PART ONE  Terrain Evaluation and Verification FM 5-33

Natural Terrain

Chapter 1

SURFACE CONFIGURATION

‘Maneuver commanders must have accurate intelligence on the surface configura-

tion of the terrain. Ravines, embankments, ditches; plowed fields, boulder fields,
and rice-field dikes are typical surface confltrlura jons that Influence military
activities. Elevations, depressions, slope, lanaform type, and surface roughness
aretso,rr;e of the terrain factors that affect movement of troops, equipment, and
material.

_ Landforms .

Landforms are the physical expression of the land surface. The principal ?roups
of landforms are plains or plateaus, hills, and mountains. Within each of these

roups are surface features of a smaller size, such as flat lowlands and valleys.

ach type results from the interaction of earth processes in a region with given
climaté and rock conditions. A complete study of a landform includes determina-
tion of its size, shape, arrangement, surface configuration, and relationship to the
surrounding area.

Relief
Local relief is the difference in elevation between the points in a given area. The
elevations or |rre?ular,|t|es of a land surface are represented on graphics by
contours, hypsometric tints, shading, spot elevations, and hachures.

Slope or Gradient
Slope can be exprressed as the slope ratio or gradient, the angle of slope, or the
percent of slope. The slope ratiq is a fraction it which the verfical distance is the
numerator and the horizontal distance is the denominator. The angle of slope in
degrees is the an?ular difference the inclined surface makes with the horizontal
Blane. The tan?en of the sIoPe angle is determinedly dividing the vertical distance
y the horizontal distance between the highest and lowest elevations of the mcllqeij
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surface. The actual angle is found by using trigonometric tables. The percent of
slope is the number of meters of elevation per 100 meters of horizontal distance.
Slope information that is available to the analyst in degrees or in ratio values may
be converted to percent of slope by using a nomogram.

VEGETATION FEATURES

Plant cover can affect military tactics, decisions, and operations. Perhaps the
most important is concealment. To make reliable evaluations when preparing
vegetation overlays, analysts must collect data on the potential effects of vegetation
on vehicular and foot movement, rover and concealment, observation, airdrops,
and construction materials.

Types
The types of vegetation in an area can give an indication of the climatic conditions,
soil, drainage, and water supply. Terrain analysts are interested in trees, scrubs and
shrubs, grasses, and crops.

On military maps, any perennial vegetation high enough to conceal troops or thick
enough to be a serious obstacle to free passage is classified as woods or brushwood.
Although trees provide (?ood cover and concealment, they can present problems to
movement of armor and wheeled vehicles. Woods also slow down the movement
of dismounted troops. Individual huge trees are seldom so close together that a
tank cannot move between them, but the space between them is often filled by
smaller trees or brush. Closely spaced trees are usually fairly small and can be
pushed over by a tank; however, the resulting pileup of vegetation may stop the
tank. Trees that can stop a wheeled vehicle are usually too closely spaced to bypass.

fThe pill((eup effect from pushing over vegetation is greater for wheeled vehicles than
or tanks.

Trees are classified as either deciduous (broadleaf) or coniferous (evergreen).
With the exception of species growing in tropical areas and a few species existing
intemperate climates, most broadleaf trees lose their leaves in the fall and become
dormant until the earlk spring. Needleleaf trees do not normally lose their leaves
and exhibit only small seasonal changes.

Woodlands or forests are classified according to the dominant local tree type. A
forest is classified as either deciduous or coniferous if it contains at least 60 percent
of that species. Wooded areas that contain less than a 60 percent mixture of either
species are classified as a mixed forest.

Scrubs include a variety of trees that have had their growth stunted because of
soil or climatic conditions. Shrubs comprise the undergrowth in open forests, but
in arid and semiarid areas they are the dominant vegetation. Shrubs normally offer
no serious obstacle to movement and provide good concealment from ground
observation however, they may restrict fields of fire.

For terrain intelligence purposes, grass more than 1 meter high is considered tall.
Grass often improves the trafficability of soils. Very tall grass may provide
concealment for foot troops. Foot movement in savannah ﬂrasslands is slow and
tiring; vehicular movement is easy; and observation from the air is easy.
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Field crops constitute the predominant class of cultivated vegetation. Vine crops
and orchards are common but not widespread, and tree Plantations are found in
relatively few areas. The size of cultivated areas ranges from paddies covering a
quarter of an acre to vast wheat fields extending for thousands of acres.

In a densely populated agricultural area where all arable land is used for the crop
?rodu_cing the highest yield, it may be possible to predict the nature of the soils
rom information about the predominant crop. Rice, for example, requires fine-
textured soils, while other crops generally must have firm, well-drained land. An
area of orchards or plantations usually consists of rows of evenly spaced trees,
showing evidence of planned planting. This can be distinguished on an aerial
Photograph. Usually such an area is free of underbrush and vines. Rice fields are
looded areas surrounded by low dikes or walls.

Some crcéps, such as grain, improve the trafficability of soils, while others, such
as vineyards, present a tangled maze of poles and wires and create definite obstacles
to vehicles and dismounted troops. Wheeled vehicles and some tracked vehicles
are unable to cross flooded paddy fields, although they can negotiate them when
the fields are drained and dry or frozen. Sown crops, such as wheat, barley, oats,
and rye, will have a different impact on movement and concealment than those
crops planted in furrows, because they are on a flat surface.

Photographic Texture

Texture is influenced by several variables, including crown shapes, tree spacing,
and tree height. Texture interpretation as a means of identifying forest type re(iuires
knowledge of the texture often associated with each forest type. This knowledge
is acquired through hands-on experience or the use of vegetation keys. With
hands-on experience working with aerial imagery over along period of time and
through the process of trial and error, an analyst can develop a mental catalog to
relate texture in a given geographic area to a specific forest type.

Vegetation keys have been developed through the same trial and error process
but have been documented and are available in the literature. They can be very
useful in certain instances (see[Chapter 3 for examples). However, one must
remember that background knowledge of the area of interest is essential and most
keys are specific to tree species, geographic area, time of year, film type, and
ﬁhotosca_le. When using color or color infrared film, tone is often referred to as

ue and is represented as shades of the color image.

Photographic Tone

Tone is also very important and is often applied to the problem of forest type
identification. Tone is influenced primarily by stand density, reflectivity, and
location of the tree stand with respect to the photographic center. When using
panchromatic and black and white Infrared film, photographic tone is represented
by shades of gray. For example, in most regions of the world, needle leaf trees will
appear darker in tone than broadleaf trees on panchromatic film ?iven equivalent
stand density. This tone difference is due to higher reflectivity of broadleaf trees
in the region of the electromagnetic spectrum to which the film is sensitive.
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SOIL FEATURES

Since soils vary in their ability to bear weight, their ability to withstand vehicle
passes, and their ease of digging, military planners rely heavily on soil analyses.
Soil type, drainage characteristics, and moisture content affect road construction,
material location, and trafficability determination. The soil factor overlay breaks
down the most probable soil types, characteristics, and distribution.

Describing and classifying soil normally requires exhaustive field sampling and
the expertise of soil scientists. Terrain analysts, however, can produce acceptable
soil factor overlays bf/ examining maps, other factor overlaﬁs, aerial photo?raphs,
lab analyses, boring logs, and literature. The reliability of the resulting soil factor
overlays will vary with the reliability of the sources used and the analyst's ability
to correlate and combine the information correctly.

Determining whether a particular soil will support vehicle passage or the con-
struction of roads and airfields is just a part of the terrain analyst’s job. Since
analysts also provide information on construction materials associated with roads
and airfields, they need a variety of evaluation methods and a good working
knowledge of the physical properties of soil.

Type Determination
For field identification and classification, soils may be grouped into five principal
types: gravel, sand, silt, clay, and organic matter. These types seldom exist
separately but are found in mixtures of various proportions, each contributing its
chﬁractlerist_ics to the mixture. Some soils may gain strength under traffic while
others lose it.

Gravel is angular to rounded, bulky rock particles ranging in size from about 0.6
to 7.6 cm (¥4 to 3 inches) in diameter. It is classified as coarse or fine; well or
poorly graded; and angular, flat, or rounded. Next to solid bedrock, well-graded
and compacted gravel 1s the most stable natural foundation material. Weather has
little or no effect on its trafficability. It offers excellent traction for tracked
vehicles; however, if not mixed with other soil, the loose particles may roll under
pressure, hampering the movement of wheeled vehicles.

Sand consists of rock grains from shut 0.6 cm (% inch) and smaller. It is
classified as coarse, medium, or fing, and is angular or rounded. Well-graded
angular sand is desirable for concrete aggregate and for foundation material. It is
easy to drain and ordinarily not affected by frost action or moisture. Analysts must
be careful, however, to distin%uish between a fine sand and silt. When wet enough
to become compacted or when mixed with clay, sand provides excellent traf-
fixability. Very dry, loose sand is art obstacle to vehicles, particularly on slopes.
Under wet conditions, remoldable sands react to traffic as to fine-gained soils.
They feel somewhat plastic rather than gritty when rolled between the fingers.

Silt consists of natural reek ?rains. It lacks plasticity and possesses little or no
cohesion when dry. Because of silt’s instability, water will cause it to become soft
or to change to a “quick” condition. When dry, silt provides excellent trafficability,
although it is veri dusty. However, it absorbs water quickly and turns to a deep,
soft mud (a quick condition), which is a definite obstacle to movement. When
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g round water or seeﬁa eis r]esent silt exposed to frost action is subject to ice
ccumulation and consequent neaving.

Cla gene all %onsrstsofmr roscopic particles. It? EJIastrcrtYanda hesivengss
grecgartstan rgr ragteglgrtcsom ,oe%r[r] Ind on mrrcrlera om isr onr tICrIJroportron
IMs, clays v
{ arebrrt eor trfrntherrgrndr turo rtrygtate e%otan M?X
nwor entoroug ar dry, ¢ g grovr esa ar surf ace with exce ent
tra rcabrlr how ver r}rs eldomdry éxcept In arid climates. tlabsors ater
ybutta £s a Jong trmeto Z% IS vier strczfn srppgry ? i
wrt acagsurace are dr’rfrcult or rmloas le, and déep ruts form rapidly on leve
ground combination of silt and clay makes a partrcularly poor surface when

Chemrcallyd eposrted and or nrr; sedrments are Iaﬁr ied on the basis of mo?
and souirce of s rmenraﬁoné ddentr rcatrono nic sorkrs reh Z
easy; It contajns partially decayed grass, twigs, leaves, an 50 forth, an
characterrstrc dark brown ) black co or, 4 spongy fed and fibrous texture.

1 ification

The terrain analyst uses the field class rcatron technique to determing if the soil

rs fing or coartse Or it IS remoldable sangt Ueseﬁltln ethenfrresrtttwso fstregs vrverllnreigterlmrng
In, It 1t 15 squeezed and r Wi Ingertips, fine-gral r

sorl%vrall ee 50 eﬂrrf érth ang s?rould oroducearrgbonpor threagd Remo?da%le

sands will el coarser andl more abrasive than a fing-grained matenal,

Unified Soil Classification System (USCS)
The Unr red Soil Claf]srfrcatron System uises a system OF two-Jetier abli reviatjons
to] escribe th esor The primary letter identifies the predominant sol ractron
eseconHar |etter fort er dlescribes the characterratrcs of the predominant soil
fraction. The percent of gravel, sa s provides the information necessary
to choose the primary Ietter SeelFigure 1-]

Physical Tests
Before analysts classify soil, they must make four physical tests: gradation, liquid
limit, plastic Timit, anal"odor test

Gradation, or grain-size distribution o‘asorl IS determrned %asreve analysis.
A sieve anagysrs 5.t esePar tion of soi] infq Its ractrgns It 15 made to determin e
gracation or material retalned on a No. 200 sieve, It Indicates whet erasorl 15 Wl
Or poqrly graded, and it will show the Fercentage Of fings present. The sieve
%ggrggrs rr?a? Iagsroerformed directly on soils that mdy be readily separated from the

Sigves that mrIrtary eng;neers commonly use have suare openrn%s and are
designated as 2 and ¥ Inch sleves, They also use the US standard
nuers nlalr%grszo 40 60 100 and 200 sieves. Seg [Figure I-2 for an example of

Igv

PRIMARY LETTERS
« G-Gravel
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. S
. I\EII SF (Used only with fine-grained soil with 50% tines or greater)
SE.CO(I)\Io Y
W--Well gr d g I%Used o describe sands containing less than 12% fings)

-Poor
. M- S|? Fmes éUsed with sands and gravels containing less than 5% but

_U

@ore than or equal to 50% frees)
L Lox Compressfnhty (Used to describe fine-grained soils (silts, clays,
&g?-hgﬂ Compressibility

As ?n becorﬂes mQre moist, |ttransform fromap snc toahqqutate The
lig wd ||m|Jt1 t||st|e m0|sturetcontentﬁttwh|c asoil ! %JSI be?m lt)? low when
arred sli n conjunction with the plastic limit, i sva £ in pro

| entlffca?mn and classi |ncat|on ofhne6grg| (til sm[n The IquI m|t 1S l?SU Fy

d by perf th Atterberg liquid
0 R Sl ey o A

The (ﬁlasnc limit is the moisture contFnt at which ioheswe 50j| passes from a
semisolid to a plastic state. A soil or soil fraction 1S called plastic If, at some water

WAJOR OIVISIONS UGS TYPICAL NAMES CUASSIFICATION CRIERIA
SYMBOLS) )
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4 3 . sW n’ e e ™™ | & g » é Cuy=D g iDyg Greater than 6 From Grain S7e Distribution Curve}
gs § 23 s ] i 2
Cflge 22 $8;2 |[Cc= D Betwsen 1 and 3
HE Poory gded wid ang iatt wrbm
El8£°:. SP | gravelly sands. ittie or no fines. 25hTe ¥
EiTE FE isgh Hot meeting both enieria for SW
£ B3 oM | Stysad sindemmixtures (G Yo 2 [Ammrberg it piot balow “A-ine on | Aleberg TS pling o
382 plasticity chart and plasticity index <_| -tm-d ] n ﬂes:‘.l
SC | Cliymy sands. sand-cay Aarberg imits piot above A" e on | ,,,..w i "3 o
plasticity ohrt and plasticity index >
inorganic sifts, very fias sands.
ML 1ock flour, silty or layey fine
. e sands Plasticity Chast
H oF b 50 |] For classification cf fine grainsd
H
»n® 0% g ,\sm,wc clays of low w xs(:bandf ine fraction of coarss-
x5 CcL plastictty, grave erberg Uimits plotting in
§§ =23 clays. """Y“"’ siity days, ”rhm-agu T eoriing clas-
o E sifications requiring use of Gusl «4
H Organic its and organic s ] N Adine
g H OL | G0 er ow phastiny ity 1 Lrason of Aine
os index CL L
b 43 inorganic sifts, micaceous or 2
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EEEE ch | nermuic dy!dhghpiu— 10— i
S ks [ LY ™ Be|
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1o k. and other mgh
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*Based on the matedal paising the 34n (75mmi sieve

Figure 1-1. Unified soil classification system criteria
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SIEVE ANALYSIS
Submitted by SFC Oelosier Date perlormed 10 Sep 1962
Descripton of sample  Yeilgw white gravelly sand with a smalt amount of Silt Fines
Test performed by.
Wt origiral sampleioﬂgm ; w—m
Wt after prewashing 3865 gm 3 —
5
Washing foss 135 gm %go’% x 100 = 98 9%
Passing sieve ‘....‘
Sieve Wt of wt. of —————————
Sieve or |Opening | sieve sieve & Wt retained | Weight
screen {mm ) (gm } | sample {gm.Jon sieve {(gm }[in (gm.} |Percent
0 3964 100 4
2" 508 634.1 679.1 45 3919 %89 (8
% 381 598.9 649.9 51 3868 976 g
g 254 5409 8469 106 3762 s49 |©
Yo 191 608.5 707.5 99 3663 92.4
% (No J) 6.35 488 5 13685 898 2765 6938 ;
No 4 476 | 5102 1732 263 2502 sa1 |1
No. 10 200 a76 4 1254.4 778 1724 a5 | ¥
No 40 042 3779 14049 1027 397 176 ‘E
<
No. 60 025 366.7 615.7 249 448 13 &
No 100 | 0149 | 3206 456 6 136 312 79 i}
No. 200 0074 | 3039 4359 132 180 as |}
Wt retained in pan 45 gm Error=Original | 2
Wt - Total Weight |
Washing loss 135 gm of fractions |
Pan tofal 180 gm _Q_%qu‘! E
Total weight of fractions 3964 gm l
"Maximum particle size (measured)
Prepared for use at USAES
Figure 1-2. Sieve analysis example reﬁ?ﬁ%d%tr 46|iov%ll|ln2ﬁ

contept, it can be rolled oyt into thin threads. The moisture content ranges hetween  Sives, sands at Numbers &
asm(I p?es%qmg a1 e Ph c Imis. Te i i ﬁlasuu mde% e 100 s e
plastic the'soil (PI'= LL - PL). The percent of moisture content wae| atwhich  estimation of percentages of
a 1/8 m(P diameter thread begms 0 crumble is expressed as a wholg nUmber when ol categories.

recorde e
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nee practicall allt ratneds ils contain.some clay, most of them wjll
%rbrt ome amu aLtrcr(%rSo plasticity is dn termrhedrh measur| h

erent st tesanastrc oeswthca morsture tent W en a
ng- %rarne S0l 0 Bemdjr{

esan ers ro etwe ats race or
twe gne thymb, and Jore

ngr It 10 msat read 'r(r]t Bastrc
trci reak Intq short lengt orcannot orme or ons. Inthe (fsort

anagsts can examrne thes d eand mrnera comp OSI'[IOHSO coarse grarne

by spreadling a dry sample on a flat surface, se aratrngt 3 1%rv‘ave and frees s much
ﬁ]sf r%sgtrll())lne andestimating the percentages of each. TM 5-530 gives further

Organrc soils of e O L and OH grouPs usually have a distinct odor, which can
be. used to Tld rg Identit hcatron Thra colar 1s especra%a%rent in fresh sample
gtrseqraa% %rre ced when exposed to air, but Can be brought out again byhe tr
WL S

Field Identification
Normall Iaboratory equipment will not be available in the field, but analysts can
estrmate nd ﬁrl)tatrveh classify without tests. Classgrcatrons mage under stricter
conditions will be more accurate. We classity soils by particle size distribution.
Where these soil types occur and the amount of area they cover often determine
the SUétabl ity of an area for mr(!rtar operations. In ge r%neral we prefer coarse-
grained Soils Torconstruction and cross-Country moverments

WeII graded and goorly graded soils can usually be ditinguished bg/ comparing
the sizes. Poorly- Fr ded Soils, however, are more difficult to classity because they
lack one size Rar cle. Principal aids to soil identification and classification are the
shaking test, the dry strength or breaking test, and qully analysis.

Analysts nnerformrng the shakrng test will aIternater shake a wet Fortron of sorl
he f the hand nds ezegetweenthe INgers. A%{ca no anrcsrt
ome ver show ree water to disappear from s tsorl causet sample

to strtfnandcumbl under increasing finger pressyre. I{Zthe tereontent IS st
S et A ST e

disappear at rralprd slu %rsh slo or oreactrons eed Aratl)rdr étetron 0 this
testr rea 0r 3 honpfastic, uniform rne sand, | %anrcs atomaceous
g ag- ae eartsA] shAactronrndrc tessr astrcrnor%ar\1

nic srts or Ver styc nextremeysowo noractron 0t akrnﬂ
test s P( h (i got above the’ A-ling on the plasticity chart as we
s for Iypastre or anre d

The dry strength test readily distinguishes between plastic clays and nonplastic
srlts? rYnesan%ts An fstsrgerto gh g i h t/ tes onq?ona

h tﬁ Iy siren R gak q

smal portrono soll, a out f-Inch thic andl/zr ches in rame er, that passes
the Number 4 éreve eeyreparetl v\)(mor &ortronow lastic soil
Ito the size an ha sr allo T oven) qry.
samPerstoroughy t(theywr attemptto reak eso Il using their hum sand

fore ?ers If 1t Breaks, they will try to 80w er it yrubbrng the particles together.
Typical reactions obtained In this test for various types of Soil are-
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« Very highly plastic soil, or very high dry strength. Samples cannot be
broken or powdered by finger pressure.

« Highly plastic soil, or high dry strength. Samples will break with great
effort, but they cannot be powdered.

« Medium plastic soil, or medium dry strength. Samples will break and
powder with some effort.

« Slightly plastic soil, or low dry strength. Samples will break and powder

easlly.
« Nonplastic soil, or very little or no dry strength. Samples crumble and
powder on being picked up.

Gullies, sometimes called head water channels, result from erosion caused by
water runoff. They develop in places where water cannot easily filter into the
ground; therefore, it collects and flows in rivulets across the land surface. Gully
analysis can be of great assistance in determining soil tyF;])es, since these rivulets
often take the shape peculiar to the material over which they flow. Since fine-
grained silts and clays are relatively impervious soils, many gullies develop on their
surfaces. Sands and gravels are rather permeable, and few or no gullies form.

Other factors that govern the extent of gully formation in an area are climate,
vegetation, ground slope, end gradient of individual gullies. Gradient is more
important than intensity, or number, of gullies in revealing soil conditions. The
types of gullies that may be formed in various soil types are--

« Gullies in clay. They have a long, uniform, gentle gradient and are
smoothly rounded. Clay soils are impervious and cohesive and often have
a well-developed gully system.

« Gullies in silt (primarily loess). They take the form of a U and have steep
sides and generally flat bottoms. The gradient is steep at the head of the

ully but becomes more gentle a short distance away.

» Gullies in sand-clay. They are similar to gullies in silts but are more
U-shaped, with a rounded rather than flat bottom. The gradient is nearly
vertical at the head of the gully but levels off rapidly to a very gentle
slope.

« Gullies in gravel, sand, or well-graded mixtures with some clays. They
are usually well-defined, short, straight notches (ditches). The cross sec-
tion is a sharp V with a uniform gradient. The steeper gradients are as-
sociated with the coarser materials. See Eigure 1-3

WATER FEATURES

Safe water, in sufficient amounts, is strategically and tactically important to Army
operations. Water that is not properly treated can spread diseases. The control of
and access to water is critical for drinking, sanitation, construction, vehicle opera-
tion, and other military operations. Military planners are concerned with areas with
the hi[ghest possibilities for locating usable ground water. They must consider all
feasible sources and methods for developing sources when making plans for water
supply. Quantity and quality are important considerations. Terrain analysts can
use the methods and systems available to locate both surface and subsurface water
resources.
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Materlals Croes Sections
Cohesive Moderately Cohesive
Clays and sifty clays. (Usually Siit. (Primarily loess and /
found in lake beds, marine aliuvial silt deposits. Also
terraces and clay-shale areas.) fine volcanic ash fails.)
N\
\ %
Weathered soil profile with some clay.
Moderately Cohesive Noncohesive
Weakly cemented sand clays. Granular materials. (Often \\\
(Occur in coastal plains and found in terraces and out- \ //
many bedrock areas.) A wash plains.) \ /
Loose soil or rotten rock. )

Figure 1-3. Gully profiles

, _ (%uantity o ,
Water quan_t|t¥ depends on the climate of the area. Plains, hills, and vegetation
are good indicators of water sources.

Large springs are the best squrces of water in karstic plains and plateaus. Wells
may producé large amounts if they tap underground streams. Shallow wells in
low-lying lava plains normally [Jroduce Iarqe quantities of ground water, In lava
uplands, water is more difficult to find, wells are harder to develop, and careful
prospecting Is necessary o obtain adequate supplies. In wells near the seacoast,
excessive withdrawal of freshwater may lower the water table, allowing infiltration

of saltwater that ruins the well and thé surrounding aquifer.

S?nngs and wells near the base of volcanic cones may yield fair quantities of
water, but elsewhere in volcanic cones the qround water iS't0o far below the surface
for anI_mg to be practicable. Plains and plateaus in arid climates Penerall?/ Y|eld
small, highly mineralized quantities of ground water. In semiarid climates, follow-
mgi a severe drought, an apgarently dry streambed frequently may yield consider-
able amounts of excellent subsurface water. Ground water 1S abundant in the plains
of humid tropical regmns, but 1t 15 usually polluted. In arctic and Subarctic ﬁlams,
wells and springs fed by ground water abiove, the permafrost are dependable only
in summer; some of the Sources freeze in winter, and subterranean channels and
outlets may shift in location. Wells that penetrate aquifers within or below the
permafrost are good sources of perennial Supply.

Adequate supplies of ground water are hard to obtain in hills and mountains

comf)osed of gneiss, qramte and granite-like rocks. They may contain springs and
shallow wells'that will yield water in small amounts.
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Tree species can also indicate local ground water table presence. Deciduous trees
tend to have far-reaching root systems indicating a water table close to the ground
surface. Coniferous trees tend to have deep root systems, which depict the ground
water table as being farther away from the ground surface. In desert environments,
vegetation is scant and specialized to withstand the stress of desert life. Vegetation
type is dependent on the water table of that location. Palm trees indicate water
within 2 or 3 feet, salt grass indicates water within 6 feet, and cottonwood and
willow bees indicate water within 10 to 12 feet. The common sage, greasewood,
and cactus do not indicate water levels.

Quialit
Quality will vary according to the source and the season, the kind and amount of
bacteria, and the presence of dissolved matter or sediment. Color, turbidity, odor,
taste, mineral content, and contamination determine the quality of water. Brackish
water is found in many regions throughout the world but most trequently along sea
coasts or as ground water in arid or semiarid climates.

Contamination

Potable water is free from disease-causinf; organisms and excessive amounts of
mineral and organic matter, toxic chemicals, and radioactivity. Althou?h surface
water is ordinarily more contaminated than other sources, it is commonly selected
for use in the field because it is more accessible in the quantity required. Ground
water is usually less contaminated than surface water and is, therefore, a more
desirable water source. However, the use of ground water by combat units is
usually limited unless existing wells are available. Rain, melted snow, or melted
ice may be used in special instances where neither surface nor ground water is
available. Water from these sources must be disinfected before drinking.

Pollution
Water may be contaminated but not polluted. Streams in inhabited regions are
commonly polluted, with the sediment greatest during flood stages. Streams fed
by lakes and springs with a uniform flow are usuallf/ clear and vary less in quality
than do those fed mainlhl by surface runoff. Generally, the quality of water in large
lakes is excellent, with the purity increasing with the distance from the shore. Very
shallow lakes and small ponds are usually polluted.

Porosity and Permeability

The water-bearing capability of a natural material is determined by porosity and
permeability. The amount of porosity depends on the number of open spaces in
the material. The permeability of rock is its capacity for transmitting a fluid. Rock
types vary greatly in size, number, arrangement of pore spaces, and ability to
contain and yield water. The amount of permeability depends on the degree of
porosity, the size and shape of the interconnections between the pores, and the
extent of the pore system. The geometric shapes of gullies can help identify the
degree of permeability and porosity.
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Drainage
Surface
Most military problems involving surface water arise because stream drainage

conditions vary not only from place to place but seasonally as well. Military
planners are concerned with the flow and channel characteristics of surface waters
and their effect on military operations. The water constitutes obstacles to cross-
country movement or, when sufficiently frozen, it may provide movement. They
also determine the types of equipment to be used in an area.

Drainage data on all of the surface water features is significant to any aspect of
military operations. Commanders must know the width and depth of streams and
canals; the velocity and discharge of streams; which areas are subject to flooding,
or are permanently wet, densely ditched, or canalized; the location of dams; and
any other drainage feature that may be significant.

~Although surface drainage is considered a standard product, subsurface drainage
is not. Potential ground water indicators include the following:

Crop irrigation

Karst topography

Snowmelt patterns

Wetlands

Vegetation

Springs

Soil moisture

Surface water

Wells/Qanats

Built-up areas (local municipalities and populus)

Surface water resources are generally more accessible and adequate in plains and
plateaus than in mountains. Large amounts of good (iuality water can normally be
obtained in coastal areas, valleys, or alluvial and glacial plains. Although large
quantities are available in delta plains, the water may be brackish or salty. Water
supplies are scarce on lacustrine, loess, volcanic, and Karst plains. In the plains of
arid regions, water usually cannot be obtained in quantities required by a modem
army; much that is available is highly mineralized. In the plains and plateaus of
humid tropical regions, surface water is abundant but is ?enerally polluted and
requires treatment. Perennial surface water supFIies are difficult to obtain in arctic
regions; in summer it is abundant but often polluted.

Subsurface

Ground water, or subsurface drainage, is obtained without difficulty from uncon-
solidated or poorly consolidated materials in alluvial valleys and plains, streams
and coastal terraces, ((]ﬂacial outwash plains, and alluvial basins in mountainous
regions. Areas of sedimentary and permeable igneous rocks may have fair to
excellent aquifers, although they do not usuallf/ provide as much ground water as
areas composed of unconsolidated materials. Large amounts of good-quality
ground water may be obtained at shallow depths from the alluvial plains of valleys
and coasts and in somewhat greater depths in their terraces. Aquifers underlying
the surface of inland sedimentary Plains and basins also provide adequate amounts
of water. Abundant quantities or good-quality water generally can be obtained
from shallow to deep wells in glacial plains. In loess plains and plateaus, small
1-12
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amounts of water may be secured from shallow wells, but these supplies are apt to
fluctuate seasonally. Well water is usually clear and low in organic impurity but
may be high in dissolved mineral content.

Patterns
The pattern of stream erosion usually gives an indication of rock structure and
composition and an indication of whether the region is underlined by one or several
rock types. The pattern can be dendritic, trellis, radial, annular, parallel, or
rectangular.

The dendritic drainage pattern is a tree-like pattern composed of branchin
tributaries to a main stream, characteristic of essentially flat-lying an
homogeneous rocks. This pattern implies that the area was originally flat and is
composed of reIativeIK uniform materials. Dendritic drainage is also typical of
1glamal till, tidal marshes, and localized areas in sandy coastal plains. The dif-
erence in texture or density of a dendritic pattern may help identify surface
materials and organic areas.

In a trellis pattern, the mainstream runs parallel, and small streams flow and join
at right angles. This pattern is found in areas where sedimentary or metamorphic
rocks have been folded.

In a radial pattern, streams flow outward from a high central area. This pattern
is found on domes, volcanic cones, and round hills. However, the sides of a dome
or volcano might have a radial drainage system while the pattern inside a volcanic
cone might be centripetal, converging toward the center of the depression.

The annular pattern is a modified form of the radial drainage system, found where
sedimentary rocks are upturned by a dome structure. In this pattern, streams circle
around a high central area. The granitic dome drainage channels may follow a
circular path around the base of the dome when it is surrounded by tilted beds.

In the parallel pattern, major streams flow side by side in the direction of the
regional slope. Parallel streams are indicative of gently dipping beds or uniformly
sloping topography. The greater the slope, the more nearly parallel the drainage
and the straighter the flow. Local areas of lava flows often have parallel drainage,
even though the regional pattern may be radial. Alluvial fans may also exhibit
parallel drainage, but the pattern may be locally influenced by faults or jointing.
Coastal plains, because of their slope toward the sea, develop parallel drainage
overboard regions.

The rectangular drainage pattern is a specific type of angular drainage and is
usually a minor pattern associated with a major type such as dendritic. This pattern
is characterized by abrupt bends in streams and develops where a tree-like drainage
pattern prevails over a broad region. It is caused by faulting or jointing and Is
generally associated with massive igneous rock. Metamorphic rock surfaces,
particularly those comprised of schist and slate, commonly have rectangular
drainage. Slate possesses a particularly finely textured system. Its drainage pattern
IS exﬁr?mely angular and has easily recognizable short gullies that are locally
parallel.
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Figure 1-4. Typical drainage patterns

Densit
A determination of the density of the draina)g/e pattern, or the number of streams
in a precise area, is very beneficial. The nature of the drainage pattern in an area
will provide a strong indicator of the particle size of the soils that have developed.

Surface sediments have good internal drainage. Sandstone, for example, due to
its porosity and permeability, has good internal drainage. Water can usually
Bercolate_ down through the soil and underlying reck, and the surface runoff will

eat a minimum. The texture or density of the drainage pattern that develops on
sandstone will be coarse.

A porous reek is not necessarily permeable. Clay, for example, contains up to 90
percent water arid is very porous but is not permeable because of the nature of its

flat-lying particles.

Sands and gravels are usually both porous and permeable, depending on sorting.
When precipitation occurs, some of the water can percolate down through the

sediment.

Shale is a relatively impermeable reek and has poor internal drainage. Surface
runoff will be at a maximum, and erosion will often be intense. The texture or
g_ensnylo}‘1 the drainage pattern that develops on shale will be fine-textured. See

igure 1-4.

1-14



PART ONE  Terrain Evaluation and Verification FM 5-33

OBSTACLES

Classification

An obstacle is any natural or man-made terrain feature that slows, diverts, or
stops the movement of personnel or vehicles. Obstacles are classified as natural,
such as escarpments, or man-made, such as built-up areas and cemeteries. They
are further categorized as existin?-present natural or as man-made terrain features
that will limit mobility or as reintorced-existing features that man has enhanced to
use as obstacles, such as gentle slopes reinforced by tank ditches, pikes, or
revetments that limit mobility of maneuver units.

For classification purposes, obstacles must beat least 1.5 meters high and 250
meters long and have a slope greater than 45 percent (that which military vehicles
are unable to travel). Obstacles that will be delineated should be in areas where
they are of primary importance for the diversion of crosscountry movement.
Obstacles include escarpments, embankments, road cuts and fills, depressions,
fences, walls, hedgerows, and moats.

An obstacle factor overlay portrays linear terrain features that form natural
obstacles not normally identifiable on a topographic map. Obstacles located in
areas of dense forest, on steep slopes (greater than 45 Bercent), or within the gap
width of streams normally will not be shown on the obstacle overlay. Hydrologic
obstacles such as drainage ditches, channelized streams, and water banks are shown
on the surface drainage overlay.

Identification

Escarpments are terrain features similar to cliffs and ridges and appear on aerial
photographs as sharp breaks in the slope separating near level or gently sloping
surfaces. They are hazardous to both troop and vehicle movement due to the sharp
drop in the land typical of cliffs and ridges. Embankments are artificial structures,
usually of earth or ?ravel, constructed above natural ground surfaces such as dikes,
levees, and seawalls. Escarpments and embankments are tactically significant
because explosive devices can make the road, railroad, or cross-country route
impassable and because they can be used as channelization factors. This is
especially true if the bypass capability is restrictive to the state of the ground.

Railroad and road cuts and falls restrict military movement. Cuts are thorough-
fares or passages constructed through high areas. Fills are surfaces that have been
built up or raised to bring a low area up to the same level as the surrounding surfaces.

Depressions are low points or sinkholes surrounded by higher ground. Thgy
usually have slopes equal to or greater than 45 percent, which will imFe e
movement across the terrain. Pits, quarries, and sinkholes are typical examples of
depressions.

Man-made features include fences or walls, hedgerows, and moats. Fences and
walls are usually constructed to separate or restrict crossings from one plot of land
to another. Hedgerows are tree-type barriers that can be identified by looking for
closely spaced rows of trees or bushes planted on a mound. They are so dense that
they restrict vehicle movement.
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European vineyards offer an excellent example of obstacles, due to the wet state
of the ground and the wire used to support crop growth. Combined with the existing
terrain, vineyards cause extreme difficulty in cross-country mobility.

Finally, moats are landforms that appear on photos as wide trenches or ditches
which usually surround a structure or prominent feature and are inaccessible to
vehicles. Moats are generally restricted to the British or European areas.
Preliminary identification can be made by referring to the map legend on a
topographic map.
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