneven heating and cooling of a gun
tube due to ambient temperature changes. Modem tanks, like the MI, have been
designed to compensate for these factors. The muzzle reference system (MRS)
alows the crew to monitor any loss of gun sight rel aIionshiF and to comet for
any error using the MRS update at regular intervals. Ml-series tanks are
equipped with athermal shroud, alowing for more even heating and cooling of
the gun tube. Both factors can ?reatly reduce the accuracy of a tank weapon
system. By boresighting at regular intervals and constant monitoring of the fire
control system, the tank crew can maximize its readiness. “Gun tube droop” can
be countered using the MRS update at |east four timesin a 24-hour period: at
dawn as Eart of stand-to; at noon to compensate for %un tube temperature chang:
before EENT, for TIS reticle confirmation; and at 0100 hours to compensate for
gun tube temperature changes.

OPTICAL PATH BENDING

The apparent illusion of target displacement is commonl¥ called refraction.
Under certain light and environmental conditions, the path of light (line of sight)
maa\/ not appear to travel in astraight line. Refraction may cause problems for
tank crews attempting engcg?anents at ranges beyond 1,500 meters. Figure 1-17
shows an example of optical path bending in the desert. Refraction may occur in

the following conditions:
* Day-Clear sky, flat terrain, winds less than 10 miles per hour.

* Night-Clear sky, flat terrain, winds under 4 miles per hour. NOTE: Any time

The effect of refraction is to make the target appear lower during the day; the heat shimmer is

sight picture, though it appears center of visible massto the gunner, is actualy present,
below the target. This may result in a short round. At night, the effects are the refraction may
opposite and may result in an over round. Crews must not be fooled by what also exist.

api)ears to be agood range from their laser range finder (LRF); the laser beam
will refract with other light rays and still hit the desired target.

The most effective measure available to the crew to minimize refraction is an
elevated firing position. A position at least 10 meters above intervening terrain
will generally negate any effects. If this type of position is not available, a crew
operating under conditions favorable to refraction, and having missed with their
first round, should apply the following:

o : NOTE: C d
 Day—Adjust sight picture up 1/2 target form. See Figures 1-18 and 1-19 ncg need :gv::akz

for examples of day and night refraction, respectively. a correction for

* Night—Adjust sight picture down 1/2 target form. refraction at
. . ranges of less than
Boresight does not correct refraction, but crews must ensure that all 1,500 meters.

prepare-to-fire checks and boresighting procedures are performed correctly.
When a crew is missing targets under these conditions, the cause s refraction
and not crew error or loss of boresight due to improper procedures.
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Source: Atmospheric Science Laboratory
White Sands Missile Range, New Mexico

Ghost
target

N

R
2R S i dh T

Warmer air above desert floor “h,tv Ty
?@WW
Light moves faster

& Optical bending
—Light moves slower
Normal line ot sight

Cooler air near desert floor Actual
target

Conditions: Ranges greater than 1,500 meters,
clear skies (less than 3/8 cloud cover).
Fiat terrain (Continuous 10-meter line above).
Day or night.

Note: If you have heat shimmer, you have optical path
bending. Thermal and daylight sights are approved.

Aiming points: Day (Top of target).
Normal (Center of mass).
Night (Base of target).
Gho
target

- -
CLTIELX -_'r‘.-z._f?"-\- «Li(‘s

Il

TR iﬁﬁ ,

ct
-

Path of light travel

Normal line of sight

Cooler air near desert floor Actual

(Exaggerated view)

z _‘{&’-S "é’ipﬂ:&g,..qu'—,n: ey’

v""‘fhﬁ": r«.":. . 2—'4...; 1. '_:'

-._
n.'

Figure 1-17. Optical path bending in the desert.




FM 90-3

Cooler air above desert fioor Actual
ettt L 3
1

/nght moves slower \ arge

P «— W Yl " Va2 v
L Light moves faster -3 ’ R o

Normal line of sight

Warmer air near desert floor ;,Qi%:‘..-.
Foaebiost gl o r"x::d:,'g, F

6 S ik =%

P S e R 7 6

'%nﬁiﬁﬁwmbs =
Conditions: Ranges greater than 1,500 meters, Ghost
ciear skies {(iess than 3/8 cioud cover),
Flat terrain. target
Figure 1-18. Day refraction.
Ghost
target
=
P lrorls hmiarther guion srb 12, " ot _‘_g .,
2P "'-‘? LEC U:;ﬂ:-ﬁ:-h o
Warmer air above desert tloor - r gfgq.
A P Light moves faster : . fo—
m“_’f R ~— Light moves slower .
5000 '0-0-Q Normal line ot sight .
V-V VLYW =
Cooler air near desert floor Actual

target

Figure 1-19. Night refraction.

STATIC ELECTRICITY

Static electricity is prevalent and poses a danger in the desert. It is caused by
atmospheric conditions coupled with an inahility to ground out due to dryness of
theterrain.  Itisparticularly prevalent with aircraft or vehicles having no
conductor contact with the soil. The difference of electrical potential between
separate materials may cause an electrical discharge between them when contact
is made, and if flammable gases are present, they may explode and cause afire.
Poor ground| ng conditions aggravate the problem. Be sureto tapeall sharp
edges (tips) of antennas to reduce wind-caused static electricity. If you are
operating from afixed position, ensure that equipment is properly grounded.

Establish ametd circuit between fuel tankers and vehicles before and during
refueling. Ensure the fuel tankers and vehicles are grounded (for example, by a
cable and picket or by a crowbar). Grounding of vehicles and equipment should
be accomplished in accordance with appropriate operations manuals.
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Static electricity is aso a hazard with helicory])ter ding loads. Exercise care when
handling and transporting unlike materials that might generate static electricity.
Also turn off al switches, uncouple electrical connectors, and ground vehicle or
aircraft electrically-operated weapon systems before reaming. Static electricity
will also ruin circuit boards and other electronic equipment.

RADIANT LIGHT

Radiant light may be detrimental to plastics, lubricants, pressurized gases, some
chemicals, and infrared tracking and guidance systems. Items like CO2 fire
extinguishers, M13 decontamination and reimpregnating kits, and Stinger
missiles must be kept out of constant direct sunlight. Optics have been known to
discolor under direct sunlight (although thisis unusual), so it is wise to minimize
their exposure to the sun’srays.
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CHAPTER 2

PREPARATIONS
FOR DESERT
OPERATIONS

This chapter describes preparations for deployment and training for operations in
a desert environment. A force sent to a desert theater will fight with the
equipment it has in accordance with current doctrine. While equipment and
doctrine can be modified to suit the new environment, much will depend on how
well soldiers/marines and |eaders have mastered their individual training. Units
that have trained in Germany and the United States will have the basic technical
and tactical skills that can be adapted for desert warfare. Well-trained troops and
|eaders can adapt quickly to the peculiar conditions of the new environment. If
their individual and collective skills have been neglected, no amount of desert
lore will remedy the situation.

CONTENTS
Page
Section|  Factors to be Considered When
Preparing for Desert Operations . . ... .. 2-1
Section Il Individual Training ................. 2-2
Sectionlll UnitTraining . ..................... 2-15

Section |. Factors to be Considered When
Preparing for Desert Operations

When a unit is alerted for operations in a desert environment the commander
must first answer some or all of the following questions.

* Towhat country isthe unit going?
* What are the climatic and terrain conditions of that country?
* Will the unit be taking its own equipment overseas?

* What is the tentative timeline for departure? Will there be a period of
time Whg)re the unit has time for individual training while the vehicles are
intransit?

* What unit equipment is being sent overseas and what items will it require
for modification (including camouflage painting)?

* What special equipment does the unit require for desert operations?

* What specid maintenance is required for weapons and equipment before
deployment to or arrival in adesert environment?

21
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* Are there personnel in the unit who--
- Have desert experience as observers or controllers?
- Have any experience in desert conditions?

* Areall personnel physicaly fit?

* How many soldiersmarines are nondeployable?

« What types of operations are expected?

Once these and other questions have been answered the commander must
develop aprogram to bring hisunit to alevel whereit isfully capable of
successfully operating in harsh desert conditions. To do this, first set alist of
Erlormesfor both individual and unit training. The training prioritieslisted
elow are shown as a guide only. They can be modified as necessary depending
on the state of readiness of the unit when it isfirst alerted for desert employment.

Section 1. Individual Training

In order to fight and survive in desert operations troops must fully understand the
desert environment.  The objective of individual training is to prepare the
individual for operations in a desert environment. This reguires both mental and
physical preparation.

To the extent practicable, troops should be acclimatized before arrival in the area

of operations.  The requirement for acclimatization will vary dightly between

individuals, but thsi cal conditioning (fit soldiersmarines acclimatize more

easily) isa part of the acclimatization process. Acclimatization should take place

in climatic conditions that are similar, or dlightly more strenuous, than those of
the prospective area of operations.

CAMOUFLAGE AND CONCEALMENT

Camouflage and concealment training may be divided into concealment from the
ground and concealment from the air. ~ Particular attention must be paid to
movement, color, shadow, and deception. Units should practice erecting and
disassembling camouflage netting in order to become more efficient.
Well-trained crews can save time and headaches. Camouflage and conceal ment
are equally important for combat service support troops. Appendix E contains
information about desert camouiflage and conceal ment techniques.

DRIVER TRAINING

Because of the absence of established roads in desert areas, driving requires
experience, individual skill, and physical endurance on the part of the vehicle
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operator. Driver training exercises should be long and arduous to expose vehicle
operators to the ri gors of the desert as well as to the effects of fatigue. The need
for dispersing and avoiding preceding vehiclesis stressed when operating over
crusted surfaces or when the trail deteriorates while operating over sand (except
suspected mine areas). Training should be directed toward driver proficiency in
dune areas, choice of the best ground, selection of proper gear ratios, and driver
knowledge and appreciation of the exact capabilities of his vehicle. Driver skill
should be developed in taking maximum advantage of momentum, gear shifting,
estimating and utilizing proper speeds, and avoiding sudden driving or braking
thrusts. Additional driving techniques are contained in Appendix C.

SURVIVAL, EVASION, AND ESCAPE

Convincing a soldier/marine that he is capable of surviving in the desert
environment strengthens his Self-confidence, and thus his morale. FM 21-76
contains details on survival, evasion, and escape in the desert, but the followi ng
points concerning FM 21-76 should be included in desert survival, evasion, an
escape training due to their importance:

« Itisunlikely that wellswill be poisoned. However, some wellsin the
North African desert have such strong concentrations of mineral salts that
ylvlater taken from them may lead to intestinal irritation and subsequent
illness.

» Although water is undoubtedly the most important factor in survival, a
soldier/marine should not discard his personal weapon or any
navigational equipment except in extreme circumstances. Mirrors of any
type should be retained for signaling aircraft or other ground forces.

FIELD TRAINING

Following minimum preliminary training in garrison, desert living can only be
practiced in the field, often as part of unit training. Important aspects that should
be covered include:

o Theeffects of heat, including possible dehydration and salt loss (the need
to maintain the body fluid level).

« Theeffects of temperature variations.
« Theeffects of cold weather in the desert.

« Firstaidfor heat ilinesses. Each soldier/marine should beissued a
memory aid card showing symptoms and immediate treatment.

« Maintenance of morale and the ability of the individual to accept the
challenge of the desert. Self discipline and common sense.

o Environmental effects such asthose of sand, wind, and light.
« Water discipline.
« Hygiene and sanitation.

2-3
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. Cllortr]]et clothing and equipment, including how to wear and maintain
clothing.

* Precautions against snakes, scorpions, insects, and disease-bearing
organisms.

To the extent possible, the commander should train hisunit in terrain and
environmental conditions similar to what he expects to find in the operational
area. It would be both shortsighted and dangerous for example, to allow water
for bathing if the expected operational areaistotally waterless. To further
accustom the troops to hardships, contact with garrison or other urban areas
should be kept to the minimum except for medical or welfare reasons. Once
field training has started, necessary supplies should be brought to field locations
and items that are unlikely to be available in the operational area (commercial
soft drinks and foods) should not be permitted. To gain the maximum value
from this training, the unit's exposure to outside influences should be kept to a
minimum.

ENEMY ORGANIZATIONSAND TACTICS

This can be taught in garrison on sand tables and map maneuvers, followed by

tactical exercises without troops (TINT), and unit exercisesin thefield. If

(fgnerﬁy gquipment isavailable it should be brought to the unit so it can be studied
irsthand.

DESERT NAVIGATION

Troops must be thoroughly briefed on the type of terrain and the general
environment they will encounter, including—

Water sources, if any.

Landmarks or significant permanent terrain features.
Friendly and enemy areas of operation.

Prevailing winds.

« Whether or not the local populaceis pro or con the US.

Thisinformation will assist navigation by reconnaissance units or individuals
who become separated from their units. Although maps are the most obvious
navigation aids, numerous types of equipment and techniques are available to
ass st soldiersmarines during desert operations.

Maps

Althou?h maps used in field traini n%will be those of the local area, sufficient
maps of the operational area should be obtained to allow distribution for study
and possible use during garrison training. This s particularly important if the



operational maps use foreign words to describe terrain, such as sebhka, summan,
hidiba, and dikaka.

In addition, the grid system on some maps differs from the universal transverse
mercator grid system on US maps.  In many Middle East countries that were
previously under British influence, for example, the Palestine grid system is used
on military maps. These maps, generally last surveyed during World War 11 or
the following decade, are widely used, not only in the area of Palestine, but also
in Egypt and much of Saudi Arabia. And since they are commonly produced in
either 1:100,000 or 1:50,000 scale, they do not mesh with standard US maps. In
some instances, accurate maps may not be available. An dternativeisto draw
the grid lines on attached blank sheets of paper. This method can be highly
effective when used in conjunction with navigational aids such as the GPS and
LORAN.

L atitude and Longitude Conversions

One of the ol dest sgstematic methods of location is based upon the geographic
coordinate system. By drawing a set of east-west rings around the globe (parallel
to the equator), and a set of north-south rings crossing the equator at right angles
and converging at the poles, a network of reference linesis formed from which
any point on the earth’s surface can be located. The distance of a point north or
south of the equator is known asiits latitude. The rings around the earth Farallel
to the equator are called paralels of latitude or simply paralels. Lines of |atitude
run east-west but north-south distances are measured between them. A second
set of rings around the globe at right angles to the lines of |atitude and passing
through the poles are known as meridians of longitude or smply meridians. One
meridian is designated as the prime meridian. The prime meridian of the system
we use runs through Greenwich, England, and is known as the Greenwich
meridian. The distance east or west of a prime meridian to apoint isknown as
itslongitude.  Lines of longitude (meridians) run north-south but east-west
distances are measured between them,

Geographic coordinates are expressed in angular measurement. Each circleis
divided into 360 degrees, each degree into 60 minutes and each minute into 60
seconds. At any point on the earth, the ground distance covered by one degree of
longitude is about 111 kilometers (69 miles); one second is equal to about 30
meters (100 feet). The ground distance covered by one degree of longitude at the
equator is also about 111 kilometers, but decreases as one moves north or south,
until it becomes zero at the poles.  For example, one second of longitude
represents about 30 meters at the equator but at the Iatitude of Washington, D. C.,
one second of longitude is approximately 24 meters.

Geographic coordinates appear on al standard military maps, and on some they
may be the only method of locating and referencing the location of a point. The
four lines that enclose the body of the map (neatlines) are lines of |atitude and
longitude. Their values are given in degrees and minutes at each of the four

FM 90-3
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comers. In addition to the latitude and longitude given for the four corners, there
are, at regular intervals along the sides of the map, small tick marks extending
into the the body of the map. Each of these tick marksisidentified by its latitude
and longitude value. Different methods exist for converting longitude/ |atitudes
to the military grid system.  Special equipment such as the global positioning
systems have the capability to convert longitude and latitudes to grid coordinates,
or thismay be accomplished through manual means outlined in FM 21-26. For
Enogg information on map reading and land navigation techniques consult FM
1-26.

Navigation Aids

Plﬁlvigmion aidsvary in sophistication and complexity and may include the
ollowing:

Sun Compasses/Sextants

These systems can be used on moving vehicles and require accurate timekeeping.

Lensatic Compasses

Individual compass error and local deviation must be known before using the
lensatic compass.  The lensatic compass cannot be used with any accuracy on
dense steel vehicles such as tanks. A crew member should dismount to obtain an
azimuth. It is unreliable near large quantities of metal, and can also be affected
by underground mineral deposits. Power lines also adversely affect the lensatic
COMpass.

Gyro Compass

An efficient gun azimuth stabilizer (a gyroscope) used on fairly flat ground is
useful for maintaining direction.

Fires
Planned tracer fire assists in maintaining bearings, and field artillery and mortar

concentrations, preferably smoke (or illumination at night), are useful checks on
estimated |ocations.

Distance Recorders

It is essential to record distance moved, which may be done by using avehicle
odometer.
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Beacons

These are particularly useful for aircraft navigation, but can aso permit the
enemy to locate friendly forces. It maybe necessary to place them in open desert
with unit locations being marked at certain distances and bearings from them.

Radars

Provided the position of aradar isknown, it can measure range and bearings and,
therefore, the position of avehicle.

Aerial Photographs

The advantage of aeria photographs, particularly to aviators, istheir ability to
show up-to-date views of the variationsin color and texture of the desert soil.

Global Postioning Systems

The GPS is a space-based, radio-positioning navigation system that provides
accurate passive position, speed, distance, and bearing of other [ocationsto
suitably equipped users. The system assists the user in performing such missions
as siting, surveying, tactical reconnaissance, artillery forward observing, close air
support, genera na\/|?at|on, maneuver, and ground-based forward air control. It
can be operated in al types of weather, day or night, anywhere in the world; it
may also be used during nuclear, biological, and chemical warfare. It is
Important to remember these types of devices are aids to navigation; therefore,
users should continuously plot their positions. In the event of a GPS failure, you
can revert to more traditional navigation and position determination methods.

Position and Azimuth Determining System

The PADS s ahighly mobile, self-contained, passive, all-weather,
survey-accurate position/navigation instrument used by field artillery and air
defense artillery units for fire support missions. The system provides roil-time,
three-dimensiona coordinates in meters, and a grid azimuth in rails. It also gives
direction and atitude. The PADS can be used by the land navigator to assist in
giving accurate azimuth and distance between locations. A unit requiring
accurate information asto its present location can use PADS to providethis
information.

Position Location Reporting System

The position location reporting system (PLRS)/joint tactical information
distribution system (JTIDS), hybrid (PJH), is a computer-based system. It
provides near rea time, secure data communications, identification, navigation,
position location, and automatic reporting to support the need of commanders for
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information on the location, identification, and movement of friendly forces. The
PLRS is based on synchronized radio transmissions in a network of users
controlled by a master station.  The major elements of a PLRS community
include the airborne, surface vehicular, and man-pack users; the PLRS master
station; and an dternate master station. The system can handle 370 user unitsin
a division-size deployment per master station with a typical location accuracy at
15 meters. The man-pack unit weighs 23 pounds and includes the basic user unit,
user readout, antenna, backpack, and two batteries.

Dead Reckoning

The smplest system of navigation is known as dead reckoning. This is a means
of finding where an individual is located by a continuous plotting of where he
has been. More exactly, dead reckoning consists of recording and plotting a
series of courses, each measured as to the distance and direction horn aknown
point, to provide a plot from which the position can be determined at any time.
In the desert, the direction traveled is determined with a compass and the
distance is measured by counting Eaces or reading the odometer of a vehicle.
Detailed information on navigation by dead reckoning is contained in FM 21-26.

Shadow-Tip Method

This method provides orientation by reading the way the sun casts shadows. To
use the shadow-tip method, find afairly straight stick about 1 meter long and
follow these steps.

» Step 1. Push the stick into the ground at afairly level, brush-free spot
where a distinct shadow will be cast. The stick need not be vertical;
inclining it to obtain a more convenient shadow, in size or direction, does
not impair the accuracy of the shadow-tip method.

* Step 2. Mark the tip of the shadow with a small peg, stick, stone, twig,
your finger, holein the sand, or other means. Wait until the shadow’stip
moves afew inches (if you use al-meter stick, 10 to 15 minutes should
be enough time),

* Step 3. Mark the new position of the shadow’ stip.

* Step 4. Draw a straight line from the first mark to the second mark and
extend it about a foot past the second mark.

« Step 5. Stand with the toe of the left foot at the first mark and the toe of
the right foot past the line you drew.

You are now facing true north. Find other directions by recalling their relation to
north. To mark directions on the ground (to orient others), draw aline at right
anglesto thefirst line, forming a cross and mark the directions.

If you cannot remember which foot to place on the first rock (see step 5),
remember this basic rule for telling east from west: the sun risesin the east and
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setsin the west (but rarely due east or due west). The shadow’s tip moves just
the opposite. Therefore, the first shadow-tip mark is always in the west direction
and the second mark in the east direction, everywhereon earth. Figure 2-1
depicts finding your direction by using the shadow-tip method.

You are
facing north

Figure 2-1. Finding direction using shadow-tip method.
Watch/Sun Method

An ordinary analog watch éwith hands) can be used to determine the approximate
true north in the North and South Temperate Zones. The North Temperate Zone
is north of the equator and the South Temperate Zone is south of the equator.
The temperate zones extend from latitude 23-1/2 degrees to 66-1/2 degreesin
both hemispheres. In the North Temperate Zone only, the hour hand is pointed
toward the sun (see Fijgure 2-2). A north-south line can be found midway
between the hour hand and 12 o' clock. This applies to standard time. For
daylight savings time, the north-south lineis found midway between the hour
hand and 1 o'clock. If there is any doubt as to which end of the line s north,
remember that the sun isin the north, and remember that the sun is in the eastern
part of the sky before noon and in the western part in the afternoon.

The watch may also be used to determine direction in the South TemEerate Zone
(see Figure 2-2). However, it is used a bit differently. Twelve o'clock is pointed
toward the sun, and the north-south line will be halfway between 12 o'clock and
the hour hand. If on daylight savingstime, the north-south line lies midway
between the hour hand and 1 o' clock.

On cloudy days, place astick at the center of the watch and hold it so that the
shadow of the stick falls along the hour hand in the North Temperate Zone. In
the South Temperate Zone, the shadow falls along aline from the center of the
watch through 12 o’ clock. Direction is then determined using the appropriate

technique.
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North tempaerate zone South temperate zone

Figure 2-2. Using a watch to find north.
Celestial Navi