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SUMMARY

The total environmental aspects of Ground Effect
Machines (GEMs) operated on a world-wide basis are examined
in detail. The "natural" environment describing terrain,
beaches, sea states and climate; the "induced" environment
covering noise, spray and vibration; and the "combat"
environment including vulnerability, infrared emanatlon and
radar reflectivity are investigated sufficliently to de-
termine thelr influence on the besic design requirements

and operatlonal parameters of the over-all GEM system,

Within the framewo.k of the .atural environmental
elements a classificatlon of GEMs is developed. This
classification covers marine, overland, and amphiblous GEM
operations. In each of these categorles vehicle slzes and

operating helghts and areas of utllizatlon are included.

For all classcs of (GEMs the speciiic effacts of the
induced and combat environmenis are discusced. Finally,
typlcal performance capabllities and equipment requirements
based on the total operating environmunt are developed for

each class or GEMs.




1,

CONCLUSIONS

The elements of natural environment most significant

for marine GEM operationc are wave helghts, sea ice, and

wind speeds,

2.,

(a) GEM operations will generally be most favor-
able in latitudes below 30°, They will probably
he operable from 90 to 100 per cent of the time

in this reglon.

(b) GEM operations in oceanic areas in latitudes
apove 40° will be severely limited, and in some
parts rendered impossible brcause of the preva-
lence of gale-force winds and high seas. In ad-
éition, superstructure icing or hummocked seé

ice will have a significant influence on operations

in some areas durlng the winter.

The elements of natural environment most signifi-

cant for overland GEM operations are slopes of the

surface terrain, widths and bank conditlous of stream

valleys, and heighta of 801id terrain otsteslas,

(a) GEMs will have a signiticaant advan‘age over
other ground vehicles becaus. =~ *“elr capability

to utllize stream vallsvs and inland waterwuys

-02-




as access routes, Venlcle wldths, howevzr, will be
limited to 30 fect Tor operation wa 75 per cent of

the world's streams.

(b) A continuous operating height of two feet will
be needed for general overland operations, and a
minimum jump capability of four feet will be needed

to cross walls, dilkes, and rall embankments,

(c) Capability to surmount a five-foot vertical
bank will be needed for access to and from stream

valleys.

(a) A slope capabllity of 30 per «ont ai iow speed,
and 15 per cent at riormal speed, will be needed for

most overland operations.

(e) Operating speeds will be limited to about 30 to
4O kmots on rivers because of control power require-

ments to traverse bends,

(f) Cross-country speeds will be limited by ob-
stacles, Further study is reqQuired ii. .hilsz arne,

(g) About 50 per cent of the over-all land area of
the world is availablie for overland operations,

The best area usabllity for a siven size vehicls
based on the preagent state-~of-tu. . . 1s about 35

per cent of the world la.:* area.
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Ths elements of naturygl environment most significant
{or amphibloug GEM c¢pcratlions are surf conditions,
characteristics of beaches and coastal stream valleys.

and coastal terresin orstrictions,

(a) Operating heights will be determined primarily
by the requirement to traverse the surf zone,

Work don¢ tc date indlicates that an cperating height
of four feet will allow operation on a year-round
tasis on 7O per cent of the world's coasts (storm
conditions not included). Full-scale experimental
data are needed Lo justify final design parameters,

(b) Operating heights for clearance of land ob-
stacles will be two feet for ncrmal operations

with a four-foot jump capebility.

(¢) Slopes of beaches aré not generally over 15

per cent, bnt beach widtha limit lateral dimenaions
¢l the vehicle to adbout 50 feet for unloading above
the high water line on the majority of the world's

besches,

(4) Coastal stresm valleys provice an important
inland access route for GEMs. Vehicle widths will
be iimited to 80 feet for operation on 70 per ~cat

or coastal streams.




(e) About 7O per cent of the world's coastline,
excluding Antarctica, Greenland, and che Morth
American Arctic Islands above 77° North Latitude,
iz accessible to GEM ampr..bious operations, About
30 per cent of Lhe world's near-coastal land areas
are accessible to GEM operations inland via stream
valleys or over the beach., About 30 per cent of
the world's ccusts are not suitable for GEM op-

e¢rations,

4, The major limitations imposed on GEM operations by
the induced environments and combat environments are as

followa:
(a) Noise Levels

(1) The noise level anticipated in and around
the GEM is auch that conversation will require
raised voices and probably shouting. Por con-
tinuous and effective operation, ear protec-
tion and comemunications ecuipment similar t.
Wat used in airceraft operations will de
i1ighly tesiradle,

(2) The noise level at appreciables distances
from a OEM will depend largely on the design
0of the vehicls intake and exl.sus. systems.




(b)

(c)

If the low frequency portion of the noise
spectrum can be aitenuated av the vehicle,
detection will be difficult beyond 1000 yards,
If this 18 not fe .aible, detection will probably
start at about 2500 yards,

Visibility

(1) The visibllity from a GEM will be severely
limited when the vehicle is hovering or operating
at low speed over loose surfaces, such as sand,
gravel, dry soil, snow, and water. This situa-
tion improves rapidly as forward speed is in-
creased, although visibility rearwards may still

be a problem,

(2) The cloud of particles surrounding a GEM
at hover or low speed, or talling a GEN at high
spead, may serve as a very distinct signature of
its oresence.

Re tion of the Momen t Air, and
S )

The mosentum ocurtain air dis:liarged under the
vehilcle periphery recairculatas to some degree
in the hover condition and at low spewds,

This recircuiating air stroam ...ories with 1t
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particles of surface materials, that pass
through the lirt system and .he power unit,
with the following consequences:

(1) Erosion of the engine and 1ift system
rotors and stators may occur, Erosion 1ia
worst for sand-type materials. Power losses
of approximately 15 per cent have beemn ex-
perienced on helicopters and can be anticl-~
pated on GEMs,

(2) Corrosion of the engines and 1lift systca
and the vehicle surface will occur in all
over-water operations. This is most serious
in a salt-waler environment, Salt encrusta-
tion of rotor and stator blading of the engine
and lift systems will cause loss in power of
up to 20 per cent and increase \n fuel consump-
tion of approximately 1.5 per cent,

(3) Snow and 1ce will accumulate on the vehi~le
year-round in Arctic and Antarctic operations
and in the winter monthe in the northern two-
thirds of Asis, Burope, and Nortr Amsrica.

This scoumilation causes & 1038 of venicle
performance, ‘When sul ." ~~7ing alr tempe.a-
tures are encounterad, the mist enshiouding




o~

the mechine wlll freeze on contact, forming a

aeavy load of glaze 1ce,

(4) The recirculation and general distur-
bance of surface material will make servicing
of the vehicle difficult while it is in opera-
tion. and will require protective clothing snd
equirment for ground personnel under some

operational conditions,

5. On the basis of performance capadllity and utility,
as determined by the world-wide natural environmental
factors, and vulnerability in a military combat situation,
& rough assessment of the relative merit of each machine
classified for overland, amphibious and marine operations

indicates the following results:

(a) The GEM having the greatest potential for over-
land operations 1s a vehicle with g planform of 30
feet by 60 feut, an operating height of iLiree feet,
and a Jump capability of six feet,

(b) The GEM having the greatest pciential for

i-phibtous operations 1s 2 vehicle with a plan~
form of 50 feet by 100 feet, a normal operating
height of three feet, a maximum operating height
of five feet, and a Jjump capad... . °f evix feet,




(¢) The GEM having the greatest potential for
marine operations iu the open oceénn 1s a vehicle
with a planform of 50 feet by 100 feet, a normal
operating helght of 2 5 feet and a maxim'm operating
height of four feet.

(d) The OEM having the greatest potential for
marine cperations in inland waterways und coastal
waters is a vehicle having a planfurm of 30 feet
by 60 feet, & normal cperating height of 1,5 feet,
and a maximum operating height of 2,5 feet,

6. Special equipment will be required for each environ-
ment in order that missions may be accompllzhed sfficiently,
and maintenance be reduced to a minimm, Such equipment
must be determined for the particular environmental condi-
tions of the desired missions for a specific vehicle, and
will demand additional power requirements or a reduction

in over-all performance.




RECUMMSNDATIONS

1. The environmental framework for Ground Sffect
Machines developed in this study should be applied to
all future studies and programs on military GEM hard-

ware,

2. PFull scale tests should be conducted on GEM op-
erations through the surfl zone., Specific data are
neededi on the required r2lation between surf condi-

tione s&nd vehicle alze and operating height,

3. Experimental data should be obtained on the maneu-
veravility requireme.ts for GEMs in overland cross-
country operations. In addition, studiss of GEM maneu-

verability system improvements shculd bde initiated.

4, Further (tudy is recommendad in the following areas
asso~iataed with tha induced and combat anvironments of

OEMs:

(a) Noise
Data are required on tha frequancy spectrum

of 0K nuise and the effect of different operating

conditions and anvironments on tha rolase level,

(v) Plow Pield
Purther study of the OEM flow [ield is re-

quired, particulsrly .7 the relationghip between

-10-
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th: oroblems of reingzstion, visibility, ah&‘a:g_m-
ture, and GEM misaion_:naracteiisttés. In addition,
dsvelopment of gdvancti 14f systems arnd other de-
vl :es for reducing the 2ffects of the GBM flow Neld
should be studied. ‘

(¢) Dynamic Loads

Accurate and reliable analytical data should
be developed for the dynamis streseing of GEMs,

particularly in over-water operations.

(8) izing
Spacific envirormental data on GEM icing prob-

lems should be obteined, and deveiopment of suit-

able de-icing equipment should be initiated.

() Corrosion and Erosion

Methods and materials for reducing corrosion
and eroslon in GEM powecr plants and 1lift systems

should be dsveloped,

(f) Navigation Equipment

Navigation equipment particuiarly sulted to
0EMs sho :4 be developed., This includes a col-
lision warning or obstacle avoldance radar, aad

simyle couras guldance presentatlon.




e,

{g) Kader Crcsa-Section

Basic deslgn crii<ria should bte developed
for minimizing the radar cross-section of
military GEMs, particr.arly for over-water op-

eration.

5. Optimization of vehiclie performance and design
should be carxrled out within the environmental frame-
work developed for eath category of operations - over-

land. amphiblous, and marine.

«l2~
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INTRODU:TION

The significant developmants of {he past few years
relative to the ground effect phenomenon have established
the Ground Effect Machine (GEM) as a practical transporta-
tion vehlcle when certair operétional limitations are
acceptea. It is the purpose of this report to outline the
various operational limitations for military GEMs and to
present features considered essential in military

applications.

Since military vehicles and thelr components are re-
quired to operate throughout a wide range of environments,
their design must prevent functicnal, operational,-and
maintenance difficultles caused Ly extremes of these
environments. In world-wide operation of GEMs these
vehlicles are subjected to the following three types of

environment:

(1) Natural environment, such as climate, tcrrain,
' vegetation, sea states, beach slopes and con-
dition, sea approaches o coasts, and natural

and man-made obstacles.

(2) Induced environment, such ar component-

. generated high temperetures, static electrinity,
vibration, shock, mcceleration, explosive vapors,
sound, dust, spray, and exhaust gases.

-13-
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(2) Combat environment, including the elements of

detection, vulnerability, protvection against

damage, and field repairs.

Determination of the influence of environmental con-
ditions on the englneering design and military utilization
of GEMs 1s a necessary first step in the determination of
structural and other essential design oriteria. An

eveluation of environment is also essentlal to a realistic

appraisal of the potential of the GEM for military operations,

The natural environment of the GEM includa2s gll the

areas and conditions under which this type of vehicle is
required to be operated. This wlll encompass not only the
world-wilde variety of terrains, but aiso the full scale of
climate variatlons, including the specifilc iInfluences cf

temperature, humidity, wiud, and icing conditions.

Average sea-state conditions vary with the seasons and
locatiorn. For cbvious reasons, designs for military
applications must consider the worse conditions anticipated.
Depending on the curirent and ocean arse involved, sea
conditions usually affect breakers and beaching operat:ions
in direct proportion, and indicate parameter: which must
be considered in the design of marine and amphibious

vehicles,

-.1“-




Overland operating environment includes the nature
of the terrain and its surtace material -- ranging from
snow, sand, and marsh to brush areas, ditches and ravines,
and built-up areas. An impc.tant consideration for military
operations 18 the terrain slope which has a direct influence
on the power requirements. For some cases, consideration
must be gilven to means of quickly clearing wooded areas
and other terrains which offer obstructions to GEM

operations.

Climatic influences have a strong effect on GEM
vehicles. The effects of temperature and humidity on the
internal flow syatem and power plant must be known. In the
presence of winds, provision must be made for adequate

contrcl of power to maintain the desired track.

The induced environment of the GEM 1s the effect

created by the operation of the vehicle, on itself and on
the surrounding area, including personnel within or close
to the vehlcle. Two of the more prominent problem areas |
under this heading are the total effects of the downwash

disturbance field and nolise levels and arvenmation..

Further analysis of the downwash discurcence probleﬁ
ls vital to the development of an operational military
GEM. This problem mssumes critic-' wnroporcions for .ow-
Bpee. ana hovering operation, where the vehicle:s are

enveloped in dust or spray. One manifestation of the

“15~
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downwash. dlsturbance is potential re-ingestion into the
1lift/propulsion system, reducing the efficlency of the

system and leading to componert damage. At low speeds the

downwash disturbance will siraificantly reduce the visibility

of the driver. Undur these circumstances, the GEM must be
operated with considerable caution, or by reference to

instruments 1f the dust or spray is not controlled.

The noise generated by the military GEM may have
adverse effects on personnel inside the vehicle and in
proxirity to the vehicle during hover and cruise flight.
Noise may also contribute to operator fatigue, early
structural fatigue and malfunction of electronic equipment.
The noise spectruw of the GEM vehicle must be ascertulned
and compared with military specifications for ancceptable
nolise levels in order to determine areas where suppression
is required, or where operating limitations must be

imposed.

The combat environment envisioned for the GEM 1s

similar to that for most other combat vehicles. Two im-
portant problems of this environment are avoilance of
detection and protection against eacmy fire. The sup~
pression of noise and infrared emanation assumes a great
importance in the comhat environment. Radar detectic-,
is n~t a major problem since the vehicie .. operated

close to the surface.

«16~




The vulnerabliity of the GEM to damage by enemy fire
must also be snalyzed, part.cuilarly the efrect of damage
to the 1lift system; in this case, a requirement for armor
plating or use of self sealin’ compunents in certain areas

of the vehicle might be a consideration.

Associated with the combat envirunment is the require-
ment for development of maintenance concepts for this
vehicle. Particularly, consideration must pe given to
field repalr of damage to the 1lift system. A simplified
"pater kit"™ may be found suitable for this kind of work.
Fnssinhly, provision can he made for closing a damaged
section and mainiaining cperation with an incompiete jet
"curtain.” There 18 also an obvious problem in lifting
the weignt ol the vehlcle to work on the underside

components,

The purpose of this report, therefore, is to present
tae total environmental picture surrounding the Ground
Effect Machina operated on a world-wide basis and to
slassify a range of vehicles with operational capablilities

in these environments.

The report 1s assembled in four ohapters, with three
detalled appendices of data from which Lhe chapters were

constructed,




Chapter 1 - The World-wide Environmgnt and the Ground

Elfect Machine, presents a suimary and d:scussion of the

natural environments of operational Ground Effect Machines
on a world-wide basis., Clime.ic and physical features of
maritime, continental, and coastal environments are

included.

Chapter II - Cla:sification of Military Ground Effect

Machines, outlines families uf vehicles for marine, overland,
and amphibious operaiions, corresponding to tns three rzalms
of ratural envirornments discussed in Chapter I. Operational
utilization potentials are tabulated for each class of

vehicles,

Cnapter I1I1 - Effects of the Induced and Combat

Envirorments on Military Ground Effect Machines, descoribes

the elaments of these environments and their influence on

GEM design and equipment requirements,

Chapter IV - Effects of Size und Operational Utilization

on _the Selection of a Milivary Cround Effect Machine,

presunta o tabulatica of basic performance parameters
developed for the vehicles clasaified in Chapter II, and

a summary of the military operations appropriate Lo each
class. Equipment requirements based on the total opevating

environment are included.

«18-




The 2ibliography includes the source materials used

in the nreparation of this rezort.

The Appendices to this report (bound separately as
Volume II) include tabulatio.s oi the background data for
the world-wide natural environments., Appendix A includes
Climati: and Oceanographic Data, Appendix B includes Natural
Pestures of Continental Environments, and Appendix C in-
cludes Natural Festures of Coastal Environuents. Notes cn
the sources and use of the tabular materials are included

in the appendires.

Because much of the background data have heen
asgembled from classifled sources, Appendix B and Appendix
C are classified CONFIDENTIAL.




I. THE WORLD-WIL. ENVIRONMENT AND THE
GROGND EFFECH

1, INTRODUCTION

This chepte: covers the elements of natural environment
which affect the design and performance parameters of Ground
Effect Machines. Since very little data have previously
besn developed for the effects of natural environment on the
GEM, the material of this chapter is besed on a review of fun-
damental characteristics of the world-wide natural environ-
ment with consideration primarily of the features which would

have presumed effect on GEM operations,

(1) State-of-the-Art Assumptions

Irn order to provide a realistic framework for the
study, generalized limits must be set on the available
and projected state-of-the-art for Ground Effect Machines.
These should not be considered aa arbitrarily specific
characteristics of vehicles dbut rather as general frames
of reference. The Ground Effect Machinas discussed in
this veport include annular jei and plenum typa vehicles
likely to be available based ... -~ atate-of-the~art
now existing and 1nc1ud§n5_ant1cipnted dev2lopments
through 1970.(29' Ro 5o B e following characteris-

tics have been assumed:
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1. Vehicles may be either full annular jet or
plenum chambei types or may utilize sidewalls

or askegs.

2. The study is limited to vehicles capahle of
carrying men and material in off-road opara-
tion over laiud snd water and in amphiblous
operations. Speclal-use devices such as pal-
let handling equipment and loaders are not

inocluded.

3. The propulsion and 1ift air requirements will
be met through fans, compressors, or ejectors,
powered by automotive, aircraft, and marine

type engines.

4. Vehicle sizes, operating haights, and power
requirsments, discussed in Chapters II and
1v, refleol practical applications of the GEM
state-of-the art, inoluding anticipated gradual

advances.

5, More advanced oconcepts (onannel GEM, GRTOL,

full ram wing, eto.) are not included.

Areas where GEM opsrations dased on the sbove state-
of-the-art would be very diffi--'t are expressed us
"un-Qa-adble”. They inalude:
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. Areas with steady slopes over 30 per cent.

2. Dense forests of mature timper (8 o 12
inches in diameter and greater) -- brush

wood and young forests may be cleared.

3. Aveas of large surface discontinuities;
e.g., networks of ditches over 20 feet
wlde and 10 feet deep, congested bullt-
up area (city centers), canyons in arid
countries over 20 feet deep with wall slopes
greator than 100 per cent (45°), watexrfalls
over 10 feeat in height.

In all other areas, some kind of QEM 1s presumed
to have operational capability. Performance and size
requiremenrts are developed in Chapters II and IV. 1In

some cases sven within the limits of tegchnical suita-

bility, these requirements will be such as to mswe the
GEM quite unattractive .or military operations.

The data on naturai environment presented herein
are developed for the world on an wres baris and are

not intended to indicate regquiremente for any uspecific

operation. Bven in "un-OEM-iuble" arcas, there will be
some foasible, and perhaps very advantageous, oper~-

tions, .., & river valley in a . "*“*inous area.
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Conversely, in an area which 1s hoatly sultable for GEM
operations there may be "un-(QEM-able"” features or fea-
tures requiring special design and performance

characteristics,

(2) Introcduction to World-Wide Environments

Since the GEM has apparent capabilities as an over-
water and amphri‘bious vehicle, and =ince the diversity of
characteristics between land and marine operations 1is
significant, world-wide environments have been diviiled

irvo three cacegories:

1, Maritime erivironmenta for marine operations,

2. Coastal environmants for amphibious operations.

3. Continental environments for overland cpera-

tions, including use of inland waterways.

The world area has been studied in terms of these
thret catcgo:'ico of natural environmsnt, and data pre-
sented herein represent the generalized characteristics
of thess environments. Inasmuch As the COrcund Effect
Machine has very different capabilitles f:om other mili-
tary vehicles, it has been necessary to develop the en-
vironmental material on a fi'ndamentally new set of

characte=istics. In each case, the ... cvallable




reference material was reviewed and significant environ-
mental data derived anc summarized. (Reterences are

listed in the Bibliography.)

Ir. the presentation of environmental data, the fol-
iowing breakdown of the world-wide surface has been

uged:

1. Maritime environments are discussed in terms
of the major ocean areas including adjoining

2. Coastal environments &re discussed in terms of
coaste of continents facing on the various

oceans.

3. Continental environments are discusaed in
terms of continental land masses, including
Antarciica. In the discussion of physical
features, une Burasian land mass haa been
divided for convenience into U.S.S8.R.,
Burope excluding U.S.3.R., and Asia exclud-
ing U.8.8.R, following the arrargement now

teing adopted by geographers.

The envirommental ma%terial s presented, in this
chapter, in tabulations of nat - ! anvironmental .ea-

tires with iilustrative tex® materinl. Compicte

-]




detailed environmental data developed during the study
a2 included in the Approiiices (Voluie II). Although
comprehensive, these data are not to te considered as
planning materials for QM operation in a specific
area, but only as 1illustrative of the general features

in that area.




2.

CLIMATIC AND OCEANOGRAPHIC FEATURES

(1) climatic Classifications

The natural environment that will influence the
design and operation of the Ground Effect Machine may
be divided into three broad categories, maritime,
coastal (or t»~ ~itional) and continental. Contained
within each of bnese‘%ategories is a wide variety of
climates and eithar physical or oceanogr#phic
characteristics. This variety makes necessary u divi-
sion of each category into zones having relatively homo-

geneous characteristics.

The coastal and continental environments may be
ivided into regions with homogeneous climatic char-
acteristics, with uniform physical features, or ac-
cording to political boundaries. Political boundaries
usually do not coincide with natural boundaries, hence
they aov used only when knowledge of Aistribution of

characteristics within each country bhecomes important.

Thers are few areas on the earth where a shaip
boundary between climatic =cnea cen be dalineated

Rather, there are transition zones wi..., in & more

26«




detailed subdivision, mignt themselves be classified

28 zones. Since too much detail mask: itre essential

broad features, the zone breakdown useé in this study
has been chosen so that woundaries are locatea along

lines of maximum rate of transition and the number of
zones is neld to a reasonable number.

The coaital zone classifications specified by
Bailey(ss)meet the requirements of this study. Balley
used vegetation tyres a5 the primary basis for determin-
Ing his zone clasaificatipns and boundaries. He con-
firmed these by developing statistics on temperature
and precipitation magnitudes and distributions with
the seasonr for each classification. These classifi-
cations and characteristics are listed in Table 1.
Zone boundaries for both coastal and continental zones
are shown in Figures 1 to 7.

(4)
The Critchfield climatic classification for

continental areas appears to be most suitable for
purposes of this study. It is in good agreement with,
and is lar?gly based upon the classifications developed
by Koappen , and others. (@Geography, .empe)atures,
and precipitation with their seasonal variation and re-
lated vegetation cover provided the basts for

Crit~-hfield's determination of zone uvu..daries. Hisp
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FIGURLE |
limatic Zonesg of Europe
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FIGURE 2
Climatic Zones of Asgia

r4i2we

[HX % £4

e

—_—\T_ W\.ﬂ :
B

a.
me.-‘ﬂw
S




FULURE 3
Climatic Zones of Africa
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FIGURE 4
Climatic Zones of South America
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FIGURL 5
Climatic Zones of North America
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FIGURE ©
Mlimatic Zones of Oceania
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FIGURE 7
Climatic Zones of Antarctica
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listing of climatic classifications 1s giver in Table 2
and his boundaries are indica%ed in kigures 1 to 7. It
will be noted in these figures and in Tables A-1 to A-6
in Appendix A that the agrecment between the Bailey and
Critchfleld classifications and boundaries in the

vicinlty of the coasts !s remarkably good.

The general climatic characteristics specified by
both Balley and Critchfield, and the statistics given
by Balley in Tables 1 and 2 are mean values determined
on a world-wide baais. However, the parame:er values for
individual zones may or may not correspond well with
these world-wide averages. For this reason, observed
rather than worid-wide average values for each zone are
1isted with the other pertinent parameters in the tebles
in Appendix A. A discussion of the details of acqQuisi-
tion of the data is also given in Appendix A.

Of the many attempts to divide the uvceans into
climatic zones, none has been successful. Although areas
twu to five Jegrec: on a side are fraquently used as
the basis for analysis of climatic data, such arbditrary
designation of boundaries 1s meaningless in .. cilmatic
Lone pense unless the zones are #o rmall as to make %heir

rumbers unmanageable. JonseQuently it has been fow.i




Table 2 *
Critchfield's Clime*ic Classifications

1L

1L

Iv.

Climates dominated by equatorial and tropical air masses

Rainy trogpics

Monsoon tropics
Wet-and-dry tropica
Tropical arid climate
Tropical aemi-arid climute

b

Climates domninated by tropical and polar air inasses

Dry summer subtropics

Humid subtropics

Marine climate

Mid-latitude arid climate

10, Mid-latitude semi-arid »limate

11, Humid continental warm summer climute
12. Humid contineiital cool summer climate

X

Climates dom:nated by polar and arctic-type air masses
13. Taiga

4. Tundra

15. Polar chimate

Climates huving 2'titude as the dominant coutrol

16. Highland climates

|

Reference 4, p. 174.
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mest practical to consider each ocear. 2as a whole and
examine the distributisn of c¢limatic features cver the

ocean.

The only known comprehensive presentation of cli-

mate over the oceans 1s tha% cont;ined in the Marine
15-19
of the World and related docu-

ments prepar=d by the U, 3. Mavy Hydrographic Offlice
and U. S, Weather Bureau.(lu’ 22)Because these docu-
ments are available to readers of this report, and be-
cause of the nature and volume of this material, no
attempt is made to reproduce it here. The essential
features for a winter month and a summer month are
summarized in the subsectvion "Climatic Peatu.es of

World Occan Arsas."

The ultimate aocurces of all climatic data used
in this study are the observations of weather made at
thousands of astations and transmitted over ragional
and world-wide communications networks. These obser-
vations have been processed into rlimatological sum-
maries and tables, elther by the weather dervices of
the indlvldunl countries or hy cur own wea“hi~r agencies.
The characteristic values tabulated in Appendir A are
based mostly on tabulaticns of nlimatic data pre; ::ed
v Lha Climatological Section of the . o Weather

Service, U. 3. Alr Porce, s the Naval ¥eather Service




and trdrographic Office and by the U, &. Yeather Bureau,
The process by which th< cnaracteristic values within

éach zone were ovtained is also explained in Appendix A.

(2) Ciimatic Features Of World Land Aveas

Late

(4, page 3)
Critchfield defines climate as "the

aggregate of atmospheric conditions over a long period of
time." Climate 18 a function of both sverage conditions
and extremes, It is a function of the range and temporal
dlstribution of tlemperature, rainfsll, humidity, wind,
cloudiness, and many other factors. Climate classifica-
tion must, the-etfore, be based on 21l of theze factors;
however, temperature, precipitation, and wind speed ars

considered to be the most important.

In his efforts to dcvise a ciimstic indicator, man
has been unable to improve upon the vegetation cover,
Vegetation in & zone truly refiects the totality of the
climatic influences and is therefore the most useful
indicator of climatic type., This fact has been utilized
in the development of all classification systems

currentl; in vogueo,

The poundaries and classifications of the climatic
zones used 1n this study &1e shown on Pigures 1 t. .,

I these figures, arbitrarily assigne. one numbers ure




keyed to the numoers that appsar in column 1 of Tables

A-l to A-6 in Appendix A. The climatic classirication for
each zone arpears in parenthesss immediately f>llowing the
zone number and in columns 2 and 3 of the tables in Appendix
A. Where both the Bailey and Critchfield classifications
apply, and they differ, the firat given (in the figures)

is Bailey's and the second is Critchfiald's. The clima-

tic characteristics for weach claaeif;cation are given in

Tables 1 and 2 and are discussed ln Appendix A.

Table 3 summarizes the distribution of Baiiey's cli-
matic claseifications by country, continsnt, and the world.
A similar summarization for the Critchfield classification
is presented in Table 4,

From a stuuy of these tables and figures, & plcture
of the world-wide distribution of climatic zones emerges.
The most common cosstal classification is polar, with
25 per cent of the world's coastiines. T adding the
sub-polar classification, the total becomes 31 per cent,
The pola. zonea extent along the northern rim of North
Anerica, Burope and Asia, sround the Antarctic conti-
nent, and include the tip of South America. cCaharsateristic
features are temperatures mostly near or below the freecz-
ing level, persistent snow cover, -a-ice in the adja.ent
ocean ureas, and, in the northern hemisphere, the prova-
lence of fog during a large portion of the year. A cor-
responding area in Critchfield‘'s classification, that

-bo-
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4 0 10

8 9 10 11 12 13 14 15 16
11 3 6 19

17

4

Per cent of Area Within Class No. {See Table 2 }
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DISTIBUTION OF CRITCHFIELD'S CLIMATIC ZONES WITHIN POLITICAL BOUNDARIES

Comtinent  Political

13 14 15 16

2
3

Rerope (Cont’d) Wales

3
Alal s
B
-1 e
] - o
3" 8
i
g- g "~ 9 F
%o s an 3 ] LI 1
E. ] o~ H] g3 2 933
- R 223 29 %R §88% 282 32
- e ¢
- ] g2 “2¢ 8 2
PERE RO LR §3d Ei3
'ﬁsi‘ g 5 fdYy §389 g9§8 o7 HEIE RYSE

-

TS i
szii At e B




TABLF 4 (Cont.)

XSTRISUTION OF CRITCHFIELD'S CLIMATIC ZONES WITHIN POLITICAL BOUNDARIES
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domlnated by polar or arctic-type air masses, similarly
cevers the largcct single area of the continents, 1i.e.,

about 25 per cent.

The second longest coastline cllizatic type is ralny
tropical with 20 per cent. Inclusion of the sub-humid
tropical, i.e., monsoon type tropics, raises this figure
to 30 per cent, These tropical coast-lines are found
mainly in southeast Asia, Indonesia, India, the west
coast of equatorial Africa, and the east r~oast of South
America. Smaller sections are located in Central America
and portions of Mexico and Colombia. The corresponding
Critchfield climatic type covers a aomowhgt lower propor-
tion of the land area than of the coastline, i.e., 7
per cent. If one includes, as before, the monuoon tropics
and the wet_and-dry tropics, this figure incrsases to

23 per cent,

The cnaractqr;qtica of the true rainy tropicsl area
are dense jungle up to the water's edge, a profusion of
animal 1life of all types and sizes, frequent moderate to
heavy rains, relatively low wind speeds, and an oppressively
hot and humid condlition. In the monsovon or Sropical wet
and dry climatic areas, the jungle somctimes gives way
to grassland, and the rairy, humid seacons alter. i.e with

~veir wormer and/or drier seasons.
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A third most important segment of the earth's sur-
face is the arid or ;emi-arid group of zones, Approxi-
mately 30 per cent of the land surface and 14 per cent
of the coastline falls .n these classiflications. About
one-third of the earth's arid regions are found in
Africa, mostly in the northern half. The remainder oc-
cur in southwestern and central Asla, southwestern North
America, central and western Australia, and in southern
and western South America., Vegetation in these regions
is gparse or non-existent, the soil tends to be sandy
or rocky, and the precipitation is seasonal. These are
the areas in which most of the wor?3's sand and dust

storms occur.

The remainder of the earth'!s surface, approximately
one-fourth of the coastline and 23 per cent of the sur-
face, 1s distributed among the various temperate zones,
most of which ere characterized by wet-and-dry seasons
and receive moderate amounts of precipitation. Vegeta-
tion in these zones consists primarily of forest and/or

grasses,

1. Europe - Asia

The climate of the EBuraslan continent, “iciud-
ing the peripheral islana .. ‘<. ranges from the

extreme cold and drynes. of the Arctic coast and




northern Siberia to the extreme heat of the hyper-
arid Arabian Penivasuia and the =xtreme dempness of
the Jjungles of Malaya and New Guinea. Mean tempera-
tures increase in t e usual manner from north to
south. Mean temperatures also increase slightly
from cast to west, except over southeaat China,
‘because of the warming effect produced over

western Eurcpe by the Gulf Stream and because cf

the widespread radiationai cooling that occurs over
the great north Asian and northeast Buropean land
mass. Freezing temperatures and ground snow cover
are commen winter phenonena north of & line extend-
ing from Shanghai through northern India, Iran, and
Turkey to southern France and thence north-northwest
past northern Great Britaln. Tneée phenomena are
relatively infrequent or non-existent to the south
of this zone, The distribution of snow cover 1is
illustrated in Figure 8, following page 85, which
shows the approximate world-wide locations of

given climatic features during the coldest winter

months of each hemisphcre.

The regions of heaviest precipitation are
found, at least part of the year, in the monsoon
belts of India and south~~<{ Aslia, in the vicinity

of the intertroplcval convergence zone in indcnesia




and New Guinea, and on the southwest edge of the
Pacific high pregsure belt 1n the Philippines, )
Little rain is found in tvhe "rain shadow" of the
mountain ranges suc.1 as those in southwest and
central Asla. Precipitation is also slight in
Arabia at the east end of the unique Medliterranean
east-west orlented dry belt. Western Europe,

which is dominated by the subpolar belt of westerly
wind, has a rainy marine climate. Rainy subtpopi—
cal and temperate wet-and-drv climates, characteris-
tic of the western side of oceanic high pressure

cells, are found in eastern China and Japran.

Relative humidities conform generally to the
descriptive terms of the climatic classifications.
They are very hlgh in the tropical rainy climates,
high in the rainy scasons elsewhere, low in dry
seasons and very low 1in arid reglons, particularly

in portions of the Arablan Peninsula.

Thunderstorms occur mostly in the tropical
marlitime alr masses over Indla, souvheast Asia,
Indonesja. and the Philippines. in care locations
in these areas, thunderstorms are almost a dally
occurrence during a iarge portion of the yc x. As

5 general rule, they tend.to u.. : & short distance




inland, away from the beaches, The highlands of
New GQuinea and Pornian are favored locations for

such stomms.

Duta on the occurrence of sand and dust
storms are extremely aparse. The storms are
known to occur almost entirely in arid regions
such as the Arabian Peninsula and the desert
portions of Iran, Afghanistan, northwestern
China, Mongolia, and Manchuria. In these areas
the soll 1s sandy or lacking in plants or cther
binding materiala. The most frequent reported
occurrences are 135 days per year on the east
and south coasts of Saudi Arabia, 183 days per
year at a place in the Sinkiang »rovince of
China, and 110 days per vear at a point in the
Oobt Desert of Mongolia. Tn such places, the
high frequency of sandstorms is prubably ravored
by combinations of terrain and prevailing winds
which muat also ococur in many other localities in
the arid regions. Rlsewhers in these same regions
frequency of occurrence is probadbly much less,
however, soil conditions are favoribie ror the
creation of local dustatorms by propwash from

airplanes or downwash fr~- OQKMs.




Very little of a speclal nature can be sald
about wind speed snd direction over £y acnsider-
able area. Both speed and direction are strongly
influenced by terre.n and surface conditions so that
wide variability within even small regions 1is rot
uncommon. Wind speeds tend to be strongest in the
storm belts of thé middle and high latitudes, es-
pecially along the coasts in the winter. In the
summer they tend to be stronhger during certain
hours of the afternoon or early morning in valieysa
or canyons or along the drier coasts, especially.
when the gradient is directed parallel to these
features. Speeds are generally low in the lower
latitudes, except in the vicinity of thunderstorms.
Table A-1 of Appendix A indicates 3apecific regiona

in which strongen winds tend to ocour.

The occurrence of fog along the coast is
largely seasonal. It ocours quite commonly along
the Arztic cosst [rom northern Europe oaatunnd‘to
che Pacilic, along the Pacific coast to Japan and
Kores, and along the zguth China coast. Thoss gonea
in which fog occurs with the frequniiy specificed by
Bailey in his criteria are andicated ir Table A-1,
Appendix A. (Bailey's f~: criteria include occur-
rence of denae fog (1'miting visioility te¢ :l




yards or less) either 20 per cent of the time in
a month, or 15 per cent in a three-month perioed,
or 10 per cent in a year.) No attempt was made
to classify continratal zones according to the
occurrence of fog since fog in these areas 1s
normally limited to interior valleys in the early
morning hours and is usually not of area-wide

significance,
2. Airica

Largely because of its position astride the
squator, Africa encompasses the narrowest range of
temperature regimes and the widest range of rain.
fall regimes of any of the continents. The most
striking feature of the continent is the arid
Sahara Desert in which daytime temperatures over
120° P. and relative humidities under 20 per cent

are common.

The average of the mean temperatures over
the entire continent of Afric: 13 undoubtedly
the nigheat of any of the continents. Mean dally
minimum temperatures bslow freezing Jduring the
coldest month occur only siong the northern rim
and southern tip of the . ‘*inent and at a few

places 1n the Sahara :~d4 in the higher mountains.




Mean daily maxinum temperatures during the warmest
month over most of the tontinent range between 85°
F. and 98° P., but ere as high as 117° F. in the
éahara. In the truplical humid zones, temperatures
generally range over the year between 60° F. and
90° F., seldom exceeding 100° F. or dropping below
50° P, :

The northern 1/3 to 2/5 of Africa constitutes

the lasgest singie aria region on eartn, It 1is

the only region fcund for which some climatic sta-
tions report an average annual rainfall of zero.
Many average only a trace and most average leas
Tthan one inch per year. The other smalle arid
reglons, roﬁnd in southwest Africa at the east end
of tne south Atlantic high-pressure belt and on the
eastern tip of the continent in the vain shadow of
the Bthiopian mountain range, also receive very
small quantities of rain. In contrast the Congo
Basin, which is dominated by the intertropical con-
vergence zone, receives copicic quantities. As a
ruie, the raiafall in Africn.ia greater in coastal
Greas than in the interior, especially in the more
temperate climates found at ths northorn and southern

ends of the contlnent.

-6




Relative humidities are high in the Congo Basin
and along the central west coas:, and they are very
low in the Sahara and along the east and the south-
west coasts. They ' ary seasonally in the usual man-

ner as elsewhere, according to wet or dry season.

Prequency of oecurrence of thunderstorms is
very high in the vicinity of the intertropical con-~
vergence zone, especially in the Congo where they
occur as much as 200 days per year. Thunderstorm
activity is also very frequent on Madagascar and on
the southeast coast in the tropical maritime air
flowing arcund the weat end of the Indlan (Ocean high
pressure belt, Elsewhere in Africa, thunderstorms
vary in frequency from about 25 days per year alceng
"he Mediterranean coast to less than one day per
year along the Red Sea coast. Thunderatorms ogour
more frequently a few miles inland than on the

immedlate coustline.

Although the maximum reported frequency of oc-
currence of sand and dust storms in “he Sshara is
approximately 60 days per year, Ll is nrobable that
they are more prevalent in some areas not covered
by weather observaticns. The sandstorm max’ .m
g=nerally occurs in the pe...  “~mm January through
April when wind spee*« above i5 to 25 knots are

more prevalsnt.
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As is the case with most lani areas, only
general statements can re made about wind direc-
tion and speed. Sc& and land breezes, sometimes
quite strong, occu® along moat of the coast of
Africa. 1In addition, there are many local winds,
such as the Sirocco, which are capable of raising
dust and sar... On the whole,'the strongest winds
are found on the fringe of the temperate or sub-
polar storm belt at the tip of South Africa. An
exception to this is along the Coast of Somalia, on
the eastern tip of Africa, where gale-force winds
and accompanying sandstorms are most I'regquently
reported. Except in the immediate vicinity of
some thunderstorms, wind speeds in the jungle area

of central Africa are relatively light.

Pog meeting Balley's frequency criteria
occurs primarily along the coast of southwest
Africa ou the east end of the touth Atlantic sub-
truplcal high-pressure belt. Fog also occours during
night ard early morning hours in many mountain
vallecys and some river valleys of south and east
Africa; however, frequency of occur.wnce doss not

sarrant classification of any rones as fog toncs.,
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3. South America

Although the bulk oi' Soutk America lies within
the tropics, its southern tip extends well into the
provhilins westerlies of the subpoler storm belt.
Thus its climates range from the dominant rainy
tropical and wet-and-dry trcpics of the north.to
the polar climate at the southern tip.

The controlling factor in South America's cli-
mate3 is the Andes Mountain Range that extends dcwn
almost the cntire length of the west side of the
continent. This range restrictes the sffert of the
intertropical convergence zone on the wast coast
Lo the reglion from the equator northwerd. To the
south the coast is dominated by the sast e¢nd of
tne South Pacific high-pressure belt and the typi-
cal arid climate associated with its subsiding flow.
‘The Andes also act as the western barrier to the
flow of the tropical air around the south Atlantic
high-pressure belt., This flow 37 moist, tropical
air, plus the action of the intervrcpical conver-
gence zonc, nroduces the dominant 5 v 3 tropical

climates of Brazil and the countries t> the north,

Argentina and Chile a tend from the sulLtropius,

where they are inlluenced by the great hig.-pressure

68«
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beLts ot the two oceans, well into the prevailihg
westerlias that ring the globe north of tha subpolar
low-pressure belt. The climate in Chile thus . inges
from arid on the north co rainy marine and very
windy in the south, Becauss the Andes i~z very

high throuszh tais belt, a rain shadow i3 found on
their east side. Thus the climate of a large por-

tion of Argontina is arid or semi-arid.

The extreme mean dally maxinmum temperatures aso
commoa in the Sahara in Africa are not found in
South America. Highes:t temperatures occur in the
arid subtropical regionz of Argentina where some

mean daily maxima nf 100° F. or greater are found.

Naximum temperatures in the tropical arid regions

of northern Chile and Peru are limited Lo lees than
90° F. by the iow clouds and fog which, along with
the lack of rainfall, characterise the ecastern edges
of high-pressure belia aiong ths west coasts of
continunts. Mazlmum temperatures in the vropilel
belt east of the Andles usually rewmain in the
nineties becsuse of the sifecta of precipitation

and .oucinesn,

Az c2n be oeen i Pigure 3, che extent of

- reciing temparatures and anow cover .8 relatively

sr2ll on this continent and 18 confined to the

-65-




southern-most areas and the higher levels in the
mountains. Mean daily minimun temperatures near
or below Treezing, a8 well as individual daily
temperatures in th. same range, are found only
in the mountalins O>r in the socuthern quarter of
the continent during the winter months and almost

never in the summer months.

The heavy rains of South America occur east
of the Andes in the general equatorial belt where
the intertropical convergence zone snd the south-
west and northwest sections of the North Atlantic
and South Atlantic high-preasure belts reapcotively
are the dominating influengces. BEven in this zone
rainfall 1s seasonss, following as it dces the
movemant northwarce 1n the northern hemisphere sum-
m2:. 1nd southward in the southern hamisphere
sumser of the intertroplcal convergence zone. A
temperate cainy bel!, in which rainfall 1s plenti-
fui throughout the year, exists along the southaprn
portion ©f Cnile where it sxtsrds inio the belt of
westarlies known as the "roaring 40's.” Precipita-
ticn elsewhere on the continent 1s 2snentially sea-

sonal and relatively liaht.

Relative humidities gene. ~ "' conform to the

descriptions of clis.'.y clasaifications in that

-B3-
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they are high to vezry high in the troplcal ralny
belt: and in the rainy =ection of Chile noted abovs,
They are occasionally high during rainy seasons
elsewhere and are ruite low in the arid regions

the year around.

Thundersto™ms have been reported on as many as
190 days per year in those equatorial regions doml-
nated by the lntertropical convergencs 2one. Most
thunderstomm activity occurs in or near this zone
an¢ ir. the tropical alr masses flowing into the
Andes Mountalns or into higher latitudes, Thunder
storm frequency seldom exceads 25 to 30 days per
Ycar in the higher latitudss ané is essentizlly

zero 1n the arid climates,

Therea are no quantitative data avaliable aon the
occurrence of sand and dust storms in South Ameri:..
There 18 some savidence that taey ocolur occasicnally
in the arid regicns of Argantina and along the coast
of northarn Chile and southern Peru. Such storms
appsar to be <f mincr consequercsa on the :2ontinent

of South America.

Wind apeed and direotion are inf.usznced very
strongly be terrain on t*°~ ocontinent as they are
on others, and a wide variability exis*s over
relatively smail regions. Directions are generally

sasterly ir the tropics on the At antio side uf the
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Andes and westerly in the southern half of the
Pacific side. Wind 3peeds, as a general rule,

are quite light and calms quite frequent in the
tropical jungle ar:as and even along the coast

of most of tropical South America. In contrast,
wind speeds are generally strong along the

southern tip, particularly along the south coastal
region of Chile. In the belt known as the "roaring
40'3," frequency of gale winds is sometimes as high
as 22 par cent, and wind speeds of ten knots or

telow occur only a very small fractlion of the time.

Pog occurs, according to Balley's criterla,
a.iing the coast of Peru and northern Chl.lis under
the infiuence of the eastern edge of the subtropi-
cal nigh-pressure telt. It also occurs in connec-
tior with storm activity along the southern ccast
of Chile in the belt of the "roaring 40's." Pog
occurs in some interior valleys durling early
morning hours; however, frequency is not sufficl-~
ant 1o warrant classificationu of any continental

zones as fog zones.

4, North America

The clinate of Nortu . -“~ica, like that cf
Asia, ranges from the cvtreme :5id and dryness of

the Arotis coast and 1slands tc the rainy tropics

-68-
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of Central Amerlca znd the arid subtroples or‘%§§~u .
Southwest, The pcreentages of coasitline length

and land area bearirg polar and subpolar classi-
flcations zre about 57 per cent and 43 per cent,
even higher than in Asia. In contrast, the pro-
portiona of coastline and continent classified
eltner as raliny tropical or tmpical arid are
relatively small. The rainy and wet-and-dry tropics
are found in Central America, part of Mexico, and
the Carilbbean islands. The relatively small arid
region is ccafined to the southweatern United

States and northwestern Mexlco, although semi-arid
belts extend northward over the Great Salbt Lake
Flateau and the western great plains, which lie

in the raip shadows of the Cascade-Sierra Range

and the Rockles reapectively.

The dominant feature responsible for the
North American climatic distribution 1s the com-
plex of mountain chains extending from the Aleutians
through soutiern Alaska, western Csnada and United
States, and thence through Mexico and Central
America to Colombia where it joins uhe Andes., As
a consequence of this physical barrier, the coasts
of California and northern Mexico experience the

low incidernce of precipitation andg the low clouds
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typical of the subsiding eastavn edge of high-
pressur: belts ciong west coaste of continents.
Ip higher latitudes these mountains aleo act as
‘£:§riers to eastwsr.>d movement of storma and re-
suit in a wet climate on the windward side. The
rain shadow effects c¢f the coastal ranges are

' pronounced in interior platesus.

The mountain chains alec restrict the influ-
ence of the western end of the Atlantic high-
pressure belt to the eastern half of the contlinent
where humid %tropical and subtropical climates pre-~
vail in the south and wet-and-dry temperate cli-

mates are found further north.

Mean temperatures over North America in the
winter are somewhat higher along the Atlantile coast
than in fhe middle of the continent. They are sub-
stantially higher along the Pacific coast under the
influence of the diffuse Japanese Current and of
the semi-permanent low-pressure area in the GQulf of

Alaska.

The area of extremre dcily mearn maximum tempera-
tures in the summer 18 found in the arid resi~ng of
the Southwest. However, =7v a few places, such as

Death Valley, have su.r oxtremes as do the Sahara
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and Arabian areas of the Asian and African contl-
nents. Extreme low ftemperatures during winter
months recorded in northern Canada and Alaska com-
pare with those recurded in Siberia. These low
temperatures are usually fcund in valleys and
east of the Roeky Mountains over the tundra of
the Canadian plains. The extreme southward ex-
tent of ground snow cover can he noted in Figure
8. To the south of the snow belt, freezing tem-
peratures are comparativelyr rare or non-existent
and snow cover occurs very infrequently. During
the summer months, the line recedes to the ex-~

treme north edge of the continent.

The greatsst precipitation amounts recorded
in North America, up to 150 inches per year, fall
along the east coast of Central America and the
east coast of the Gulf of Alaska. Mcderate quanti-
tlies fall in south-eastern United States and eastern
Mexico. Rainfall over most of the continent is
acasonal in pature; although nsrecipitation in the
dry seasons may reach five inches peir month 1in
the Central American arna contrasted to zero in
the southweat arid regions. Precipltation is the
least in southwestern Un’*“~n States and norta-

western Mexico, where » large part of the region




1s in the rain shadc¢v of mountains and the coastal
portions are influenced by thelr icoabion at the
eastern edge of the Pacific subtropical high-pressure
belt. Showers and chunderstorms occur here in the
infrequent incursions of Gulf air., The most nearly
uniform precipitation distribution on the continant
cccurs along the Atlantic coast where rain or saow
falls from 8 to 16 days per month throughout the

year.

Very high values of mean relative humidity are
found the year around only in the Cent. a1l American
area. Elsewhere, they occur intermittently. being
hiwh along the Pacific coast, California northward,
only during the winter wev season,and in the south-
east ard easterr part of the country during the sum-
mer ssasor, Very low relative humidities ocour most
of the year in the southwest arid regions, in rarts
of which they are almcst as low as those found in

the Sahara.

Maximum thunderstorm activity occurs ir the
flow of tropical air arcund the eouttne~t side of
the North Atlantic high-pressure belt, espe:ially
in tne vicinity of the int-rtocploal converg 'nce
¢nne in the Panama to Nicaragua .. 2a whors they

ceaur up to 100 days per year. Considerable
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thunderstorm activity 1s found in the West Indies
and the southern tip of Florida; 219 moderate

activity extends throughout the plains states and
the Atlantic coastr. region of the United States

during the summer months,

Elsewhere >r the contincnt, thunderstorm
activity is comparatively infrequent. On2 area
of special note is just to the east of the Rocky
Mountains ir Kansas, eastern Colorado, eastern
Wyoming and Oklahoma. In this area very strong
thunderstorms with hail and tornadoes have a maxl-
mum frequency of occurrence in April, May, and
June. Most of the thunderstorms ocbmervad on the
continent accompany an incursion of tropical air

fiom the Qulf of Mexico.

Blowing sand and dust on the North American
continent are confined almost entirely to the
arid regions of the southwest and are not a signifi-
cant feature. In this region sand or dust storms
may occur ag much as S0 days per year, mostly in
the carly spring months. During per’ »wn of ex-
tended drought, such as those of the 1930's, blow-
ing dust may also cover exteasive areas of 9
western plains section. Criv...” wind speed required
to raise the sand grains over the desert regions ap-

pears to be approximately 25 to 30 knots.
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Although strongly influenced or donminated by
terrain fcatures, tners are some vell defined wind
patte ns apparert in the circulation over North
America. Typical .f these are the southeasterly
and easterly flows along the Gulf and southeast

coasts in the summertime, the westerly flow along

the Pacilic ccast from northern ﬁéiico to southern
Alaska throughout the year, and the northerly flow
over Canada and the United States in winter., Gale
force winds in the warmer months are usually con-
nected with special situations such as Atlantic
hurricanes traveling up the eaat coast in the fall,
In the winter, gale winds accompanying the major
storms in the subpolar storm belt affect particu-
larly the Pacific coast from California northward,
the Atlantic soasv northward irom the Carolinas,
and octesionally the Midwest northwestward througn
the Oreav Lakes and St, Lawrence Valley. On a
smaller scale the Chincok or other foehn winds of
the west and the Tehuantepec winds cf southern

Mexicc also reach gale force.

A comparatively long stretcn ol the coas:ilinre
meets Bailey's criteria for classification as 3 Yog
belt. This belt extend~ ‘vom the Aleutians along

moat of the Arctic ccast, around Newfounaland to
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New England. A second fog belt is found in the
summer months a.ong the sastern perinhery of the
Pacific high-pressure belt, 1.e.,‘qlong the coast
of Califorria. A.though there are occaslonsl wide-

spread areas of fog inland{uthe frequency of occui~

rence does not warrant classification as a fog region.

5. Australia, New Zealand and Pacific Island
Ix‘eau §§ceania)

Australis, the smallest of the continents, is

probably the second warmest, exteniing as it does
from the south edyre of the equatorial belt to the
north edg> of the subpolar low-pressure belt, Its
climates range from the rainy tropical of the
northern , eninsulus through the arid center and
west to the rainy marine of Tasmania. The islands
(overed 1n this discussion extend over the same
latitude bLelt, but their climates are all rainy.
New Zealand extends from the ceanter of the South
Pacific nignh-pressure belt well into the subpolar
westerijea, The bhalance: N2i Caledonia, Ncw

Heb:'ides, and Piji, all lie in the tropics

Temperature distribution over this region is
the most uniform of that af any .f the con.® .ents.
sfoan daily maximum tempsratuie. "n the warmest

month barely exceeu 1U0° F. in the warmest portion,




the northern part of the arid interior, although
temperatures to 120° 7 are experienced, Mean daily
minimum temperatures telow freezing in the coldest
month occur in on.y a few isolated points on South
Island, New Zealand, No case was noted of a dally
minimum temperature below 15° P. Temperatures over
most of the area range from the thirties to sixties

in winter, to sixties to nineties in summer,

Prequency of occurrence of precipitation in
New Zealand and the southern portions of Australia
is remarkably uniform throughout the year with rain
falling nine or more days per month. Elsewhere,
precipitation is mostly loulona; with zero to
three inches per month in the arid regions up
to 0,1 to 18 inches per month in the tropical
rainy regions of the north. The interior and
western arid regions receive 4 ty 10 inoches per
year, consideradbly more than the hyperarid Sahara.

Altrcugh the northern portion of Australia,
the New Hebrides, and the Fijis all exprerience very
high relative humiditioy a large poriion of the
year, they do enjoy at lseat a short pariod with
comparatively low humidittes durang ths drm
season, Humidities in the sou... portion nf
Australia and in New Zealand vary continually
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between approximately 50 per cent between storus

to 95 per cent “n j-ericds of utérma; Eleawhere in
She region, humidities are generally in the middle
to low ranges exc.pt during brief humid periods in

the local storm seasons.

The maximum thunderstorm activity occurs
characteriariecglly in the tropical air masases as
they flow over the continent, or in the vicinity of
rhe inter-%ropical convergence zone, Maximum
trequency of vccurreince on the northern tips of
Australia 1s approximately 100 days per year.
However, maximum freQquency of occurrence in the
tropical islande of Pijl and the New Hebrides ia
only 2% to 35 days per year. In the gouthemrn
rainy areas thundarstorms occur only about 10 to
30 davs rer year. 324 in the central arid veginr

thoy recur ghout one to 15 days per year,

N¢ darp werc available on frequency of
ocfrurrence of sand and duat atorms. It 18 known
Lhal Lhmy du vieur I central and <eatern
Auntralia. It ts probable “hat Lhe fTeaquency ol
dccurrence in these areas is nct high since the
sparse vagetation wcts as o binder and or . cal
wind speeds are attained u.. ™ently. Theere
storms are probub.y not a oerious factor in

Australia.




Altbhough i1ifiuenced in the wnsual manner by
terrain [eatures, the wind patterns ov-r Australia
and the various islands are the ieast complicated
of any of the continental regions. The southern
half of Auatralia and most of New Zealand lie
within the bel* of subpolar westerlies and experi-
ence westerly winds most of the time. The northern
half of Australia and the other 1sland groups are
in the subtropical or trade wind belts and
experience winds from the east or southeast the

majority .. the time.

Wind speeds in Australia are generally quite
lew in the nirthern portion, increasing wilh
incraased luultude to & maximum along the southern
rim of vhe centinent., Here, gale-force winds
greur a8 muth a8 12 per cen® of the time during
winter months and occur at least occasionally in
almest every month of the year. New Zegland
similarly »»: riences a high percentage of gale-
force winds during winter souius. DMuring summer,
gale winde occur up to five per cent of the time on
South Island. Except during the hurricane season,
the tsland groupr of FLJt, hew Hevrldes, ant
New Caledonia seldom axpe.. -~a gale-force winds.
Since Lheee 1slands .. un the eguator side of
the subtropical high-pressure belt, wind speeds
generally 1run Letween five and 15 incts.
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Althcugh fog does occur bcth along the zoas:
and inland in Australia and New Yeaiind, freque~ncy
of occurrence 18 too low to meet Balley's -, i-ris

as a fog zone.

(¢4
[]

Antsarctica

Antarztica lies almost entirely within the
Antarctic Circle, Por this reason it 1s almoet
totally coveresd with ice and containa, other than
pengulins, only a few of the lowest forms ol plant
and animal life. The continent is ringed through-
uul most of the yeal Uy ali 1ce shell g8 ghown in
Figures 10 and 12 following page 85. This ice
sheir #»ffestivaly increases the size of the
aontinent by providing more reflective and radiative
suiface and by preventing approach by ases Lo mos*
u? tre anare line, ‘fhe affect ~f lcocation and cf
type of aurfece ia to providc the most uniforwm

climatis 4istribution found on any cantinent,

Little quantitative climatic inforwmaticn about
Antarctica 1s availuble. Two or “hree vears of
records Trom a few observing 2tations plus the
reconds of a few expeditions proviage cur ¢ . .re
stcre of information. Son. " °'n Lg oblained from
the obaervationg nals ,n whaling vessels and on

the few subpolar islands. The inforwation
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tabulated in Appendix A summarizes these few data.
The blank spaces in the table indicate the lark of
any basis whatever for making estimates of thoae

particular parametcrs.

Temperaturces over the Antarctlc :ontinent
are below free:ing most of the time. Only in the
~oastal areaz do they rise ahove the freezing
.evel and then only during the cummer months when
rbe mear daily maxinum reaches approximately 37° F.
Mean daily maximum temperature cver portions of
the high interior plateau probabiy revar exceed?
0% P, Ths mean daily minimums vary from slightLy
velow 0° at *he more oxposed coastal points tc as
low &8 -TC° P in the interior. ‘lne lowest
temperat.re aver obderved is -125° F st thr

South Pole.

Megzursmant of precipitation on tra Antarctic
centinent 18 very difflculy deceuse 1. almust
always fel's as snow, and it ls impcasidle to
distinguish between falling snow a:d dlowing taow
or *c measure the difference bets2r- .l Lwo,
However, 1%t is probable that the sax!mum pro-
cipitation any place en the 2 iinant fa > wero
.8 hot cver “hree inches, me.... *JalvVisrt,

Precipitasion in the drie-t 2onths prodabiy .




than 0.1 inch, 'wequenay of ocascurrence of precipi-
tatton or ~f blowing snuw runs as Ligh ag 31 daya
pr . nonta dup.ng the ao-called wet aseanon, 8hd It
aeldom dropr balow isive days per month in those

areas for whileh varnndR ure obtatinable,

ffev atatiavics are available on relative
humidiiies, largely heoauss aof the difficulty of
measlring these at the law temperatures, Absolute
humiditvias are, of course, very low mugt of the

time.

The coaatal areas of the Antarotic nontinent
can aaglly he olasnaified an windy. "The contlinent
1a surrounded by the gubpolar lLow-pressure atorm
belt and uo ia usually ringed Ly & aseries of
grorme, The regult is & high frequency uf
necin renne of' gale-farce winds, Thia frequenay
has bheen repartead as approximateiy 30 per ocent
In some aregs and ia avldom lower Lhan three per
Wit 8ven Jn the ualmeat of montha. Nore variation
i found in wind apeed in the interior iegions where
wind drops nfl' tu oAlm a high pervu.lage of the
time bevause 0f the formation of strong surfase
inveraiona in winter montlhs. OQcoanional at. .ma
and the ocatabatic windas down tne. graduil slups to
the coast from the pular plateaus combine to
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produce wind speeds over ten knots a high per-
centage of the time during a poitlon »f the year.
Gaie-force winda prebably occur as high as ten per
cent at some interior areas durlng these same

months.

Blowing =~ow iz probably the outstanding
phienomenon ¢f the Antarctic continent. One station
reports blowing snow occurring on as mary as 128
days per year. Since wind speede of 15 knots will
raise fresh snow and 25 to 30 knots will raise
older snow, blowlng snow i1s a possibility au
nearly any time of year at nesrly any place on

the continent.

Bailey has made no attempt to determine the
frequency of occurrance of fog on the Aatarctic
ccastline, and so he has made nc classification in
this respect. Ice fog can and does occur during
veriods of low wind velocity at almnst any place
over thc continent. The relatively shallow layers
of dense ice fog reported at McMurdo Scurnd are
probably typical of those that oc..l vicewhere,
Since stronger winds tend to dissipate these fogs,
the frequency of occurre).ce¢ proebably is 1o in the

belts cof strong windm.
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(3) climatic Features Of World Ocean Areas

For 8ll practical purposes the general atmospheric
clrculation over the oceans ~onsists of three main
streams, (1) the tropical easterlies and/or trade winds
found between the equator and 300 to 40° latitude,

(2) the mid-latitude westerlies, also known as the
circumpolar zonal flow, found between about 350 and

53° o 70° iatitude, and (3) polar easterlies. These
three circulations are a result of the subtropical high-
pressure belt over the oceans, whote mean axis
oscillates between 300 and 40° latitude; of the subpolar
storm or low-pressure belt whose zxlis varies between
uio_and 70o lhtltudé; and to akleaaer.extentAor a

polar high-pressure cell, The tropical eapterlies and
trade winds are found on the eqQuator sicde of the high-
pressure Lelt, the zonal westeriles betweun the high-
preassure hait and the low-pracsure belt, and the polar
easterlies on the polewacd slde of the low-pressure
belt. In the northern hemisphere these pressure aystems
are generally located in lower latitudes during the
winter, when vhe luws are generally most intense and
highs may bec weakest. During th: summer they nigrate
toward the poles, and the lows weaken markedly as the
highs become stronger. The ¢h&hge. “™* not 80

pronounced in the southern hem-:nheru.




Storms in the northern hemisphere usually move
northeasterly or <astcerly from theilr point of gener-
ation off the east coasts of continents to thelr
point of maximum in.ensity and/or dissipation in the
Gulf of Alaska or the vicinity of lIceland. In the
southern hemisphere storms tend to move southeast-
ward or eastward either to seml-permenent lows in
the Ross or Weddell Seas or to ccontinue on around the

periphery of the Antarctic cont.inent.

Tropical c¢yclone generation usually occurs
toward The western side of ocean3 in the low latitudes,
particulariy bherween 10 and 20 degrees from the o
equater., Tuey thean normally muve on westward,
gradually recuarving Sowerd higher iatitude, fre-
quently along the east coasts of continents, until

they wave 1nto the subpolar storm belt,

A featuvre of individual cells in the hish-pressure
belts 1a the subsiding, and hence very astable, air
found on their east ends. The reaulting lack of
precipitation is respounsible for the arid regions on
the western edge of adjacent contizents  Since the
flow arcund the high adjacent to the continent also
results in an upwelling of cold wa%er along nH.: coast,
€z and  low clouds are also .. “*aueristic of such
regions. As the flgo:. .ontinues on around the

aquatorial side of the high, the air acquires heat and
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R FIGURE &
' Mean Extent of Shelf Ice. Superstructt
Icing, Freezing Air Temperatures
aud Snow--Winter

T

min<EEES D

ey
o~ e




748

<
7

%

ﬁ\:;;.
A
% 4 i

-

77

759

Y7

’//2{/ 7

7

¢/
&7

‘v

1 S




FIGTIRE 8

Frequency oif Wind Spee:
§ Categories--Winter
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FIGURE 10

3 Frequency of Occurrence
2 High Seas--Winter
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FICURE 11!
Frequency of Wind Spee:
Categuries--Summer
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FIGURE 12
Frequency of Occurrence
High Seas--Summer
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Figures 9 and 11 show tha distribution of wind speeds
in the winter and sumner hemispheres, snd Figures 10
and 12 show corresponding wave helght information. In
each of these figures t.ie northern and southern
hemispheres are separated by six months, 1.e., the
winter hemisphere may represent conditions in February
in the northern hemisphere and in August in the

southern hemisphere.

1. North Atlantic

The general southwest to ncrtheast orien-
tation of winds, waves and sea ic2 alony the
west slde of the North Atlantic is an indicatiun
of the strong ‘nfluence of the warm Gulf Stream,
This stream is responsible for the mild climates
of the more northarly latitudes of western
Europe. 1% is also largecly responsible, together
with the contrasting frigid character of the
adjacent polar regions of North America, for
intcnsification of the storms which tend to
follow it northeastward. It can be noted in
Figures 9 through 12 that the sturm .c.ivity
18 reflected in the regions of maximum magnitude
and frequency ol occurrente uf waves and w.'u

npeeds.

«9] -




The mern maxirum extent of sea 1ce conventra-
tion of five-tent!is cr ~iwre, indicated on Figure
8, means that ice in lesser concentrations does
penetrate farther s.uth, although it melts
rapidly if it enters the edge of the Gulf Stream.
The ice pack recedes far to the north in the
summer, but icebergs breaking off of glaclers
drift out into the shipping lanes along the
Gulf Stream,

Ths major storm tracks in the Atlantic
extend from the east coast of the South Atlantic
States, northeastward past Newfoundland to the
vicinity of Iceland. The corresponding belts
of maximum windi and wave heights extend from
the area sourhwest of the New Engiand coast
nortnesatward %0 the 50th to 60th parallels to
the tip of OGreenland and Great Britain. Wind
speeds and wave heights decresse to the south-
eastward to a minimum extending from Gibraltar
westward into the Qulf of Mertico,

In the summer the houndary of frre.:ing
temperaturss, along with the ice shelf, recedes
far to Lthe north, Freering tempe-stures th. .
surur less than five per ceny . ~ the time at
any point in the No. v Atlantic. Because of this




warming, superstructure icing does not occur in
the summer months. The major storm tracks are
found only slightly to the north of their wirter
positlon, but the stormes themselves are generally
much less intense. The area of high winds and
waves remains neariy statlonary, although the
incidence of gaie force winds is conaiderably
lower thar in the winter periocd. Wave heights
greatrer than twelve feet seidom occur south of
the 4Cth parallel in the summer, and wave heights
above five feet occur along the 30th parallcl only

about 1C per «ent of the time.

2. North Pacifis

The southwest to northeast orientations of
the houndary between {reezing and non-freezing
temperatures and of the zone of procaple super-
structure icing found in the North Atlantic in
winter, are also observed in the North Pacific,
sl thanpgh “hair northward dilsplacamanta there are
not ac pronounced. Lack of an oceanic ~urrent
in the Pacific as warm ond strory es .uc Qulr
Stream in ths North Atlantic i1esults ir leas
prorounced warming over the norcheast corne of
tue ocean. Contridbuting to tne DHservad orisn-
tat.ion 1s the strong outflow of cold air from
the Asiatic mainland.

«93-




Unlike the Nortn Atlantic, there 1s no sea
ice in the North Fazific. The most southerly
advance of the ice shelf i1s into the southern
Bering Sea, ‘rom wr.ch it recedes in the summer
to the Arctic Ocean. 8Small areas of pack ice
do form in the sea of Okhotsk and portions of

the Japan Sea.

The outflow of polar or arctic alr maaaes
from the continent of Asia is even mure pronounced
than from eastern North America. This air con-
tributes to the genesis of the severe storms
that form along the coast and move east-north-
eastward south of the Aleutian chain into the
Gulf of Alaska. A second major storm track
extenda from the central Nortn Pacific
northeastward into the Qulf of Alaska or onto
the _oasls of Canada and northweate:mn

United Rrates,

The center of the region of heavy reag and
stoong winds Jjust eaat of Japan and south of
Kamchat¥~ {(Figures 9 and 10) corr:anrc=rt to thoe
“irat of tue major storm tracks, tHere, sske
greater than 12 feei oc~ur ovar 20 per cent o
a7 time. Thims region ex*enu. ~vuward into

the Qulf of Alasku wivn & tongue southess.ward to
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the northeast of Hawall that reflects the
secondary storm tracks from the centril Pacifle,
The magritude and frequency of occurrence of high
winds and heavy seru decreases toward the south-
east and south, Lightesat winds seer to occur In
a belt that coincides roughly with the axis of
the belt 5P high pressure across the Pacifle,
extending from the Hawallan Ialsi:ds area westward
almost *to Formosa. thence southward through the
Philippires te Join with the ejuatorial doldrums.
Similarly, the most frequent occurrence of waves
under five feet in height are found in 3 low
latitude belt with arma extending northward in
the viecirity =f the Pacifis coast of North
America ard %0 the north of the Carciine and
Marshall lelands., Wave neights are alsc generslly

itw In the unfrozen portion of the Bering Sea.

In the summer months temperatures below
freezing occur oniy in small sreas north ot 68°
North La“itude. Hence, no suptrstructure icing
may ve expected during the summer anywhere in the
Paciflc.

Storm tracks in the summar mucths diff. »
+ittle from those of winter, a. ~ugh the storms

are much less intense. Storms form off the coast




of Japar and occasicrally in the ¥ellow or

China Seas. Many of these move in through the
Bering Sea across to the northerr tip of Alaska,
but a few form in t.e central Pacific to move in
on the coast of Washington and British Columblia.
These lesa intense summer stérms resuit in a much
lower frequency of occurrence of gale-force
winds, the maximum being reached in the vicinity
of the Aleutians. The Aleutians also mark t.e
acenter of tne region of nost frequent occurrence,
10 per cent of the time, of waves over 12 feet.
This belt extends from Japan through the
Aleutians ¢on into the Gulf of Alaske. A minor
maxjmur of thej. waves 1§ located west of the
Canal Zcne, and they sometimes occur off the

California zoast.

The senter of maximum frequency of ceccurrence
of wavea cover tive feet in height is loocated
southweat of Kamchatka and extends eastward
intc the Quif of Alaska and aow. the coast to
central California. The central California
maximum {s a product of the strong high pressure
cell that exists to the west during tne summs.
=onths. 8Still another sw. * "aximum occurs

along the China ncoact




As 1n the wintertime, the mid-latitude belt
of the lowest wind speeds, and consequently
lowest seas, corresponds to the axis of the high
pressure system whlich, in the summer, is found
between 30° and 35° North latitude. This belt of
low seas and low winds tbeﬁ 31rs southwestward
tc the minimum just north of New Guinea where
it Joins with the equatorial doldrums.

3. South Atlantic

The relative positions of land and water
in the northern hemlsphere are esgantially
reversed in the southern hemisphere with a
resulting simplification in the dis.ributiovn of
the patterns of the climatic elements as shown
in Pigurcs 8 to 12. The Antarotis continent,
centered almest on the South Pole, 1s surrounded
by ar ice pacic, whilch in the winter extends out
to about 65° South Latitude ir the Pacific and
£6° in the Atlantic, and in the summer recedes

salmoat to the shoreline.

The southern hemiasphere helt of super-
scructure icing exterds outwerd seversl hun'.-d
mtles from the edge of the . - nack. Such icing
can ocour at any time ¢ the year, bdut the
provability of occurrence in the summer is much




lower tran in the other seasons. The mean
position of the vocundary of the freezing alr
corresponds roughly with the outer edge of tue

superstructure ici.g belt.

Ir. the winter the belt of strong winds and
heavy seas arcrhes across the South Atlantic from
south of the southern tip of Africa west-
northwestward %o the center of the ocean and
then southwestward to the tip of South America.
Galc wirde occur in this belt approximately 2C
per cent of the time and winds less than ten
knots occur less than about 10 per cent of
vhe Lime. Seas in this belt are filve feet or
greatcr trom 5C to 80 percent of the time and are
greatar than twelve feet over 50 per cent of the
mime, A band aof light winds occurring 50 per
cent or more of the time coincides with the axis
of the South Atlantic high pressure cell dbetween
20° una 30° South Latitude. Light winds also
occur aling much of the ccaatr ©f Africa and
South America and in the doldrums near the

equator.,

The sumgertime axis ¢f ragh winds and =zavy
s<88 18 only slightly further . %h than 1t 1s

in th¢ wintertime. However, the frequency of




gale winds drops off to about 10 or 12 per cenrw,
the frequency of seus flve fee®, or greater drops
off to 40 to 70 per cent and the frequency of
seas twelve feet cr greater drops off to 20 to
30 per cent. Winds and scas decrease margedly te
the north, those winds near the South Atlantic
igh-pressure cell at 20° to 30o South Latitude
being under ten knots nearly 7C per cent of
the time. Along the equatorial coast of both
Africa and South America they are less than ten
knots as much as 95 per cent of the time. Seas
¢f greater than five feet occur less than 10

per cent of the time north of the 25th parallel.

4, South Facific

The belt of maximum winds across the South
Pacific in the wintertime exiends approximately
east-west from the coaat of Chile to Lhe southera
tip of South Island. New Zealand. One maximum of
reequancy of occurrence of gales (over 20 per cent)
1g located on the 4Oth parallel and a second is '
located on the 53rd parallel Jjusc o:f the coest
of Chile. The belt of highast frequency of
occurrence of wave heights five feet or grewcer
coincides with this belt of gale #inds. Poon
this belt both seas und winds decrease southward




to the ice pack and northward to the ejuatorial
doldirums. North of 20”7 South Lacitude, wave-
heights exceed five feet only about five tc 20

per cent of the tine.

In the summertime gale-~force winds occur
about 1C per cent of the time in a band between
about 50° and 55° South latitude, and the axis
of the belt of nigh seas lles about on the 55th
parallei. Here, seas greater than five feetl
occur 70 to 8C per cent of the time and swells
greater tnan twelve feet between 40 and 70 per
cent of the time, As in the winter. both winds
aniy seas moderate both to the scuth and Lhe
north. Tne %elt in which winde are moat fre-
quenvly ten lrots or less extenda acroas the
Paciti: from the 20th paurallel on the cast aide
to the 15th parallel on the wes: side, However,
lowes', wind speeds occur aiong the northern half
of the 3South American coast and in the western

extresmit.iea uf the tropical racifle
5. Indian

The east-west belt of gsie-force winde
found in the Atlantic anu .” ~1fic continues
across the South Ind<.: Ocean at Datween 40" and

55° south. QGale-force winds in the winter occur
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from avcat eight per cent of the time south of
Australia to a marsimun of 20 per cent of the time
at or near 42° South Latitude, 40° East - Longitude.
In the correspondin, belt of heavy seas, helghts
five feet or greater cccur from 50 to 75 per cent
of the time. There 1s the usual sharp dropoff of
winds and seas further north, A belt in which
wind speeds cf ten knots or less uccur approxi-
mately half the time extends across the Indian
Ocean st 30° south, However, the most [requent
occurrence of jow wind velocities is essentlally

right on the equator,

in the summer the position of the belt of
hign winds and seas anhifts siightly southward, butc
the fremqiency of gale-force winds decreases
relarively iivtles. That the winds dscreuse in
sverage in%ersity 18 confirwed by a decrease in
the frequenry of seas five feet or greater o
about 40 per :ent and of thoase over 12 feet to

about 3 per cent.

The seasonal change in winds sl cewd in the
North Indian (cean is reversed from that of the
other oceans. Gale-force vinas are almost
Jarikaown in the winter, and hign . 8, cven those

of only five feet or 20, occur less than two per
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cent of the time. In the summer, however, the
frequency of gale-force winds in the Arsbizn Sea
Just east of the east tip of Africa increases

to over 30 per cent and wind speeds of ten knots
or less occur less than 10 per cent of the time,
The correaponding seas in this area are five feet
or greater 70 per cent of the time and twelve
feet or greater 10 per cent of the time.
However, theme heavy =cu3 and 1trong winds drop
off sharpiy toward the southern tip of India
and seas of twelve feet a::d grester are almost
unknow:i from tiie south cdge of the Arabian Sea

eantwird tc Sumatrs.

Summary Of Significant Climatic Peptureg

1. Average wind speed, Irequenzy of oscurrence
af £nis fossn winde, avarage heights of zeas,
and ‘requercy of occurrence of hig). ssea all
tend to increase with latitude to & waximum
vetwaeu 407 and 65°, and ta he higher in winter

thar ir, summer.

2. S tce is an important factor In the
winter ir the highes latitucdes of the Nort
atlantic ani the South Atia. ‘-~ Paerific, end

Indiar: Oceans. Mo .lgaificant amocunts of ses ice
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are found in the Neorth Atiantic in th: surmer.
In the summer in the southern remisphere saa ice
recedes almost to tha Antarctic zontinent but

does not dlsappear.

3. A belt of probable superstructure icling
3everal hundrea miles wide borders the edge of
the sea ice in both hemispheres in winter,

This belt disappears in summer in the northern
hemisphere and decresses markediy in the scuthern

hemisphere.

4. A peit of nigh pressure is found in all
bur. the North Indian Ocean ot about 30° to 35°
latitude. Tne nhigh-pressure cells are ususlly
atrengeat 1n summer and weakest in winter in
t.he noxrthera hemisphere, but they show l1ittle

aesdonal coange in the sovutherr hemispnere,

5. The climate of the west coasts of continents
bordering the eastern periphery of the high-
prassure s#lls 1s either arid or se.i-arid and
axperiences & high incidence of {72 »' low

clamAs,

G. A beit of low press-a exists av highe:
latitudes in gll oceg~s. Storma 1n these -alta
are substantially stronger in winter than in
summer, Strong. but shallow end very cold, high




pressure cells are l1ikely to be Jlocated over land

at the same laticud:s in winter.

7. Africa, Austrrllia, most of New Zealand and
the majority of South America are =lmanrt frea af

anow and freezing temperatures, even in winter.

8. The continent of Antarctica, the island of
Graenland, and portions of the northern rims of
North Amerlca and Asia are perpctually suow
covered, or nearly 8o, and are subject to

blowing snow when winds exceed 30 lnots.

9. The preponderance of arid and hyperarid
~limater are found in the northerr half of Africas

and 1in southeastern and centrai Asia.

1¢. - In lomy 1¢t1tudea; the areas receiving the
moat reain and having the greatest amount of
thunderatcim Activiuy iie winhin the ares
fretjuented "y the intertropical convergence sons
{“etween Lhe high-pressure oeits of the two
hemispheras) or at the ;outhiist and wust ends

of subtropicel hign—prosuure.celkn on the eant
side of coniinents, In higher 1.€1cude3»nhc reiny
Areas are within the subnalar stors oy low.
pressure belt, partictlatly on v wesl gilder

ol contisnente.
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CONTINENTAL ENVIRONMENTS

(1) Classification or Na:ural Feabures

T development of the natural environment for
overland operatlions of Ground Effect Machines requires
consideration of the wide varlety of geographic terrain
and climatic elements prevalling throughout the land
areas of the world. In order to provide a basis for
aﬁalysis of these data, some compromlse must be made
between the extenslveness of the factors considered

and simpliclty of presentation.

Baged on the unique performance and operating
carabilities inherent in the GEM concept, the following
basic geographic elements were consldered for overland

operations with Ground Effect Machines:

1. Altitude ranges
2. Slopes of surface terrain
3. Drainage features
a. Coastal stream valleys
b, Inlard stream valleys
¢. Other drainage features
4, Vegetation and surface ccver
a. Dense forest
b. Brush
¢. (Gracs and meadow

d. Cultivation
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e. Swamp and marshes
f. Other

5. Evaluatlion fo. cross-country operation of
conventicnal tracked vehicles

6. Special features pertinent to QEM operations

The disuvrivubiuvn ¢l aitltudes for the terrain sur-
face ﬁas consldered because of its inlluence on the
power output of the power plants wirich are anticipated
to be uszd in most GEM vehicies. The breakdown of

altitude ranges was as foilows:

Below sea level

0 - 1000 feet
1000 - 3000 feet
3000 - 5000 feet
5000 - 10,000 feet
Over io.ooo feet

The distribution of the slopes of surface terrain
is an'importans element of the UEM environment. The
provision of sufficient power for traversing areas of
sloping surface is a significant basi< “=:.1_.n require-
ment for the Ground Effect Machine, The breakdown of
surface terrain into region® ¢ slopa iistribut. . was
28 fc.iows:

0 - 10%
10 - 30%
Over 30%
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At the present stavo-of-the-ari of GEM develop-
ment, slopes of less than 10 per cent are not anticlipated
to add appreclably to tk? installed power requlrements
for normal operations. Slopes of 10-30 per cent will re-
quire sp2cial consideration in the design of vehicle
power installations and, in some cases, will be marginal
for all operations, since the power required toc navigate
slopes of tnis range will be a significant fraction of
the total power requirements. Slopes of 30 per cent and
greater require the expenditure of so much power that
the value of the GEM system is negated. For the present
analysis, therefore, all areas where a large percentage
of the slopes are over 30 per cent in gradient are con-

sidered to be beyond the range of any GEM operations.

Because of the unique capability of the Ground
Effect Machine for operation over both land and water
surfaces, the use of stream valleys as avenues of access
to inland areas and as transport corridors in these
aresa 18 considered to be quite important in the over-
all OEM cperations picture. Data on stream valleys
reaching the coastal areas have been int<yirated into
the other material being developed for coasta. and
amphibious operations. The use ol ianiand atrea.
s8lleys affords in many areas the .. " routes ir
otherwise inaccessible terrain. Data relating to

these features includes the frequency of stream velleys,
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the mean width, and a quaiitative notation of the steep-
ness of the banks. The frequency data were used to
determine the relative acressibllity of areas through
stream valleys. The width data provides information

on possible limitations of vehicle size; and informa-
tion on steep banks indicates areas in which stream
valleys can be used, but without exits to the surround-
ing terrains (where banks are steep and high, the GEM
cannot climb out of the valley).

Special drainage features were also considered to
provide additional data for operation in theze areas.
Among the features considercd were swamps, marshes,
canals, irrigation ditches, rapids and waterfalls,
glaciers and ice cover, areas of intermittent streams,

fiords, and areas of underground drainage (karst
topography).

Data on surface cover by vegetation provides addi-
tional background for determining necessary operating
heights of the vehicles. Aresa clacsified as dense forest
ia that where growth is too tall %o fly over, to0 closely
spaced to travel between, and of suffioclent densaity to
requirc large-scale clearing oparstions (with bulldozers
and powsr equipment). Vegeta.. = nlassified as biush
does not have the heoight, 6:qsity, or spacirg character-
istics of that indicated as forest. Notations as to the

normal height distribution or spacing of such cover was
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added to the percentage breakdown. Vegetation described
as grass includes areas of savannah with widely scattered

tall trees and other brush.

Cultivated areas include irrigated crops, root
crops, grains, and tree crops, with a notation of the
normal height of the crop during the growing season.
Swamp and marsh areas include vegetation appropriate to
such regions (in some cases, mangrove forest and other
dense trees). Other forms of vegetatioa and ground
cover include barren rock, ice caps and glaciers, lava
flows, and desert and semi-desert vegetatiocn, 53 well .

as areas of dunes and loose sand.

The evaluation of an area for cross-country onera-
tions provides a further check on the significance of
all the precedlng features, as well at one standard by
which GEM capabilities could be compared with those of
other vehicles. FPor purposes of this study, the
standard unit of corparison for cress-country operations
is & 1ull tracked vehicle, exemplified by the medium
tank type. Areas unsuitable for cross-country opera-
tions with tracked vehicles were specifi:d as a percen-
tage of the total land area within the particular
geographic unit, and notetior. ¢ the primary crosas-
country obstacles was mudc: e.g., steep slnpes, dense

forest, rough ground, etc.
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In.addition to all the forezolr.: items, special
features consldered to be pertinent to the operations
of Ground Effect Machines have been listed in separate
notations for each of tre geographic units in which they
are found. There features are those which will have a
primary Influence on operating requirements and design
parameters for GEM vehicles in a given arva. Primarily,
they are terrain obstacles which may include cultural
features such as road embankments and irrigation ditches.
However, military obastaclem are not included in this
breakdown (for which, see discussion under Combat
Environment, Chaptei- III). Complete discussion of
these features ls given in the area summaries; a few

examples, howevel, are listed below:

Place Feature Useful Number
Malays Rubber Separation of trees

plantations 15-30 feet

Saharg Desert Sand dunes Lozlggo§83)3o—6oﬁ

Arablan Sand dunes I1se slopes to 1008
Peninsula (450)

East China Rail and road Height 3-6 feet
embankments on atuve »lain
flood plain

Thailand Rice paddies Dikes 2 feet high,
3 fset wide, spaced
,bout 100 feet.
®addies are 4ry
during the non-
growing season.)

United Kingdom Hedges Reight 4-15 feet
& Ireland
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U.K. & Ireland $tone walls Height 2-6 feet

Belgium & Irrigatior E-u feet deep by
Netherlands ditches -8 feet wide.

Larger canals S5 feet

deep by 15 feet wide.

Italy Hills! le Terraces 3 feet high,
cultivation with wallc 2-5 feet
Finland Eskers Earih ridges with

slopes of 50-70% up
to 100 feet high
extending for
5-15 miles
Numerous other features of similar kind have been
described, and are contained within the data for the

specific geographlc units,

The geographic data for terrain, vegetation, and
the other festures listed above are commonly available
in terms of political units, and the data have deen
recorded in this manner. In order to facilitate corre-
lation with the climatic and weather data discussed
earlier in the chapter, these political units have been
further broken down into the climatic zones. The data
appendix (Appendix B) lists political units, climate
zones, and the area of each climate gon: wi*hin each
political unit. This breakdown of dats units allows a
wider range of spplications for the dsta element . so
that analyses and summaries can .. “evelioped on any

desiied dasis,
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The remainder of %“his section ircludes a discission

of the world-wide natural environuentc for overland opera-

tions of military vehicles, slanted toward the Ground
Effect Machine only to the extent that factors not

signlricantlx affecting GEM operations (e.g., bearing

strength of soils) have been neglected. The discussion

ls presented in terms of continental land-mass areas.

A few of the most important data elements from Appendix
B have been sumarized in Table 5. 'These elemen%ts are
among those considered in the dlscussion; the numerical
tabulation merely highlights the over-all geographic

framework for overiand opemations.

A generalized umap of world-wide suitadbility for
overland OBM operations is given in Figure 13. This map
was derived from the prepared environmental dsta of
Appendix B. In a very general manner, it represents
the areas of the world which are suitable for various
kinds of OEM operations. The four categories included
in the figure are:

1. Unrestricted overland operations - flat lands,

few obstacles, barren or grass ccvered,

2. Limited overland operations - flat and .ertly
hilly lands, many obata.. ° barren, grass,
or brush coverei, stream valleys within aresa
at least partly usable, and dbanks do not fom
major barriers.

«112-




0s ~

L A

[ £ s (1} L ] "8 48 - P800
aze wy
swesne
001~ A L334 #20u suou suon 4 01 totteoz| i o o s s~ IMIrewy
wirexiEMy|
oY 23
<t ~ ‘X3 09~ ¢ [ 14 g ¢ T'e 1°o T B £°0 1°08 [ 113 om0
s§ - $L-0% L] TC g€ [ 4 9 i 4 [ 21 § Tt £ L s I8 L ] oWy Qrog
0s <9 a8 Lxoa Bau e ] Lo T8t 8y .y 5 08 e 3. Sy paog
ST ~ SL-~ avg L1na s $°t [ 11 L 4] 1z £°0 L3 ] 9 (2954} sHgy
09 ~ $9- a9 L13a a's £ T $°0T 1°8t *e e [ o7 ] 90t “1¢ b iandy
ss - 09~ w93 L2124 [ ¢ 4 8°s [ °n [ 34 ¢ 1°0 [ B ] i 1’98 [ uosn
sy - SL~ Moy £23a [ 38 ] oy T | 3 - 4 9t -zt g0l M 8470t (2880 125 wisy
oS ~ oS -0y YA Sd Bou [ 4 st T | 2~ 4 0 | ot *L8 €00t (WESN 1573) sdasey
(F9PPIYRA DIYORN)|  purquy) bpim ‘Y og>| Swump 3 | dureas | isssop
siqunsun [syuwq dadis| saaalz (ues 92001 | ¥ qrrew} swuap [ %< os-o1 o<l oi-s i > 1w “be
—4 T [ YN ] WBUTIN0 D)
£Lyrrqory 13u9D aad) {s¥muscaad) (o83 sad) (‘% 0001 -We> _ad) asy
£runol w0y aBwureag CONNQLIING 9 LIy

22400 PUTIID B vORIREes ,wae InqIINq adolS

a0 L




00

(]
7 -
4%%¢uﬁ

. 2
: fﬁ%%%

777000 R W 'O
el //////’////

T Y i

LEGEND

UNUMITED "WERLAND OPERATIONS
LIMITED OVERLAND OPERATIONS

Sl OPERATIONS ON INLAND WATERWAYS ONLY

B NO OPERATIONS
BASE MAP AMS-1107

* AR

RN




FIGURE 13
Suitability for Overland GEM Operations

. -“
g
e
W

P m

/////////////// y j;?"'lfz.v )




3. Inland waterwsy operatiori only - forested
and rough lands with wide waterways provide
GEM access to most of area; GEMs will not
generally be able to leave stream valleys, in

some places restrictec to water surface only.

I, No OEM operation - forested and rough lands,

including areas of steep slopes, where (GEMs
will be usable only for very limited local

operations,

The Antarctic region is not included in Pigure 13,
but in general the interior glacier areas of the Antarctic
Continent will be available for limited operation of
GENs equipped with snow-rgnoval devices, navigation
equipment, and cold-weather kits. (See Induced
Environment, Chapter III.)

This map is coordinatied with Pigure 14 followir,
page 171 indioating suitability of coszstal areas for GEM
operations. Accordingly, Mgure 14 should be referred
to for a generalized assessment of operations in the

coastal regions.

Nnte: Pigures 13 and 14 are intended as generalized
appraisals of suitadility for “™W operations anly, and
should not be used to plan =necific operaticns in any

given location.
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(2) Natural Features of World Continents

1. Eurasis

The Burasian land mass extends through 210°
of longitude and includes more than one-third of
the total land area of the earth. Climate features
and influences have been treated on a unified
basis in Sedtion 2 of this chapter. In order to
provide additional clarity in the discussicn of
wiiitary geography, some further breakdown of
Eurasia is desirable. The o0ld Burope-Asia boundary
at the Ural Mountains no longer has much meaning
because of the eastward development of the Scviet
Union. In fuct, the vast land arca c¢f the U.S.S8.R.
(more than 8.6 millicn square miles), and its
divergities from both Eurcpean and Asian neighbors
leads to a convenient three-way division. This
chapter, then, discusses military geography as
related to GEM operations for:

Burope (without U.8.8.R.)
U.8.8.R., and
A.i. (nmﬂ“e u.’-s.u-).

This is the breakdown now veing generally ad.pteid
by the geographere.

«116-




(1) BRBurope

Europe (without U.S.S.R.) is a compact
triangular cor.tinent of just under 2 million
square miles, Because of the dense urbaniza-
tion and industrial development in Western
Burope, cultural features have a signi’icant
bearing on the over-all military geography.
Even no, the diversity uf terrain and vegeta-
tion throughout Burope remains the major
influence in defining the natural environment
for operation of the Ground Effect Xachine.

The physical geography of Burope includes
&n almost equal division of lowlands and high-
lands. The highlands consist of three belts;
the nortihern highlands extending through most
of the Scandinavian Peninsula and reappearing
in the British Isles; the central highlands
of eastern France, ¢outhern Gersmaly, and
southern Poland; and the s~uthern highlands
of the Ibverian Peninsula, Switizerland, Italy,
Yugoslavia, and Greece. DBetwsen the northern
ard central highlands sre large central low.
lands, the "heartir +" of Kurope. Smailer
Nediterranean ani eastern lowlands fiii out
the continent. The rugged subarctic island
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of Iceland ‘s tneluded in the éféaldf Europe.
Its glaciers and lave flows do not allow

any extensive cross-couniry operations.

In terms of military geography, these
divisthans are very significant. The northern
highlands in Norway and Sweden are a rugged
chain of mountains with slcpes almost every-
where greater than 30 per cent. These moun-
tains are extensively cut by fiords on the
western coast, with cilffed walls xlsing
precipitously from the water's edge.

Eastern slopes of the Scandinavian Peniusula
are steps down to a hroad forested lowland,
which includes much of 8weden and most of

~.

Pinland.

In contrast to the northern highlands,
the central lowlands provide very little
topographic variety. In Denmarie, northern
Germany, Poland, the Berelux countries and
western Franca, the terrain 1s almost
everywhere low and gentle, with about 60
per cent of the area having slcpec lesa
than 10 per cent, ™e Britinh Isles have
some rough uplanis hut may ve included in

the central lowianas region.
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The ceriral highland» in eastern France
and southern Jermany are not as rugged as
those in the northern or southern parts of the
continent. In the east they become the
Garpathian Mountains of Poland,
Czechoslovaklia, and Romania. The central
highlands merge with the southern highlands
in the Alps, a formidable mountain barrier
extending from southesast France across northern
Italy and into Wugoslavia, andvcontaining
most of Switzerland and Austria. The Alps
reach 15,000 feet in height and are every-
where a severe impediment to military opera-
tions. The extenslions of the southern high-
lgnds into 8Spain, Italy, Yugoslavia, and Greece
are not as high, but just as rugged as the
Alps.

In addition to a narrow coastal plain on
the Mediterranean coasts of BEurope, thers i3
a densely developed lowland in the Po Valley
of northam Italy, and droad, almcat

featurelese plains in Hungary and Roumania.

Numerioai datr ~m Ruropean terrain fea-
tures are includc? ‘n Appensix B, and
suamarized in Table 5. Less than 3 per cent
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of Europe ia situated at ~.titudes above 5000
feet, and this is all in mountain areas.
About 90 per cent of the area between 3000
and 5000 feet altitude 1s also in areas of
steep slopes and rugged terrain. The over-
all division of slopes in Burope is: 0-10
per cent slope, 52 per cent; 10-30 perfacent
slope, 25 per cent; over 30 per cent slope,

23 per cent.

Drainage characteristics of Burope
consist of many small rivers witi & [requency
of 15-4C miles. In about two-thirds of the
area, these are over 60 feet wide, dut in a
feow plac;s they are less than 30 feet wide.
Banks of river valleys are not ggﬁhrully
steep except in mountain areas. fhe banks of
rivers which have been canaliced are mostly
steep, 30-100 per cent, and up to 10 feet
high. In Spain, Portugal, Greece,
Switzerland, and Austria, most rivers are
narrow, rocky, and have ste~, baqls: thus,
they casinot bde used as access routes in these
areas. Waterfalls arnd .,apicds are come 2 on
the eastward flowing :. =~ o the Scandinavian
Peninsula, while those on the west are
mostly steep mountain streams emptying into

numerous fiords.




Most of the larger rivers of Europe have
artificial channels and are connected by
nunerous canals. This network provides many
water routes through Prance, Germany, Poland,
Hungary, and the Benelux countries. Many of
~ the canals have widths of 30 feet, with
steep banks.

In western Yugoslavia and Albania is a
large area of karst topography with subsurface
drainage, and almost no streams. The rough
surface of this area has many sinkholes and

rocky areas.

Vegetation in Europe includes a dense
foreat belt in the north and many saall
forests scattered throughout the rest of
the area. Dense forests cover 35 per cent of
Burope, 1ncludin¢ 15 per cent in nomu_ino\u
areas. The lowlands of Burope are extensively
cultivated -- croplands cover more than 38
per cent of the continent. MNost of the areas
have vegetation cover not exceeding 4 feet
high in growing seasons. 4drasslands and
pasture cover about °© ver cent of Rurope.
Narshes and bogs ure common in Finland and
southern Sweden, ani also ocoupy extensive
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areas in Ireland, Czechor" ;vakia, and
Romania. There are very few desert areas
in Burope, but sand dunes are common oi
the coasts of France, Belgium,
Netherlands, and Denmark.

Because of the dense urbanization of
Europe, -cultural features are important in
military geography. Included among these
features are the many irrigation canals and
ditches of the lowlands in northwast Europe
and on the eastern pvlains. Most of ﬁxeee
are 2-4 feet deep and 3-10 ‘feet wide, but
some are up to 10 feet deep and 30 feet
wide. Earthen banks have slopes of 100
per cent. Dikes and embaniments up to
10 feet high are also common. Another
cultural feature is the large numdber of
densely bullt-up manufacturing cities, where
oconcentration of dbuildings along narrow
streets is an odstacle to movement. In most
areas of western Burope, the e¢xicting reil
and highway networks provide good transporta-

tion routes.

These terra!n, drainage, vegetation and
cultural features may be tied together by an
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evaluation of the over-all cross-country
mobllity. Using the conventimmal tracked
vehicle as a reference base, cross-country
suitability ranges from 95 per cent in Poland,
down to 25 per cent in Norway and Sweden.
Throughout the continent, about 50 per cent
of the area is sultable for cross-country
operations, Tﬁe remaining 50 per cent includes
steep and rugged areas -- 30 per cent of the
total; dense forests 12 per cent, wet and

- marshy ground about 3 per cent, and other
unsuitably terrain about 5 per cent.

Throughout Europe are a number of
special features which may be especlally
pertinent to GEM operations. These include
the many canals and ditches previously dis-
cussed. In northwest Europe and on the
Mediterranean islands, walls and hedges are
common along roads and bordering most flelds.
Stone walls are commonly 4-6 foet high and
2 feet wide. Hedges may be p to 15 feet
high; in France some are on earth embank-
ments. In the eastern plains, roads ¢ u
railroads are often .. 't on sarth embank-
ments. Hillsid~~ in Italy and Greece are
terraced for cultivatioh, with steps 2-4 feet
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hign and 10-30C feet wide. In Flnland are
a number of glacial eskers -- steep earth
ridges 3-4 mil~s apa~i in the south, with
sliopes of 50-70 per cent and extending for
5-15 miles. The surface of Iceland is
covered by rough lazva flows. In almost all
cases the 1slandn>orr the Atlantic and
Arctic coasts of Furore have no areas
suitable for GEM operatvions except in the

coastal regions,

The ge~eral military geograpiiy of
Burcpe, with most lowlard areas highly
urbanized, does not offer much advantage for
OGEN operations. Because of tlie existing good
transpcrtatior network, the GEM is not ex-
peotud to find a major use for overland
opacations except in limited areas. During
th: sprirg thaw, however, many of the low-
lands aveas are soft and wet; and under these
circulgtancol OEXs may dbe used to advantage.

(2) v.8.8.R.

" The Union of Soviey Souialist Rej tlics
ocaupies more than one-. "snth of the «arth's
land acea. The U.8.8.R. stretches across
the top of Eurasia from the Baltic Sea to the
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Bering Sea, nezrly 7000 niies. Its vast
territory encompasses the East European
Plain, the Ursl and Caucasus Mountains,

the frczen Siberlan Plain, and rough Siberian
Uplands; along most of the southern
boundary are inhospitable mountainous
regions. Quite apart from political
implications, the vast and comparatively
i1solated land ares of the U.S,.8.R. 1is
worthy of separate consideration in respect
to the natural environment for the Ground

Effect Machine.

The‘U.S.B.R. can be divided into five
regions for analysis of military geography.
The western part of the U.8.8.R, 18 a
continuation of the part of the Hentral
Buropean plain. Ninety per cent of this
area lies below 1000 feet and has slopes less
than 10 per cent. In the south and east,
there is a mountain fringe. The southern
mountains, the Caucasus. fowa @ .wgged
boundary between the U.8.8.R. and Turkey
and Jran. The centrel Caucasus barrie. uan
be circumvented by the . -~% Nea énd the
Caspian 8ea.
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The southsrn section. of Soviet Central
Asia 18 predominantly an arid lowiand, bordered
by mountains on the east and south, and the
Caspian Sea depression on the west. This
region is 25 per cent desert. The‘northern
section of Soviet Central Asia contains the
Ural Mountains, and most of the Great
Siberian Plain, a vast cold lowland. Almost
90 per cent of this region has slopes of

leas than 10 per cent.

The eastern Siberian Uplands area,
bordering on Mong. ia, China, and Kores, is
the largest physiocal division of the U.S.8.R.
This region 13 an area of plateauc and low
mountains, bordered by a froszen Arctic coastal
plain. Except for this coastal plain, the
Eastern Siderian Uplands are TO per cent
hills and mountains, with slopes exceeding
30 per cent in about one-thiri of the area.

The over-all terrain chars.teristics of
the U.8.8.R. are troad plains moitly below
1000 feet, divided by the rnorth-south Ural
Nountains, and Lor “*»z1 on the south and east
by rugged highla:1s. Of the totsl a.ea of
8,650,000 square miles, 15 per cent has
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slopes greater than 30 pecr cent, and 22 per
cent has slopes of 10-30 per cent. Two per
cent of the 1lrnd area lles gbove 5000 feet,
but this is mostly in mountain areas with

steep slopes,

The drelnage charzcteristics of the
U.3.S.R. reflect the diversity of climates
and terrain within the region. In the .
southern part or Soviet Central Asia most
streans are 1nterm1tt§nt and dissipate in the
desert basins. Throughout the rest drbthe
U.8.3.R. are distributed a number of large
rivers from 30-100 milea apart. Most of
these flow northward to the Arctic, but the
Volgs, Dnepr and Ural Rivers flow south to
the Black Sea and Caspian Sea. Rivers are
generally over 100 feet wide, except in the
mountains. Banks are gradual in the
plains areas, dut steep in the mountains and
arid regious. The north-south rivers of the
U.8.3.R. are used ae commev:in]i raterwvays
during the summer monthe. Rivers are froszen
solid from November to May ln the nor-h,
and from Decemder to ... “» in the aouth,
Often the ice-cuvered surface is rough; ice
Juas form during the spring thaw.
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The northern plains ave many marsh
areas, which are quite impassable when thawed.
In addition, there are irrigation ditches
along rtreams in the arid regions of the

g Caucasus and Soviet Central Asla.

Vegetation follows the climatic bands,
with stronger latitudinal 1:afluence than in
" other reglons of the world. The Arctic
coastal plain is mostly covered with barren
tundra or sparae brush. Adjoining this 1is
a wide foreast belt, with dense forcsts in the
western area, and brush woods toward the
eastsrn regions of the Siberian Uplands.
Altogether, dense forssts cover 20 per cent
of the U.8.8.R. South of the forest belt
are the grasclands of the Siberian steppe.
In the western region, the steppe is exten-
sively cultivated (50 per cent of
European Russie). Scattered among tho
forests and grasslands are numerous marshes,
6 psr cent of the total area nf .)e U.S.8.R.
These are predominantly frozen for a few
months during tlwe winter. Earren dese: "u and
sparse desert vegetati.. -~vers the sovthern
part of Soviet uuntral Asia. Twenty per cent
of this region is covered by low sand dunes
(3 per cent of the U.5.8.R.).
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Cultural features are verv limited
except in the western industrial and agri-
cultural areas. Limited irrigation features

are scattered throughout the drier regilons.

The over-all evaluation of the U.8.8.R.
in terms of cross-country operations indicates
that about 45 per cent of the area 1s suitable
for operation of conventional tracked
vehicles. The dry reglons of Soviet Central
Aslia are generally suitable for cross-country
operationas. In other regions, cross-country
capability ranges from 25 per cunt in the
rough Eastern Siberian Uplands to 60 per cent
in the central plains. Summary Table 5 shows
that the main factors influencing cross-
country operations are steep eslopes, forests,
and soft ground. The Arctic tundra is
suitarle for cross-country operations only
when frozen (6 to 8 months of the year).

9EM operations m‘féb'a U.8.8.R. would
be generally unlimited in the broad plains
regions. Where the plains are dersely fcrested
in the west, river valleys could de usud.
The desert regions arouna ..¢ Caspiau 3sa
weuld not provide much obstacle %o kNMs
Because of their low ground prassu, diNs
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could operat: v the tundia even when it

is thawed. By the use of north-south river
valleys (elthe* frozen or open), GEMs could
reach most aveas of western and central
Siberia. For operations in the northern
areas vehicles would need protection against
the effects of cold, and special considera-
tion of the rough ice surfaces likely to

be encountered.

(3) Asia

Asia is the continent of great
diversities: climate, population, economic
development, and military geography.
Determination of the natural environment for
overland operations of the Oround Kffect
Machine requires integration of the climatic
and geographic elements. It has bdeen
presumed, in addition, that any detailed
aralysis of military opsraiiona in Asia must
consider the significance of the diverse
population distrilution and economic

development level withis this vasiL corttuent.

Climatic influence. - Asia have deen
discussed in Se~tlion 2 of this chapter. The
contiast bLetween the arid interisr and wet
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coastal reglons has a significant influence

on pctential GEM operations. Equally signifi-
cunt 18 the diversity of terrain and vegeta-
tion elements, which are interrelated witu the

climatic factors.

Excluding the territory of the U.S.S8.R.,
Asia remains a continental land mass of
immense proportiona. It atretchgs from
Turkey to Japan, from Morgolia to Indonesia;
with a total land area of 10.7 million square
miles, including the island fringe.

The physical geography of Asia 1s
centered on a high central plateau surrounded
by rugged mcuntain chalus rediating eaat,
west, and south to the oceans. East and west,
the mountalns form most of the boundary
between the U.8.8.R, and the countries of
Asia. On the west these mountains extend
through Afghanisten, Iran, aind Turkey,
dividing the arid Aradilan Peninsula frum the
equally arid central Asian deserts. iast-
ward the mountains stretc“ across nurthwent
China and Nongolia. A sccond eastward-

extending range, the Himalayu.. 1solate
the Qohli Desent and the Plateau of Tibet
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from the ros* of the eontinent: then turm
southward to form the rugged backbone of
Burma, Theiland, and Indochina. Rugged
highlands are prominent throughout the rest
of the continent, particularly-in Korea and
the i1sland fringe - Japan, the Phillippines,
and Indonesia. Almost everywhere the high-
lands descend abruptly to coastal plains
which are densely foreated or cultivated;
A few broad lowland valleys exist in Iraq,
Pakisgtan, Indla, Burma, Thailand, Indochina,
and eastern China. These broad lowlands
arc literally filled to overflowing with

humanity and densely cultivated areas.

Asla 1s the highest of the continents,
except Antarctica, with a mean altitude of
more than 3000 feet. About 11 per cent cf
the land area is between 5000 and 10,000 feet, 9
per cent between 10,000 and 15,000 feet,
and 4 per cent above 15,000 feet. With the
exception of umal) areas on the I-anian
Plateau and the western parts of China, most
of these highlands sre in mountainous 2-eas.
The large rcugh Plate.. ~f Tibet has an
altitude of 13,000 to 13,200 leet, but it is
entirely encircled by rugged mountzin ranges.
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The rugzed backbone o Asla ls assuciated
with areas of predominantly steep slope.
Slopes greater than 30 per cent are found
in 25 per cent ol the continental land mass,
and slopes cof 10-30 per cent make up 25 per
cent of th? area. In addition, many of the
plateaus of central Asia are isolated
by one or more mounta.n ranges. Appendix
3 contains altitude and slope duta for all
the countries of Asla, coordinated through

the climate zZonsas.

Drainage characteristiics vary greatly
across the breadth of Asia. Asia contains
some of the great river aystems of the world:
Yellow, Yargtze, Nekong, Irrawaddy,
Bramaputira, Oanges, Indus, and Tigris-
Buphrates. Yet, about one-third of its area
either ocontributes no surface drainage at
all, or its drainage is evaporated in interior

basins,

Although river valleys form major barriers
to cross-country movement in much of southern
and eastern Asia, *“=1r use as potential OEM
acceas routes is “imitod to a few areas.
an China, the Yangtze and Yellow River drainage
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basins have veret flood plsins which from time
to tlme are inundated by floods, forming areas o
of water and mud several hundred miles wide.
Other rivers in China are generally over 60
feet wide, and separated by 30 to 100 miles
exceﬂt in the arid, high, western plateaus.
About half the rivers in China have steep
banks. In Korea and Japan, river valleys

are sepsrated by 5-50 miles, but some are

not more than 40 feet wide and banks are
predominantly steep. In Indochina, Thailand,
anu Burmi, the Mekong and Irrawaddy Rivers
are the primary stream valleys. 'Both have
largs [looded delta areas, exbtensively
cultivated. Banks of these, and the many
smaller rivera are predominantly steep. The
rivers of India are mostly wide, many of them
over 750 feet., The Ganges, Brahmaputra and
Indus valleys are much used as inland water-
ways. In addition, they suppcert huge mumbers
of people., Except in the desert area of
northwest India, stream valle;s are separatea
by 20-100 miles, with banks steep on about
one-half, The rivers on the western s.opes

of the peninsulc of India ..w al) stecp and
rocky .
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North and west of Irdla, the dralnage
characteristics are quite different. Through
western China. Afghanistan, Iran, the eastern
Mediterranean countries, and the Arabian
Peninsula, stream valleys are more widely
scattered. and most streams are intermittent.
Banks of stream valleys are predominantly
steep except in the sandy deserts of Irancand
Arabia. A notable exception to this arid
drainage is the broad Tigris-Euphrates plain
at the head of the Persian Guif. Thece well-
controlled rivers supply a major agriculturﬁl
region. Steep levees encleo=a mort of the
lower courses of the ‘Tigris and Eaphrates,
and their delta area is extensively irrigated
for crops. The Jordan rift valley 1s more
of a terrain obstacle than an avenue of acceas,
since 1ts passage between the Sea of Galilee
and the Dead Sea is entrenched iu a steev,
rocky gorge. Rivers cn the Asian southern
fringe islands -- Talwan, the Philippines,
Indonesia, and New Quinea -- ure moastly
between 60 and 250 fee® wide and have steep
banks.

Many smal.c.  stream vallcys throughout
the coastal regions of Asia could potentially
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be used for Gl amphibioun operations, as

discussed in the next section.

In addition to stream valleys, important
drainege features in Asla are canals, swamps,
and irrigation areas. Extensive coastal
marshes are common in the Philipgines,
Indonesia, along the Malay Peninasula, and in
the delta areas of the rivers of Indochina
and India. PFlood plains of the Yangtze and
Yellow Rivers in eastern China are subject to
inundation by flood waters. Navigation
canals are important in eastern China, India,
and Ceylou. Theee are generally over 60 feet
wide, but some narrou to 30 feet at bridges.
In a few areas, the lower courses of rivers

are controlled by dlkes and levees.

Because of the pressing need for food,
most of Asia's arable lowlands are extensively
cultivated in rice and other crops., Irriga-
tion features are common in most coastal
plains and river deltas. Typical rice paddy
areas are divided into sections about 00
feet square, with _''»-3 2 feet high and 3 feet
wide. The pad4i.s are usually drained during
the nongrowing season. In some places, deep
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rice cultivation is used ¢n flood plains,

with dams 6 to 10 feet high retaining the
flood waters. Irrigation ditches are commonly
1l to 2 feet deep and 10 feet wide, with

larger canals 3 to 10 feet deep and 5 to 50
feet wide. In Thalland, canals 10 to 15 feet
deep and 120 feet wide are spaced 3000-6000
feet in the lowlands, with locks at river
Junctions, Irrigation features are not

common in the Pnilippines, New Guinea, and

Indonesia, except on the island of Java.

Vegetation coverage in Asia reflects
the climatic diversity of the regilon.
Southeast Asia is predominantly densely
forested, while the central Asian plateaus
and mountains are sparsely covered with grass
and brush, or varren desert. Dense forests
covar 22 per cent of Asia, inclulding most of
Indochina, Thalland, Burma, scuthern India,
Ceylon, and Malay Peninsula, and Indonesia.
Soattered forest regions ar: found 4in north-
east China, Korea, Jspan, and Turkny._ By
contrast, Afghanistan, Iran, the Arabdb.»n
Peninsula, the eastern . “iterranaan
countries, northern India, and western Ching




are ";’5 per ccnt covered by sparse grass or
tarren desert. Although dune areas and loose
sand are only ~ sxkall part of the desert
regions, they make up about S per cent of the
total land area of Asia. Despite the pressures
¢f & large population throughout southern and
eastern Asla, cultitated areas are restricted
prizarily to wet or irrigated lowlards.

In addition to irrigation features, the
cultural factors in military geogrsphy are
limited to the lcwlsrnd plains, wiih a mmber
of major citlies, and numercus densely bullt-
uwp "rural” commmnities. In the east China
flood plain, reilroads and roads are on em-
bankments 3 to 6 feet high, and some citiles
are protactsd by dike and lewvees up to 40
feet high. Existing trensportation facilities
are limited to the peripherul areas of Asia.
Japar and India have well-developed reil net-
works, Roads provide access to most parts of
these countries also, as well =2 Lne Chima
coastal areas, parts of Korea and Viet Nee,
and the coastal regicns of Lo eastern
Nediterranesn lands - .. “ov, ledbenon, and
Israel. Some of the less developed regions
of Azia are entirely without highwiys or
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railroads -- Jor example, Iibet, southern

Arabla, and New (Quinea.

In terms of mlilitary operations, all the
above features may be tied together by an
evaluation of sultabllity for croos-country
operations. Using the cross-country capabllity
of tank type vehicles as a i-eference base,
about 55 per cent of Asia is suitable for some
operation. Most of the central Asian highlands
are unsuitable because of steep slopes, and
much of southeast Asia is unsuitabvle because
of forested siopes and marshy ground. Alto-
gether, abnut 33 per cent of Asia is too steep
for cperations with conventional tracked
vehicies, 10 per cent is forested or forested
and rough, and 2 per cent is too wet, or has
soft ground,

All these features have influence on
potential coverland operations of GEMs. In
addition to the diverse patterns of highlands
and lowlands, marshes and deserts, forests, and
irrigated ricefields, a few other featurss
peculiar to GEM opc--~tions may be mentioned.
Slopes of sand durec in the Jdodi Jesert range
W to 60 per cent on the iee side, and likewise
on the Aratian Desert and in Iran. In
Afghanistan, lee slopes of sand dunes are up
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to 100 per eent. Rubber plantations on the Malay
Peninsula and in Indonesia ccomonly nave trees
15 to 30 feet apart, with small ditches between
the rows of t.ees. In some parts of Ceylon,
Indonesia, Japan, and the Philippines, hill-
sides are terruced‘for cultivation. In Aradbia,
0il pipelines up to 3 feet in diameter are
above ground for long distances. Long escarp-
ments are found a few places on the Arabian
Peninsula and on the Thaliiand-Indochina dorder.
And over 1200 miles of the Chinese northern
borders are still guarded by the ruins of the
chnt Wall, 12-16 feet high. The numerous
irrigation features, canals, and dikes have
been previously discussed. These may be signi-
ficant obstacles to QEM operations in lcwland

areas, particularly during the nongrowing
Beason, when the water level is low.

The diversity of Asia's physical geography
generally limits overland GEM operations to the
dry inland plateaus, the Aradian Desert area,
and parts of the Bast China plaia. Inlaxnd
watervay operations would bes advaniageous in
scattered areas of southeast Asia, and .n parts
of the Indiarn perinsula. . :tion 4 ol this
Chapter, dealing with amphidbious and coastal
operations, presants a more favorable picture
regarding use of GENs in Asia.
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2, Africa

The military geography of Africa may be
easlly described 1. terms of desert and grass-
land plateaus, the equatorlal forest belt, and
the eastern highlands and rift valley. The
climatic influences are very strong here, since
topographic features are less pronounced than
in cther ccntincnts. Ncnetheless, Africa pre- e
sents a wide“vnriety of terrain, drainage, and
vegetation features. All of th@ge Lave cignifi-
cant influence on military operitibno. and, in
particular, on the natural environment for the

operation of the Ground ERffect Machine.

Much of Africa 1s a vast upinnd plateau,
tilted slightly up toward the south and gllt. This
plateau is mostly between 1000 and 5000 feet above
sea level., The plateau is bordered by narrow east
and weat coastal lowlands, and a droader Mediter-
rarean coastal lowland. In the northwest the
Atlas Nountains rise in bold relief; and in the
southeast, the plateau rises to 1G,C00 feet in the
Drakensberg Mountains. The esstern edge or the
Plateau 1s marked by the gpectacular rift valley,
and extensive fault “!ne extenu..g frm the
Mediterranean to the Zambezi Jorge in Rhodesia.

-1




4;)!«
TEN

-
s

This rift valley i3 bordered %i the eastern high-
lands of Ethiopla, Kenya, and Tangggyika. The
valley itself contains long ateepg&giied lakes,
and is an effective harrier against east-west
movement. In the south, the plateau terminates
abruptly at tre coast, with a steep escarpment.
The island of Madagascar consists mostly of rough
uplands, with steep eastern slopes, and partly
scarped western slopes descending tc a coastal

plain.

The numerical data indicative of these topo-
graphic features are contained within Appendix B,
and summarized in Tadble 5, as dlscussed in pre-
vious paragraphs. Although 5 per cent of the
African land mass has an elevation of 5000 feet and
above, this is predominantly in uregg_gt steep
slopes, which are "un-GEN-able” in any éaoo.

Only in the high plateau of Ethiopia exiasts
relatively level terrain above 5000 feet elevation.

Areas of slopes over 30 per cent cover adout
13 per cent of the continent, Thuse areas ring
thée central plateau except in the north, and are
predomirant features ir the eastern and southeast
highlands and in Madicascar. ..eas cf 10-30 per
cent zlope are almost evenly distriduted through-

cut the continont, covering 22 pur cent of the area.
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Drainage featui=s in Africc are relatively
less important to GEM cperations than in other
continents. Although most rivers are over 60
feet wide except in the mountains, falls and
rapids are common at the edges of the central
plateau, and ste2p banks are prevalent on nearly
75 per cent of the streams, In the arid north
where most streams are intermittent, the wide
wadies may sometimes be used as aécesa routes,
although banks are generally steep. Rivers of
primary importance in Africa are the Nile, the
Niger, the Congo, and the Zambexi, These are wide,
but all except the Niger are obatructed by falls
or dams, preventing their use for direct access
from the coasts to thniintorior. Por long
stretches within the central pleteau, these rivers
uay be used as access ruules, Lutl ianding places
must de chenkad for slope and vagetation coverage.

Swamps are common in the coasisl region of
the equatorial delt from Liberia to the Congo, and
in smaller areas of the east coast, J+.mOS are
also prevalent along the lower reaches of the
Congo and the Niger, and make up « large po. .ton
i southern Sudan and centra. “'*anda, The steep-
walled lakes of the riit valley provide water
routes along the Congo-Uganda-Tanganyiks-Rhodesia
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borders, but landing places are few, and the
connecting streams are in narrow turbulent

gorges.

Vegetation in Africa ranges from barren
desert dunes in the Sahara to equatorial rain
forests in French Equatorial Africa and the
Congo. Dense forests cover 18 pcr cent of the
total area, mostly in a belt extending from
northermn Congo westward through French Bquatorial
Africa, Ghana, and the new republics of the
southei-n part of French West Africa. Some of
these. areas are accessible by wide ~ivers spaccd
20-100 miles, but steep banks are common. Other
large forested areas are in Tanganyiks, Rhodesia,
and Angola. Tropical savannah is a common
African foature, with short (6 feet) and tall
(15 feet) grasses, snd scattored tall trees, In
sone Areas, such as the eastern Congo and Uganda,
elephant grass wp to 15 feet iigh makea a rough
entanglement, stopping most movement, MNarshes in
this region have reeds and papyrvs 10.135 feet high,
and oclumps of floating vegetation up to 5 feet
high.

The northern _.ail of Africe 18 uhily sparsely
covered hy vegetation, In particular, the vast
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Sahara Desert hae ouly scattereu brush, and large
areas of barren sand piein and dunes. Although
dunes and loose sanr are not actuaily the most
prevalent surface in desert areas, they account
for 9 per cent of the total African land area.
The large dunes of the Sahara have lee slopes
from 30-60 per cent; some are as much as £00 feet
high. These dunes are commonly aligned ‘n north-
south ridges, and may be circumvented (but some-

times by long detours).

Cultivated areas make up a very small per-
centage of Africa, and are primarily limited to
the coast plain and the Nile Valley. The island
of Madagascar is moatly covered with brush and

grass,

The influence of all these features on cross-
countyy military operations provides an index to
the over-all military geography aspects. The
cross-country capat-.lity of tanks anc similer
conventional tracked vehicles in Afriea is about
75 per cent of the land mass ares. (This includes
areas whare cross-country capsbiiity is quit .oor,
though possible.) The are. ~{ unsuitadility in-
clude the equatoriel 2~:¢st belt, the eastern
highlands and rift valley, and the southern rim
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highlands. The hrealddown of wreas unsuitable for
cross-country operations in Africa,as summarized
in Table 5, 1s: 12 per cent steep and rugged
terrain, 6 per cent forested, 2 par ceurt soft

and m:»shy areas, and 5 per cent for combinations

of these features and othars,

A few special features which have relevance
for GEM operations have been included in the data
assembled in Appendix B. There are scattered es-
carpments along the fringes of the Sahara Desert.
The Nile Valley and coastal areas of Ethiopia are
extensively dilssected by irrigation ditches and
canals up to 6 feet deep and 16 to 65 feet wide,
with steep hanka, These canals are empty in the
low water season. There are some larger canale,
and levee areas on the lower Nile, but dbanks of

these are commonly not ateep.

Other special features inoclude the tough
elephant grass and tall maroh vegetation, which
have been previously discussed, and sand dumes,
river gorges and falls, Cultural features affect-
ing military operations are very spaise throyghout
Africa except on the cc -t and in the Nile Valley
and Suez Canal areas. There are almost no rail-
roads except in the Union of South Africa and along

the Mediterranean coast, MNoast interior roads are
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only tralls and tracks across tne desert and

savennah,

In general, t.e geographic environment for
GEM operations in the land mass of Africa can be
sumied up as broad usable areas separated by the
forested equatorial belt, the rift valley and
eastern highlands, and the acutiern highland rim,
In addition, many areas in the south will have
limited accessibility because of steep-walled river
gorges. In the north, the effects of operation
in the desert will be the primary envircnmental
factor. The influence of all these factors and
features on GEM practicability and basic design
and performance parsmeters is further daveloped

in Chapter II.
3. South America

The military geography of South Amerioca is
dominated by the rugged Andes Range extending the
length of the continent, and the dense rain forest
of the vast Amazon Basin., These sa*u-es have had
& significant influence not vuly on military oper-
ations, but on ecoramic developmont as wel.. The
sroad aorth-south spresd .. uth America, froa 12°
lorth Latitude to .. 3outh Latitule, is another
factor in the diverse physical gesography of the

continert,
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The Andes Range stretches from the Caribbean
to Cape Horn. Rising to 20,000 feet in Ecvadoir
and Peru, it forms an effective barrier to east-
west movement. Its hia valleys and plateaus
support human life only because¢ ui the more in-
hospitable nature of the humid rain forest to the
east and the arid Pacific plain to the west, Slopes
of the Andes are everywhere steep, and only a few

L * - -
Lige pA3SCSS <ress the range.

The broad Amazon Basin 1s one of the great
wet forest regions>or the world. The dense growth
of tall evergreens and the humid climate prevent
almost all military cross-country operations except
those which can use the Amuson and its many tribu-
taries a3 access routes, The Oround Effect Machine

will have this capabllity.

Betwean the Amazon Basin and the Caribbean
are tropical highlands and lowlands, mostly forested.
Ear® of the Amazon Basin are the Brazilian Highlands,
descending abruptly to the South Atlantic, A great
escarpment wmarks the border 2t the higriang .arough-
out much of southeast Brazil. Central southern
South America consists of broad plains, with de.sely
populated and developed rreas in .. Argentiine
Pampes. RMurther south, lhe plains rise and become
neavily dissected in the "tableland” of Patagonta.
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The continent continues even furthar south to the
frigid hilly lands of Cape Hori, including a deeply
fiorded coast of Chile beyond 40° South Latitude.

The numerical data contalned in Appendix R
and summarized in Table 5 indicate the primary
features of the terrain bearing on military oper-
ations of Ground Effect Machines. South America
has about 5 per cent of its land between 5,000 and
10,000 feet altitude and 5 per cent above 10,000
feet., But this high area lles almost entirely
within the Andes, which, because of its ruggedness,
is precluded from GEM operations of any kind. About
19 per cent of South America has slcpes greater
tnan 30 per cent, and 18 per cent has slopes of
10-30 per cent. The Andes Range, indicated on the
climate zone map, Figure 4, as gzone 23, is almost
everywhere steepe. than 30 per cent, and thus be-~
comes an irpassable harrier for east-west (QEM oper-
ations of any kind, Other steep slope areas in-
clude the east rim of the Brez!ilian Highlandes,
and moat of the rugged southern coastal areas.

Drainage features are importent in South
America. The broad Amazon and 4is tributa:r &3
ivre avenuas of access to ... ~entral basin area.

Numercus tributaries ove. 6C fect wide connect the
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main channels which are usually well over 250
feet wide. However, the grassy and forested
banks of the Amazon network are often steep and
as much as 40 feet high, Other important river
systems lnclude the Parand in Argentina and
Paraguay, and the Orinoco in Venezuela and

. Colombia. The Andes are drained by numerous
small swift-flowing streams, but these are rocky
and filled with rapids and fallas. Altogether,
about two-thirds of the stream valleys in South
America have steep banks.

Other drainage features include numerous
swamps on the Caridbbean coast and in the Amazon
delta. Swamp areas swround the lower course
of the Parani in northeast Argentina and central
Paraguay. The southern portion of the coast of
Chile is cut by extensive fiords, very similar
to theose of Norway.

Vegstation is one of the most significant
natural environment features of South American
militery geography. The continent :s covered almoast
40 per cent by dense forests, the largest forest
coverage of any continent. MNuch of this foireat
ie within the Amazon RFasin, 1. “~ted as zuic §
in Pigure 4. Moat of the nonforested area is
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grasslands, except in the Andes, where mountain
scrub forest is common. Cultiveted areas are
relatively =mall, and concentrated mostly in central
Arzentina and sum ounding areas. Desert sparse
vegetation and barren areas cover the west coast
from Peru through northern Chile, but actual sand

dune areas are very small,

Cultural features are concentrated in very
small areas of South America. These include the
southern coastal region of Braszil and the north-
east Argentina Pampas, which has ths only dense
rail network in South Americs. Other bullt-up
areas are the central lowlands of Chile between
the coast range and the Andes, and scattered areas
of the Caribbean coastal plain in Venezuela, The
rest of South America is almost devoid of cultural
features affecting military operations,

Sumastion of the naturel environaent elements
in terma of suitability for military cross-country
operations indicates that about 60 per asent of
South America is unsuited for s:.r ojecetions.
Using tracked vehicles as the basis for evaluation,
the primary cross-country cbstacies are: .-:se
sorests - 30 per cent of tu. ' land area: rteep
and rugged areas -~ ZU per cent; wet and marshy
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areas - 5 per cent; and combinations of forested

and rough - 5 per cent.

Specina) featur.s of the natural envirorment
which are pertinent to overland GEM operations have
been noted in Appendix B. These include the ex-
tensive fencing (up to 5 feet) of most rallroads in
the Pampas. In the Guianas, coastal cultivation
is mostly irrigated, In the vast Amazon Basln,
high humidity and precipltation levels may cause
considerable damage to equipment which is not
carefully maintained.

In general, 8outh Amerisa is an area wherc GEM
operations will be limited to coastal arcas, the
central and southern plains, and the numcrous

vaterwvayes of the Amason. Basin.

4. North America

The military geography of North America may
be conveniently classified into thres btroad areas.
Greonland and the northern-most islands of Canade
are largely covered by ice, and exi:ibit all the
charscteristics of polar c¢limate. The central
North American area comoriaing Alaska, mosu of
Canada, and the Unit~d States - a divers» region
of highlands separated by a doad central lowland,
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The southern region, from Mexico to Panama,
and the West Indies, is a continuaticn of the
highland region, with subtropical and tropical
climates.

Greenland and the neighboring Canadian Arctic
Islands -- Ellsaere, Devcn, and the Sverdrup's --
are polar islands of barren rock and icecap, with
only scatte.ed low tundra and brush, Eighty per
cant of Greenland is covered by the iniand lcecap,

" an empty ice and snow plain, crevassed and rough at

its margins. The icecap lies between 5,000 and
10,000 feet abova sea level. The barren coastal
area of Greenland ia almost entirely steep and
rugged, and interrupted at 20-aile intervals by
glaciers descending to the numerocus fiords. The
margin of the lcecap is also ocut bty numerous
rooky streams, and amall lakes 4ot the coastal
area. The Cansdian Arotic Islands have aimilar
features, with the east coasts rugged and fiorded,
and the west coasts lower muul loss steep.

The oroad central region of Nc:ti: America has
& backbons of rugge mountains extending through
southern Alaska, western Canads, and the we:“emn
United States. .in the U.2 , “*s ms¢untain tasck-
bone is apread out oo contain Nigh plateaus in the
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north, and a desert region in the south, A

second rugged mountain region occuples northern
Alaska, enclosing the interior lowlands, These
lowlands are carried across the Canadian north-
land, with tundra merging into a broad forest
bell across the continent. A belt of less rugged
uplands extends down the eastern side of Canada
and the U.S., becoming separated from the Atlantic
by a wide coastal plain in the southern U.S. A
portion of these eastern highlands and plains is
the industrial heartland of North America. The
central lowlands of Canada and the U,S., pre-
dominantly grass covered or cultivated, are broad
plains and low plateau, mostly level. The western
highlands rise to 20,000 feet in Alaska (Mount
MoKinley), while the eastern highlands are mostly
lens than 6000 feet high. The large central low-
lands are situated almost entirely at altitudes
between asa level and 3000 feet.

The southern part of North America contains
a continuation of the weatern highlands extsnding
from Mexico to Panama. These highlands are arid
and barren in Mexicn, bdecoming witter and f~-reted
further south. A narrow . “~tern cnastal plain,
and a wider eastern ~~.stal plain, flank the
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mountain ridge throughout the region. The

West Indies are a chain of subtropical islands
mostly with highland central cores except Cuba.
These islands, extending from Florida to northern
South America, form an arc across the Caribbean

Sea.

On a continent-wide basis, the distribution
of altitudes and terrain slopes in North America
is given in Table 5. The altitude range includes
17 per cent from 5000 to 10,000 fcet and 1 per cent
above 10,000 feet. Mcst of this is in mountain
regions, buy large areas of the intermountain
plateaus in the United States and Mexiso are
situated between 5 and 8000 feet. The breakduwn
of terrain slopes throughout North America is 48
per sent of total area with slopes leas than 1V
per cent; &7 per cent with slopes 10-30 per cent;
and 25 per cent with slopet greater than 30

per cent.

There 1s a wide varisty of drainage charsc-
teristics throughout the continent, The intartior
lowlands and =asteorm coastal plaius of the United
States and Canada are drained by a number o, mejor
rivers including the Wissour. “‘wwissippl syitem.
These rivers, spaced from 10-30 miles apart through
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the lowlands, average 100 feet in width, and

h:ve steep banks iun less than onc -ralf of the
area, In Canada, “he rivers are replaced by
numerous lakes, mos.ly greater than 5 milas long,
and separated by less than 40 miles. In nerthern
Canada and the central Alaskan luwlands the Yukon
and Mackensie River systems provids access to a
hkroad area, but are frossn 6 to € months each

year,

With the exception of a few major rivers --
the Columbia and Colorado being two -~ most of
the strsam valleys draining into the Pacific Ocean
from the western highlends of Nortn America are
short and have steep banks. Their widths gen~rally
are from 60 to 250 feet, The rivers draining the
eastern coastal areas of the southern North Americaen
countries mostly have steep banks, as do those of
ths VWest Indies. In the West Indies most of the
rivers are frow €J to 120 feet wide, bui sous are
less than 60 feet wide.

In addition to strewa valley s, diainage
features ii0lude swamps and marshes along the
coasts from southorn Mexi~» to Panama. Swa : and
marsh areas are also common . ~z tho southcant
coast of the United States. Sudsurface karst
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drainage 1s & feature of northe: Flerida, the
Yucatan Peninsula in Mexi:s, and northein

Guatemala, with few sireams,

A prominent feature is the chain of Great
Leakes hetween Canada and the United States, pro-
viding access to a large central area. Other large
lakes are common in central and western Canada,
but the connecting streams are swift and rocky.
Parts of the Alaskan lowland and much of the
northern Canadian lowlands are covered with poorly
drained muskeg, which will support tranked and

vheeled vehicles only when frozen.

There are a number of prominent waterways in
North America inocluding the Panama Canal (110 feet
wide at the locks), the Sco Canal at Sault Ste,
Marie on the Canadian-U.S. border, and the intra-
coastal waterway along the Atlantic coast of the
U.8. Waterways in Canada, Alaska, and the U.S.
are extensively used for comveraial transportation

throughout the lowland areas,

Vogetation in North America varies through
the wide latitudinai: rangn. Tu.adrs in nor’ :rn
vanada merges with a wide .. “*st belt, sxtending
through part of the western United States. Other
forests cover mich of the esastern highlands region.
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Dense forezts reappear in the southern parl of
Mexico through to Panama. Altogether, about 32

per cent of North America is covered with dense
forests. Brush and griss cover most of the in-
terior Llowlands and the islards of the We:t Indles.
The western highlands and plateaus in Mexico and
the southwestern United States are covered with
sparse desert shrubs and grass, or are barren,

Only a veny‘amall percentage of the arid lands 1is
actually covered by sand dunes. Swamps and marshes
cover about 3 per cent of the total area of North
America, and an additional 3 per cent in the summer
months when the muskeg is thawed, The central low-
| lands are extensively cullivated in grains. The
esstern lowiands of southern North America and the
West Tndies are cultivated primarily with sugar
cane, banana plantations, and coffee,

Cultural festures are prominent in south-
eastern Canada, the sastern part of the United
States, and in small areas irn the centril and
western U.S. A denas neitwork «f roade and raii-
roads alss linkes thesa areas, Throughout the
United States many filelds are fe.aced by barded
wire to 4 faol high., Small a. ‘= through the
kentirs region are irrigat.u, primarily in the
Pacific Cuast valleys of the U.8,
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Militery cross-country travel with conven-
tional tracted vehicles can be carriesd out in adout
45 per cent of the North American continent. Steep
and rgged aprsar praclude cross-country operations
in 25 per cent of the continent, mostly in the
western highlands. Forested areas in Canada, the
United States, and in the area from Mexico to
Panana, make 20 per cent unsuitable, Wet and
maxrshy areus stop movement in ¢ per cent, and the
icecap of OGreenland and the Canadian Arctic covers

8 per cent,

All these features influence poutential GEM
operations in the region. Because of the densely

‘bnilt-up areas and cxunnportation networks in much
of the United States and southern Canada, ORMs would

prooably be most useful on inland waterways. The
noerthern Canada tundra and muskeg area, and the
Greenland icecap offer some advantage for GENM
operations. Bacsuse of the rugged and forested
terrain in the Caribbean area, JEMs would prodadly
be practical only in coastal and amphidlous oper-
ations, which are discussed in the next section.
Un a continentewide basis, vnly & few areas 'n
North America provide a .. *-iral environment
advantageous to overii.vd military operations

of Grouwnd Effect Machines.
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5. Oceania (Australla, New Zealand and Pacific
Island Aread)

Oceanla, the smallest continental division, has
a land area of Just over 3 million square miles.
Most of this is the island-continent of Australia.
New Zealand and the Pacific Islands fill cut the
remainder, Although eastern New Guinea is politi-
cally part of Oceanla, it has beeu found more con-
venient for purposes of this study to classify the
whole 1sland of New Guinea, and the adjoining
Solomons, lii Asla, The data appendices and

summary tables reflect this c¢lassificaition,

Australia and New Zealand are islands of great
contrast., Australia is a large arid plain and
plateau partly fringed by wooded uplands, quite
rugged in the southeast. Only a small percentage
of the continent is elevated more than 3000 feet
above sea level, Except in the southeast highlands
and Tasmania, only 5 per cent of the slopes are
over 30 per cent, Drainage caasacteristics in-
ciude numercus small rivers in the coastal regions ‘e
and on Tasmania, with a large central area of un-
coordinated drainage. The r'vers are spacaed 20-50
m1les apart, but in 75 pu. ent of the total area
there are only a few i termiiten. streams, Banks
of streams are not generally steep, A few marshes

cover areas ui: the northern coast.
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New Zealand exhibits much more rugged topo-
graphy than that of Australla, A mountain oack-
bone, rising to 12,000 feet, slopes unevenly down
to a narrow coastal plain. About 50 per cent of
the region has slopes greater than 30 per cent,
Five per cent of New Zealand is above 5000 feet,
but this is all in mountain areas. There are many
stream valleys in New Zealand, separated by 5-20
milee, and with mean water widths of 60-250 feet,
Most stream banks are steep. Flords and finger
lakes are common in the mountain region of South

Island.

The remaining areas of Oceania consist of
the thousands of Pacific Islands, only a few of
which sre iarge enough for consideration of over-
land operations. These islands may be coral, sand,
or volcanic, Some, such as the Hawaiian Islands,
have many steep slopes, Others are low and quite
level. The volcanic lzlands have numerous narrow
streams, which are not of any value us inland

watorways,

Vegetation in Oceania rangas from dense forests
in parts of New Zealand, the outlying islands and
the fringes of Australla, tc ba. ~n demert in most
of the interior of Australia. Only 6 per cent of
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the entire reglon 1s densely forssted, About 18

per cent 1s covered by loose sand.

Cultural featur2s affecting military geography
are limited to the southern and southeast fringes
of Australla, parte of New Zealand, and a few of the
outlying islands, Most of central and western
Australia has been quite untcuched by cultural

features.

Oceania is generally well sulted for military
cross-country operations. While much of New Zealand
is rugged and furested, nearly 90 per cent of
Australia is unobstructed for movement of tracked
vehicles. Altogether, about 85 per cent of Oceania

is considered suitable for crose-zcuntry operations.

The drcund Effect Machine could be used to
advantage in much of Oceania, partioularly where
sparse vegetation and gradual slopes allow unimpeded

operation at very low heights for long distances,
6. Antarctica

Antarctica is usually neglected ln studies of
world geography because of its inuscessibil! y and
o 1ld emptiness., With iners. -4 interest in explor-
ing and studying this .ast polar con%inent, and
with the always present possibility of future military
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apergtioes tw the zrem, a hrief disemsston of
Erttzroetica im the presoot study Lo roneldered
to e werrented.

Entgreties has 2 lamb arex of apowl 5.5
meIltor squere miles, almoct twice as laree &
Ingtrslis. N ty-mine per oot of tie contiment
Iy covered by fce. Ferhsps 60 per centt of tie
taotal sares iz & comtimenmttal glacier, mostly dm-
m&ﬂé, wlith am elevstlon of &,000 to L2,000
feer. This contimenttzl glacier iz ordered 2y &
fringe of stresm zmid wiley glacters widich slowly
descead to the ashirupt const. Smll aress of thie
conttizent rre Bgrren rodk hresking through the
ice surface (muostsks) or fumtng rough border-
lands at the ses coast. These rodk aress are all
is umenpilomed, the prolishle alitltude resliciown
fncludes 4C per cent at slttimdes of 5,000 to
10,000 fest, saxd 20 gper cent aiowe 10,000 feet.
The cutimentml glscter is fulcly Lewel, witle
e stream glaclers aad velley glacliers sre stesg,
roagh, amdl muck dlzsected by creverses. Protmbly
AL mnch as 7O per ot of Ln arta bos durcece
slopes less tham 10 per =t




The glacier surtace is covered with ice, o
snow over ice (firn). Sastrugl (email ice ridges)
up to 5 feet high and several hundred feet long
are common in all areas. Crevasses are most preva-
lent at the edges of the continental glacier, but
may occur anywhere, These crevasses may be up to
several hundred feet wide and miles long. Pressure
ridges around the rock outcroppings form major
obstacles. Snow dunes on the icecap may be 40-50

feet aeep and several hundred yards crest to crest.

Antarctica has almost no stream:z except sinall
melt areas, which floo6 in the warm periocd. Drain-
age ié through the slow action of the glaclers.
There is no soil, (only rock) and no vegetation

except mosses and lichens on exposed rock.

In terms of military operations, the bare ice
areas can be crossed by wheeled and tracked vehicles
with proper equipment for locating and bridging
crevasses, On the snow cover, only light tracked
vehicles may be used. The maximum bearing load

on soft firn is about three pounds per square inch,

The Ground Effect Machine would appea’ .0 have

limited capability for ci. ‘-country operatioas on
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the Antarctic icenap. Auxiliarv equipment must

be installed to handle the probiem of ingesting
large quantities of loose snow., The large number
of crevasses and rough areas at the borders of the
icecap will probably severely limit any GEM
vperations In that area, Capability of the JEM

in an area of crevasses has yet to be analyzed,

but with proper detection equipument, it is believed
that limited overland operations can be carried
out in Antarctica.
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COASTAL ENVIRONMENTS

(1) Classification of Natural Features

Improvements in marine technology, coupled with
our world-wide economic and political interests, make
the coastal environnents of the world vitally important,
Their significance to amphibious military operations
is tremendous. The characteristics of the GEM appear
particularly well-suited for operating within these

environments.

‘fhe abillity to surmount srproach obstacles, such
as sand bars and coral reefs; the high-speed performance
(six-to-ten times that of present amphibians); and
direct access inland from the sea without the water's-
edge unloading operation, make GEMs an impressive vehilcle
for coaatal and amphibious operations, whether military

or commercial.

Generally, throughout the world, near-beach terrain
offers obstructions such as foreuis, large sand dunes,
coastal villages, escarpmenta, or a combination of these
features. However, exits ialand usually can be found
by flanking these obatacles thruugh use of river valleys,
arroyos, cultivated areas, o. “utural depressions in
the terrain. Rivers and s .reams ofi..' excellent paths
for GEM operations and can be used to advantage for
penetiration when soue coasts are found to be other-
wise impenetrable.
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Sand dune and hill coastal areas make up a rela-
tively small percentage of the shorel.nes cof the earth.
With respect to amphiblous operations, this small per-
centage 1s extremely imports.t fcr obvious reasons of
accessibllity, mobility, and defendability. However,
the contours and rassible obstructions of such areas
are constantly changing (a) where strong seasonal winds
can be expected to shift the sand, (b) where vegetation
is sparse and the sand is easily moved, and (c¢) where
waves or currents move sbhundant supplies of sand upon
the shore or form bars or spits for additional deposits

to build upon.

Normally the steepest angle of atability (from
sl1ding) for dry sand is 30°. 1In such a condition of
equilibrium any attempt to traverse the sliope on foot
or by vehicle diaturbs the stability, and causes a sand-
slide. Naturally, the higher the adune or hill, the more
dangerous the condition. The stespest slope will usually
be on the downwind side of the dunes which are at right
angles Lo the prevailing wind. This ‘ype of coastal
terrain is usually backed by marshes, tidal swamps, or
periodically flooded ground. Trese are difiicult
obstacles to the inland moverent of equipment ard

personnel using surrent facilitie- and technigues,

Delta plains are found un coasts that a.e inter-

sected by sediment-carrying rivers which empty into
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:‘relatively qulet badies of water, Such areas are
usually fan-shaped, dissected by numerous stream inter-
ruptions, and offer exceedingly poor support for crossa-
country traffie. Such river mouths are a constant

“problem to navigation and must be continuously dredged
and charted. This 1s expensive and may be an untenable
condition in a combat area. Even shallow-diraft, lightly
loaded vessels are hampered under such conditions, but
such a stream offers practicelly unobstructed routes
for vehicles which could skim over che water or over the

flat, sedimcntary plain.

As the delt. plain builds up from sediment deposita
and the flood threat is eliminated, the area takes on
increased comucrc.al and military importance dependent
upon the degree of ease a route to the interior can be
obtained. Deltas in the tropics are usually fringed
with swamps, cut by streams, and overgrown by tangled
vegetation. The temperate zones support hardwood growth
on the backing terrain while the colder zones support
only low grasses and shrubs which give wry to glarial

cover farther north.

Coral formations are limitad to the warm reglons
of the earth and are generally found between the 30°
aortn and south parallels. The cu. ' formalion2 may

be submerged or exposed. Genertlly, this depends on
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the tidal characteristics in the region. Warm, pro-
tected, shallow approaches are excellurt coral breed

ing grounds. Reefs are formed when the coral animal is
exposed to the air and diesa. The skeletons harden, form-
ing reefs which are abrasive and hazardous. The
Australuslia (Oceania), Indian Ocean, and East African
coastal areas represent the predominant areas of coral

concentration in the world.

In addition oo the generail~.d cocastzl lard forms,
other features of the coastal environments which are
important to potential GEM operations are: vegestation,
stream valleys, charactariatics of beaches, surface-
plercing cbstructions in the offshore appicach ares,
surt conditions, tides and currents, and climatic con-
ditiona. These features are discussed in tnis section
on a world-wide basis. Application to GEM design and
performance requirements is contained in Chapter I1I,
Secticn 4. The detailed information presented in
Appendix C was made compatible with already established
climatic zones of the world as wcil as with political

boundaries.

Tidal ranges, as presented in Appendix C, will very
through the years as well a3 :luring vach year. liomal
minle.an and meximoe tidal read... ~ are prensnted
because of the effect on operating conditions in any

one region.
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Surf conditions are not dependent upon tide alone,
but ala: upon wind and cther seasonal jnflaences. A

GEM must be able to withstand such an environment.

The gradient of a beach is of considerable interest
in OEM design and is another factor which is included
in the appendix daia. The slope cof the beach affects
the performance and operational concepts to be con-
sidared in GEM planning. The gradient in the swach
zone of the beach depends mainiy on three variables;

(a) the size of the beach material, (b) the length of
the waves, und (c) the staapness ratio cf the waves,
More than half of the bheachea reviewed in this study
have gradients between two and three per cent in the
gwash zone between low tide and high tide. In the high-

water zone, above normal tiaal action, the alopes are

‘somawhat steeper, averaging five to aseven per cent.

(The beach gradient, in per cent, 1z the tangent
of the angle of the beach, i.e.,the vertical rise per
unit horizontal distance.)

Beach surface materials are also covered in Appendix
C. Size of the beach materi®i 1s 6. u.biubsed besaurs?
of its wide range, but the type oi beach svrface i»
given. Ninety per cent of th. Accessible coast are
composed of sand, mud, pebbles, . ~*', or ? comlination

of two or more of these. The remalining ten per cent

-170-




includes cobblentone, rock, seaweed, shingle, clay

loam and dehris.

In general, the coasta’ factors limiting GEM
operations are those impoased by the shore terrain and
not the neav-shore or offshore approaches. GEMs can
traverse most coral fornations, submerged rocks, sand
bars, and shoals. They cannot traverse shorelines made
up of steep cliffs, bluffs and eacarpments, nor pene-
trate beach jungles and nipa swamps, dense coagstal
sevtlements or other obstacles associated with civilii-
zation along a coast. Penetration usually cai: be made
by bypassing such concentrations or by use of streams,

rivers, or baylettes.

For military operations in a specific area, amphi-
bious operational studies are available which provids
the detalled data required for intelligent planning.
In general, the coastal areas of the worlid where GEMa can
te used arc indicated - the map shuwing "Suitability
for Amprihious QEX Oper .tions®™ (Fig. 14).

The world coastline shown on this asp ‘s divided
into three categories:
Code 1, Suitable for Inland Acoes.
Code 2. Suitable for Landin, °* Beach, Inland
Access Qbstruct~~,

Code 3. Unsuited for Amphibicus Operations.
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When Antarctica, Gruenland and the remalnder of
the land mano north of the (7° paralle! are excluded,
i1t can be seen that approximately 70O per cent of the
remaining coastline ~f rhe world is avallable for use
with GEMs. At any one period during the year, winter
icing oonditions may alter this figure somewhat, Wel
snow, blowing and drifted ice, And loebergs may pre-
sent obstacles to the operation of some GEMs, but with
provisions for deicing, and high-height, low-payload
operatlons. all but the steep northern coasts will be-
come accessible., Reference to Section 2 of this chapter
will provide data tu indicate scasonal problsms which
could nullify the Code 1 physical aspects of a coast and

change it to an inacnessible area (Code 3) temporarily.

Wnile the scope of the study requires some general-
1zatlon of coastlines, predominant ocharactevistion were
used to determine operational suitability of the avaas,
More detalled analysis of & Code 1 coast, for example,
may show numerous stretches of terrain which are im-
passable, and surrounding areas whioh may be suitable

for orous-oountry inland movement,

Where coastal aoccessivility to inland rerrain ims
indicated, individual coasta) iwrions may presenc
different problems, For 'rstanne, . *~ region ol
northern Canada known as the Arotic Archipelago
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generally cons‘sts of noactal plairs which slope gently
to the Arctiec Ocean. Ccastal vacking terraln is made
up of tundra with scattered low vegetation. Such
features offer no obst.uction tuv operations in the
area., However, climatic fesfturev cause changes, such
ag hummocked ice, which must te taken into account
when the detalls of operation in & specific area are

to te conslidered. Consequently, the 1ndic§tions of
accegsibility ror Africa would not have the same im-
plication as for Alaska and othei' Arctic and Antarctic

regions where surface features change with the seasons,

Tree-lined coasis often present barriers to inland
access, However, such terrazin 1s usually broken by
river or strestm valleys and there are often interrup-

Lions in vegetation wnlch allow exits from the beaches,

Map scale limitutions preclude a detalled indica-
tion of coastul conditicns. The amount, type, and
location of terrain which would support GEM operations
utuwlily determines the Code clans. Sevevral examples can

be cited as follows:

Seme parts of England and lNortherrn Irsland are
classed as Code 1 areas, while tl.e remainder of -..e
Briti:n Isles 1s a Ccde 2, Wn. ~ Walec and the terri-
tory south of Bristol Cl.uwel are compoced of hille and

mountainous terrain, the area is criss-crossed with

178~




numerous navigable rivers which wouls c¢{fer no

physical obstructions to GiM cperations.

Similar conslderat’ons must be given to the south-
east coast of the United States which 1s classed as
Code 1. Decliduous forests, civilization and other
natural and man-made obstacles would prevent even a
GEM from moving directly inland from the shore. However,
there are exits iniand -- aetworks of coastal and inter-
state highways and numerous rivers, While river banks
are lined with many trecea, open spaces exist tecause of
clearing for cultivation, timber harvesting. rleasure

boating, etc.

The general impression of I[ndia is that ol a teeming
'pepuiafion oultivating flat plains and river bottoms with
an ox e&nl a c¢rude woodgn plow. This is only part 6! the
plcture, Moot cof India is made up of rugged terréin, It
1s iraversed by many rivers and a well-developed rail
network. These rivers and rail beds offer routes for
GEM .ravel frotm the coastal i1eginne toward the inland

regions.

The East Indian coast 18 classed as Code i, The
West Coast is predoriinanily a Code 2 region ainc “-here
sre mamwy places to support larg. ‘andings, but the loca-
tion and character of th. .uvatern mountains are obstacles

to inlend movement,
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A summary of the coastal environmentsal data, in
terms of the GEM suitabllity code, is given in Tabie
6. PFor each major coastal division, the total coast-
line and malnland coastiine lengthy are given, as well
as the percentage of total coastline in each code
classification, Complete data on coastal environments

are contained in Appendix C.

The following subsections discuss coastal features
of the world's coastal areas except the rugged coast
of Antarctica, which 1is 1lce bound throughout the year.
This discusslon 1s the background for the ~lassification
of amphibious Ground Effect Machines in Section 4 of
 Chapter II.

(2) Natural Features of World foastal Areas

1. Europe

With the exception of Australia, Europe 1s the
smallest of continents, but 1t has a total ccast-
line of 40,000 miles (considering only minor in-
dentations). This cosstline i1s very irregular
and encloses the continent on three sides ac if
it were a mammouth peninsula extending from the maln
body of Asla. Flat and gently undulating lunds
begin off the Strait of Gibra.. ~ and Voliow the
coast northward beconing gradually wider until they
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stretch from the fcothills of Sweden to the Soviet

Urals and south to the Caspilar and Black 3eeas.

The entire ccastiine of European Russia with-
in the Arctic Circle and 90 per cent of the
Norweglan coast 1s composed of tundra or hs2ath
which impose sarious restrictions on vehicular
movement except when deeply frozen. The north-
west coasts of the British Isles and the North
Sea coast near Hamburg, Germany, are additional
areas of widespread heath beds. Vegatation and
civilization in these areas, except Namburg, would

offer no obatructions to amphibious operations.

Weather cunsiderations along the coasts
north of 57° North Latitude would require detailed
study to determine ice and snow conditions before
a winter operation could be pianned. Rafted close
pack-ice or close drift-ice, stacked up against
even the flattest shore, could be sufficient to
obstruct JEM operations. The effect of high-speed
collisions with ice of this nature must be con-
sidered. New snow covering the ice or ground wili
make navigation difficult (a) because cf being
blown into the air dby the jJet downwash and (b)
because of the cravasses or o.. '™ diseontinuities
in terrain that it muy camouflage.
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In the Guifs of Bothnia zv:d Finlend and ths
Baltic Sea, ferry traffic 1ls restricted from
around December 10 to May 2C. Some years 1t 1is
completely halted during January through March,
Properly designed GEMs could negotlate this area
and provide ye~r-round access to these coasts,
heretofore possible only with the airplane. A
more ccmplete discussion on ice, snow and other
¢limatic influences is contained in section 2 of

this chapter,

Sweden has many rivers and valleys which
could be ussd for penetration from the coast.
In additicn, there are many intersonnacted lakes
and bays that would serve as sultable access routes,
Good bdbeaches in the area are few in numter, Beach
surfaces consist of sand, silt and scattered rocks,
with dbaocking terrain of rocky and steep dbanks
except in southern Norway and Sweden where the
lowlanda pradoninate. While Norway is 97 .- cent
mountainous, it has features providing access inland
even though the sise cf tho operarisi. snuld be
considerably limited by the width of the strearms
and the tributaries where cn: lake feeds t. another,
{Jecause of this limited-y.. » operatinnal ~apadbility,
2 Code 2 classification was assigned to the Norwegian
coasts instead of Code 1,) Stream snd lake banks
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are heavily wooded in most places and some fesder
streams or canals are passable but obstructed by

low bridges at scattered points.

The coasts o. Scandinavia are clear in the
Baltic and clear-to-channeled on the Atlantic. As
can be expected along the Atlantic, the surf fanges
from negligible to over 12 feet at times. Tildes
up to nine feet are experienced along the Atlantic
coast, but are practically non-existent along the
Baltic even though water level i1s changed up to
six feet depending upon the strength and direction

of seasonal and storm winds.

The Finnish, Russian, German, and Danish
coasts along the Baltic Sea have lowland coastal
terrain with characteristic climatic differences
due to their geographical location. Rivers in
the northwestern region are flooded in spring and
early summer; during the winter they are frozen am
navigation ceases. In the Pinland-Poland area the
predominantly sand beaches have an average slope
of 3 per cent which gradually increates to around
6 per cent for portions of the Danish coasts.
There are scattered islands odstructing of: :: ore
svproaches, but the near-. “re arca is 85 per cent

clear. lhn angt o il obstructions in the southern
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end of the region, around Gerrany and Dermark,
are shoals, sand and mud flats, and scattered
vrocks, Backing terrain generally is characterized
by low-level sanuy necks and meadow land with
scattered trees, grass, and cultivated fields.
There are onlv scattered areas of swamps and
marshes, boulders, low cliffs and bluffs on the
coaasts., Tidal ranges are negliglble toward the
north but become appreciable (6-13 ft.) off the
German North Sea coast. Surf through 70 per cent
of the area from Finland to Germany ranges to 8
feet while the remainder of the cosst rarely

expsriences surf over 5 feet in height.

The characteristices of the low and fertile
4l-mile Belgium and 800-mile Nothorl#nds coastal
areas are well inown. BRExcept for scattered wrecks
and shoals in the area, normal approaches are no
problam., For GEM operations the wrecks and sea-
walls represent tha most formidadble obstacles.
Large drainage ditches in the area are 4 to 8
feet wide and up to & fest deep, du' ia places
their banks are approximately level with the
surrounding torri:u, thus snabling OEMs t - ross
in thcse areas. Seawalls ~Yong the cogst have
steep (60 per cent; vamps at varicus intervals to
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allow traffic tco cross from ove silde of the wall
to the other. The seawall 1is interrupted at
several points by gates or lock-type doors which
are closed during storms or high water but open
for inland access at other times. Other backing
terrain features are soft dry sand (firm when wet),
sand dunes and cultivation.

Across the English Channel froa the continent
are the British Isles. The western portion of ‘the
islands are composed mainly of low hills; the
east has areas of low plains, plateaus 2nd rolling
plains. The eastern coast of the main island 1a
fairly regular; frua the northern tip of 3cotland
to the southern tip of England there are only five
big embaymants. The southern coast has several
protected harbors; the west is marked dy indenta-
tions which run far inland and form many important
commercial routes. Ireland has coasts just as
rugged and indented as the west coast of the larger
island.

Inland movessnt would de & . ror prodblem for
GENs since inland wate~ways are plentiful. The
Themes, for example, is “avigadble 47 miles from
the seas in Scotiand che isla.. ~an be crussed
completely by following the Caliedonian Canal from
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the Pirth of Lorne to Moray Firth in the north-
east. Access can be made by numerous other
waterways, but general cross-country travel by
GEM would be difficult because of mountains in

Scotland and southern Ireland.

Most of the beaches in the British Isles are
grevel and locse cobdble backad by firm wet sand
(soft when dry) and scattered rocks; gradients renge
fror 5 per cent to 10 per cent. Tidal ranges
vary from negligible to 40 feet in the funnel-

shaped bays.

The terrain around Cslais, Prance, is similar
to southeastera England. There are nhumercus
beaches but they are dacked by cliffs and seawvalls
ranging from 2} feet to 20 feet high depending on
the tides and surf characteristics of the area.

In this area whers the Atlantic funnels into and

out of the North Sea, the maximum tides approach

A0 feet. Parther south in France and on the northern
coast of Spain, the tidal ranges are consideradly
lower as the coast decomes more onen along the
Atlantic. However, while %he tides ars diminish-

ing from 30 feet to 13 feol, the maximm surf

heights remain adout the zam. v t2 52 feet) dut
increasze in freguercy cf occurrence during the
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year -- predominautly during the winter

storms,

The toﬁu ¢o#.,tline of France, including the
Mediterranean coast, is 1,760 miles. The north-
west (Channel) and the west (Atlantic Ocean)
coasts are of a widely different physical and
environmental character from tnhe southeast
(Mediterranesn) coast. Nevertheless, both coasts
are interrupted by accessidble rivers and valleys,
and have an abundant shsre of low, flat, and sandy
coastal terrain bordered with dunes xnd marshes.
But east of the Rhone Delta, the Alps and their
offahouis extend to the sea, With these seriocs
of capes and rooky proacntories, only & narrow
"Riviere" remains detwsen the heights and the
shore, This is & characteristic feature found
in all of the Mediterranean countries. Approdviws
to the shores on the Nediterranean side are sostly
clear whereas approaches to ths northern and
western coasts are cccasionally obstiructed by dars,
shoals and breakwaters. Tides anld ar? on the
southern coasts ars akin to the sunny disposition
of the Riviera regiun and are clessed as #. 3 ht-
“v-moderate -- not over 5 . =i,
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The Spauish and Portugucse coasts are inter-
rupted by six major rivers, ali of which rise in
Spain. By taking advantage of these rivers and
thelr surrounding valleys easiest penectration to
this sector of Burope can dbe odtained. The
Guadalquivir River axptiez into the Gulf of Cadiz
where broed sand deposits have forwed a delta.
These deposits have alco ocut off a large marshy
lagoon, Les Marismas, which cannot be orossed by
norsal shipping or wheeled vehiolas, but which
provides a wide, flat expanse for QEM operatilig

Sh @ uroad fyont,

Other lowlands are smaller and are restrictea
by surrounding hills and mountains. The Galicia
in northwest Spain is made up of & susccession of
drowned river mouths which form excellent shcltered
harbors for small craft, Such small harbors also
offer concealment for asphibicus operations and
oould be even more widsly used by shallow -- or
no-dreft marine oraft.

Tides up to 13 fcoet are four on the Atlantiec

31ds of Spain and Portugal widle negligible re-

cordings are found on . * Nediterransan side. The
offshore approaches - the bsa.. 38 are generaily
clear and uncbetructed, Beach sicpes Ire generally
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5-8 per cent. Most exits from tiie shore would be
cross-country by paths end tracks through brush

and seed cultivation to generally falr roads.

The remainder of the Buropean Mediterranean
toast is predominantly clear offshore with a few
breakwaters and tidal flats fronting firm sand
bsaches in Italy and scattered rocks and reefls
off the Yugoslav and Greek shores. Italy has
numerous beaches with the terrain on the west
side of the peninsula providing the best access
routes inland. Streams are navigable inland
from the coast for 20 to 30 miles; some rivers
are navigable much further. In addition, theve ir
& coastal canal thut parallels the marshy coast of
the Qulf of Venice, and another in the Po Basia which
connects the cities of Turin and Milan. Because of
sedimentation, the Po Besin {s continually build-
ing out invo the Adriatic as such as 300 feet per
year. There are other canals which extend rivers
and in most cases follow reasonably flat terrain,
and could be usad as OEN highwvavy sreas. The Tider
River is navigable as far ss Perugis with slallow-
draft vessels.

Coastal ‘regeta‘lon 17 .. ‘v ghorld nct obstruct
eross-country movement since it is predominantly
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grass, brush, end éultivation with some areas given
over to ollve groves. The actual coastal terrain
consists of marshes, lagoons, and dunes. A very
small percentage ci the total coaetline has sea~-
walls, bluffs, and buildings which would form the
only major obstiuctions. Tides and surf for Italy
are consistent with the rest of the northem

Mediterranean coasts.

The coastal piains of Yugoslavia and Greece
are narrow and 50 per cent rocky with clifrg back-
ing the beaches. Most rivers flow wnferground
in Yugoslavia since the karst (limestone) formations
are soluble, allowing the water to pass through.
The four rivers in Yugoslavia which are important
and accessible are bordered by cultivated low marshy
lands. Inland from the coast, these usable rivers
are cross-connected by canals which would obstruct

GEM movement perpendicular to their courses.

The rivers of Greece are steep, rapid and
unsuitable for navigation. Except for the upper
part of Greece, there is no. parc or the country
which 1s more then 40 miles from the sea. PFrequent
earthquakes, particularly on the southwest c.asts,
suggest that the land is stii. ‘' a stele ¢! trans-

formation. Constant reconnaissance in the area
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is required tc¢ determine changes In offshore

approaches and cca-tal tercsaln.

Surf in the ar 2a is high only when there are
strong offshore winds. Usually it 1s negligible
and is acoompanied by tides of less than 2 feet.
While there are many landing beaches in the
Yugoslavia and Greecs areas, the backing coastal
terrain is rugged enough to make inland access by
OEMs difficult. The beaches are of sand and gravel
composition and the backing terraln is 70 per cent
¢liffy or mountaincus. Roads, trailc, and tracks
can be found around ridges or up river valleys when

avallable.

The Buropasn shores of the Black Sea are con-
sidersdbly different from those of the Greak Aegean
Sea. The coastline is gently curving and regular
until it reaches the Romania-Ulkaraine border whare
it is embayed and marshy. Ice restricts the shore
approaches in the southern region occasionally,
but in the north it is consistent in the winter.
The hilliy terrain in the south gives way to lagoor.s
or steppes in the north arsund the dolta plains
of the Danube. Inland ex.ts over tracks an.. trails
through driftwood, saoatterea . -'sh nnd cultivated

plains warrant a Coda 2 classification for much of
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the Bulgarlan coast, Hewever, the iow, fiat, treeless

area to the north in Romania would provide easy
Code 1 GEM movement ovevland to the heart of the

country.
2. Asls

Asia comprises about one-third of the earth's
land area and 1s the home of nearly two-thirds of
the population of the world. 2Xzi2 'les wholly
within the Northern Hemisphere and stretches over
5,000 miles from the NMalay Peninsula in the south
to Cape Chelyuskin witliln the Arctic Circle in
northern Russia. Its east-west dimensions are
approximately 7,000 piles. It is bounded on thrae
sides by oceans and on the fourth by the Red,
Nediterranean, Biack, and Cuspian Seas. The coast
of over 100,000 miles represents a wide variety of
types of shore.

The norinern coasts are most notable for their
ice-bound condition during the winter months;
generally, these shores are low and deeply indented
by the many rivers that flow from aouth to north
to the Arctic Coean, The Ruician beaches are c.m-
posed of sand, pebblus, and some . lders. Turro-
fourths of the beaches are over 100 feet wide with
the remsinder between 50-100 feet in width. The
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backing terraln is mestly tundra rlalia and marsh with
scattered bluffs and steep hills at irregular inter-
vals along the coast, Vegetaticn in this reglon

is low grass and moss with some scrub growth, none

of which should provide obstacles to G3M operations.

Low winter temperatures, extreme lsolation
and short seascns when navigation ir possible re-
stricts settlerent and interest in the area except
for 1ts strategic valﬁé. In the winter the many
rivers are ice-bound and as they thaw upstream
(in the south) before their more northeriy lower
reaches, great floods occur in the middle and lower
basins each spring. In this region of Asia is
approximately 10,500 miles of Code 1 coastline,
Routes skirting patches cf hummocked ice will te
necessary in the winter, but once land is reached
the GEM 'eems to provide the only year-round form
of transporcation., (In the winter the rivers are
frozan 2ud the snow 1o deep; in the spring the
river basins are flooded; in the summer and the
fall the marshes and tundra have thawed :rd the

mire is deep.) whe" there is surf, it is usually
l‘O\l&h (5-8 tto high)c

«n woving fror the :w»rthern ov. ~ts tu the eastern
and southeastern . ian coasts, ~ uramatic change

can be seen., The reiion 1s characteriged by
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numercus small and large islands, whicii werz formed

mostly by partly submerged volcanic folds. The

‘coast from the Bering {trait to the Malay Peninsula

is of a Code 2 classification with the exception of
15 per cent Code 1 and 3 per cent Code 3., This
coast is much indented and broken by a series of
seas and gulfs with pack ice occurring as far south
as the Yellow Sea. Some of the greatest rivers

in the world dissect the Pacific Coast of Asla.

The flow of these rivers is generally at its
maximum in the summer when the interior snows melt
and rainfall is at its greatest. Near th§ coasts
the rivers are gentie but they are restricted by
levees and, somewhat like the Mississippi, flow
above the level of the surrounding plains. Re-
current flooding hampers communication in the srea
and would eliminate travel by any conventional
means during the period of flooding. Conditiona
are 1desl for & oraft with GEM qualities -- speed,
flexibility and no restriotions with draft.

The best landing beaches are concentrated in
the northeast portion of the Chivese coast but . gse
are backed by villages, terrac. and sea walls.

The Grand Canal paralleliry tha coast from Tientsin
to Hangohow offers another obstacle to inland

movement by conveutional vehicles but would be
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gurmountable at various poltuts ty CMMs with a
Jump capabi.ity of 4 to 5 feet. This canal is
30 feet wide and has the appr arance of a large
open drainage ditch over most of 1ts length.

Southern China is rugged and intensely culti-
vated and populated. The coastal terrain is com-~
posed of a broad valley flanked by mountains and
dissected by river valleys. There are few shore
cliffs 1n the area but there are mmerous villages
and coastal roads. Most roads are poor and dis-
connected since river floods or monsoon rains wath

out the roads and dbridges as well.

Further south, Indochina lies wholly within
the tropic zone. The southwestern monsoon comdined
with the heat supports dense tropical jungles and
mangrove swamps often to the cdge of the water The
immediate shore line is characterized by feature-
less deltas and swamps with some mountains to the
sea in the northern region. The 1,700-mile coast-
1ine contains 119 major dbeaches wnich would puopors
large-scale amphidious landings. lateral commmica-
tion lines with conventional _and veh cles would b
extrewcly :xme_un since most bria, ° tut during
¥orld War II either haws not L_en rebullit or are
periodically destroyed by fioods or current gusrrilla
warfare. It is diificult to travel more tnan 75
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miles by road v« rarl before Lelug stopped by a
mlssing bridge or rail section. Most roads parallel
the coast and may ‘o inland 20 miles occasionally,
but any travel further inland must negotiate dense
Jungle and rugged mountains. The best penetra-
tion can be made by numerous short waterways found

in the area,

Approaches to the coast must pass islets,
reefs, rocks, shoals, and some drying sand and mud
flats with the tides ranging from one foot to 12
feet around Saigon on the southern tip. “he surf
in this area alsc approaches 12 feet at times.

The beaches are preaominantiy wide at low tide and
remain 80 at high tide sxcept where tidal ranges
are high, Bighty-seven of the 119 beaches are two
miles or more lénc; they are 100 %, or more wide;
are made up of sand, mud and pebbles: have gradients
of four per cent in the tidsl wash zone and 10 per
cent above the high water line. This average maxi-
mum gradisnt of 10 per cent 1s consistent througiout
the southeast coast of Asia,

_‘This region hes excelleat landing are.: for 23
woerations, but considornx_'ﬂ'dr Lacking tcrrlin..
cultlvation, vegetiiion, and population crowding
the coast require that a "limited inland lccc:t“
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(Ccde 2) classiflcztion be plzred na the

coast.

The next sectlion uf Asian coast covers scme
3,800 miles around the Malay Peninsula and up the
coast of Burma and East Pakistan. The many major
beaches in this area are predominantly less than
two miles long; composed of sand (soft when dry),
md and coral in places; have tidal ranges from 2
feet to 20 feet, and surf ranging from onc-foot
heilghts off the Cambodian coast to 20 feet near
Rangoon. The offshore approaches include many
islands, shoals and scattered rocks. The vege-
tation of the backing terrain is indicative of tha
climate in the area. There are dense mangrove
stands, rain forests, palms, and dense secondary
growth, There are swamps and mud lagoons, and few
all-weather roads. Conventional landing conditions
are best durlng the periocd from November through
March. This would be extended where (GENs replaced

conventional vehicles.

The island fringe of southeast Asia is an area
of significant interest tor GEM amphlillous ~vesr-
ations, Prom the weste,. “ip of Susatra to the
eastern tip of New Ou’nea (& a...ance of about

3,200 uiles) are two parallel chains of isiunds
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wilhh irregular coast lines, mountalns, active
volcanos, swamps, thick Jungles, high temperature,
high humidity and ! eavy rainfall. The islands
were severely damaged during World War II and
vegatation now present 1s comparatively new
growth, Rubber and coconut trees are pleantitul,
and remaining growth, other than cultivation, is

nipa swamp: or rain forest.

The Sumatra coast is about 20 per cent Code 1,
all of which 1s on the northeast side of the island;
fifteen per cent is Code 2 which is scattered
throughout the lsland; the remainder is essentially
inaccessible for large scale landings, Java is
30 per cent Code 2; the remainder is Code 3.

Borneo, including Sarawek, is 97 per cent access-
ible to GEMs, The most lnaccessible area is its
northern tip where a 13,455 foot mountain slopes

to the gea.

The cther large island in the zroup is
New Guinea with Code 2 (15 per cent) scattered in
equal amounts throughout the island. The remainder
of the coast 18 Codc 3 because of mountain ~x-
tanding to the sea, coral ,L ''nacles on shore as
well as offsltore, ... dense rain forests to the

water's edge in most cases. The surf in the Code 1
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southern region ruis as high as & feet at times and
the tlde ranges from 2 to 17 feat depending on

the season of the year. Beaches in th2 area vary
from a width of 100 feet to some of 45 feet or
less. Gradients range from one per cent in the
south to nearly vertical in the west. In the east
the beaches are prediminantly steep with a six

per cent to vertical gradient,

Most of the islands which are within ten
degrees of the equator are mountainous, are fringed
with nipa swamps or beach jungle, are ringed with
coral formations, have moderate to very rough surf
(3-12 feet), ant have soft sand, soft mud or coral
beaches. About 60 per cent of the landing beaches
in the area are two miles or more in iasngth and at
low water 80 per cent are 100 fest or nore wide.
At high wator, deperding on the tides prevalent
in the area and the deuch gradients, approximately

‘50 per cen® of the deaches are less than 50 feet
wide with the remainder varying f{rom 50 feet to
100 feet or more in width.

India and Weatern Pakigwan, with 1,430 milcs
of coast line, have 140 1. ¢ 3y beaches. MNore than
80 per cent are over :''o milos .. g and 100 feet

or more wide. The surf, depending on the seasorn,
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runs from 2 feet Lo 8 feet, ant the tides range
from 5 feet to 25 feet. The greatest tidal range
18 located Just north cf Bombay in the Gulf of
Cambay, a region of extensive swamps, mud flats,
and fishing stakes. Generally orfshore approaczhes
are clear except for scattered isle’s, rocks,
shoals and bars, Beach gradients in South Indla
average about 2 per cent while in northern India
and Pakistan they run from flat to over 6 per cent,
Bxits from the beaches in the south are cross-
country to coastal roads and rallroads which are no

more than 2 miles inland in most instances.

Nost besches ars dacisd by swamps, marsnes,
and wasteland for several miles, Hills are jungle
covered and dissected by many streams, Communica-
tions in the delts regions are almost nonexistent
and the coasts are embayed with ahallow approaches
to the shore in these ssctors. All rivers but
the larger, more active ones are 4ry except in the
rainy season. This does not exclude their use by
OEMs as avenues of transportatici vhen n2oastal
Jungles are impenetrabdble.

Weat of Pakistan an. Tndia are the coaxts of
Iran and Saudi Aradbic. There a. 5,000 siles of
every type of coast from intansively oultivatad
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date groves through sand dunes and beach cusps to
rocky hillocks 100 feet high. East of the Persian
Gulf entrance and northwest of the Gulf of Aden

the narrow coastal plain is backed by steep mountains
rising to 8,000 ft. in places. In this region are
mangrove forests, 200-300 foot c¢liffs 1n spots, ani

numerous streams fed from the mountains.

While one-half of the terrain is of this varied
nature, the remainder is generally level, flanked
by rocky promontorieas, low points oif foul ground
and scattered sorudb on the beaches, The beaches
in southeast Saudi Arabia are backed also by orustw,
treacherous salt flats which are impassablc during
the wet season. In the Red Sea ares beach exits
are either nonexistent or unknown and the whole
area is reported to be relatively unexplored. In-
land movement would be coross-country to unpaved
roads which at times may disappear or become im-
passable because of shifuing sand.

The besches are wide at low water, but with
tidal ranges of up tn 12 feet the widths are reduced
to batween 50 and 100 fect with high water, The
sand, shell, and coral surfe. ° have O per zent
or greater slopes in the eastern sectus, znd tend
toward slopes of less than 1 per cent in the west,
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Beach approaches ire restrictec at the north and
south ends of the Red Sea and where the Persian
Gulf flows intoc the Arablan Sea. Otherwise, they
are generally clear but shallow due to silcing and

cofal formations.

The remaining coasts of Asia (Israel, Lebanon,
and Turkey) reprcsent a small portion of the over-all
continent but at the same time are vital areas to
tne Western World because of their strategic loca-
tion. The coast line becomes increasingly rugged
in moving north from Israel to Turkey. In general,
the seaward approaches are clear, btut with scattored
reefs, islets, shoals, and rocky ledges. While land-
ing beaches are avoiladble, many man-made obstruc-
tions exist which would slow down amphibious oper-
ations. The most formidable of these are sea walls,
piere, and oil pipelines offshore from storage tank
farms. These obutacles combined with gravel or
coral beacnes of 3 to 10 per cent slope and a surf
up to eight feet at times could make larding oper-
ations hasardous.

Inland movement of wheel'ed vshicles fr -« the
“eaches on the coast of Ie. =1 18 restricted tc
prepared routes daci.iv Of sand aunes, sandstone
ridges, cliffs, or blufts backing the coastal
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terrain, In Lebancr.. mountains haelke the entire
coast and cross-country travel is hindered by banks,
rock outcrops, stone walls (3 to 4 feet high),

hedgerows and dunee.

The portion of coast from Turkey through to
the Black Sea i1s rugged with sand, pebble and
cobble beaches. The western coasc line of the
Turkish Peninsula is probably the most accessible
coast in this sector. It is cut into many bays
and peninsulas with numerous ofrfshore islanas.
Since central Turkey 1s a vast plateau rimmed by
young folded mountains, its interior is not easily
accessible, These ire narrow pluins between the
mountains and the ihore. Routes o ths plateau
would largely be up stream valleys. In the area
of the Dardanelles and the Bosporus landings
could be made, but iV would de diffiocult for hostile
forces to carry out military uvperations.

Surf{ in this area of the Mediterranean and
Black Seas s rough (breaksrs tc 8 ft.) even though
the tides are negligible. Beach gradients are §
to 10 per cvent on the average for about helfl 0
the 341 beuches. The rema. ‘cr are more gentle,
AbouS half are less the.. two miles long; about
80 per cent range in width from 30 feet to 100
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feet; tre remalnder zre 100 feet or more wide,

The whole area 1s generally a Code 2 region.
3. Africa

The Ai-lcan shore line i1s generally un-
developad; 1t l1s heavily forested in the equatorial
region and the coasy of Mozambique and Tanganyika.
This troplcal rain forest gives way te light
forest and grassland cover the rest of Africa except

in the desert regions of the north and southwest.

Because ¢? its regular coastline, good natural
harbors are scarce In Africa, and much of the coast
1s fringed with sand bars laid down by currents
parallel with the shore. Along vthe equatorial
reglions of the coast, mangrove forests horder the
shores making the approach from the sea difficult.
However, this area 1s classed as Code 2, since the
beaches are cut by numerous streams which would
1llow some¢ linland p.netration for discharge of
troops and suppliles, and would provide conceal-
ment from alr chservation. Normel Jaep water ship
operations are pc . .:ible only orn the Congo River,
Others have delta deposite at the ~coasts whi
resirict river traffic to sha. ~w draf! or no-draft
craft. Many have sevceral navigable sections, but
passage from one section to another is restricted

bacause o1 raplds or waterfalls.
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On the whole, the coastal plain 13 wider on
the east ccast than on the west. This is also
the section of grectest tidal ranges (10 feet
or more). The scuth and southeast coastal sectors
cover all three GEM accessibility codes in a well-
defineu manner within less than 3,000 miles of
South Africa and Mozambique. Riveras offer the main
highways inland but many rapids are present and
detailed rtudy 1s required belore operations can
be planned with any reliability. At {imes of
the year the Orange River, south of the Namibd
Desert, dries up; the rugged terrain surrounding
this section of the coast precludes vehicular travel
at any other point. Other rivers ir. the area are
Ladly silted and must be dredged constantly to
support any but the lightest traff.c into a harbor

or port.

In moving north up the east coast, the topography
changes fiom iand rising in terraces as it approaches
the backing mountains to low, sandy areas with many
swamps. This is also an area of heavy pangrove
forests backing the shores. Wiere landings are
possible, the sand and mya beaches have slo,eb
ranging from 3 to 6 per cent. ™nads . .d Lridges
are often washed out in the ra‘ny sesson and the

necessity of cross-councry travel to reach tracks




and unsurfaced rosd: would pre:sent a problem for
foot troops and wheeled or tracked vehicles dur-
ing the rainy seascn. The coastal plain is 10 to
30 miles wide up through Tanganyika, but is backed

by “he steep ceniral African plateau.

The plains flood readily during the seasocn of
heaviest rains between December and March and malaria
and sleeping sickness are epldemlic along the coast
ans up the-Zambezi River Valley. Backing the man-
grove lined coasts and below the mountains, the
vegetetion coneists primarily of vast savanna. Many
native villages line the coaat, with extensive culti-
vation of sugar, cotton, timber, and coconuts 1n

and near the many stream vallays.

The remainder of the sast coast of Africa 1is
rugged except the 1,200-mile coastline of Italian
Somaliland, Here the beach gradient rangea from
2 per cent to over 6 per cent in places. The back-
ing terrain is progresaively steeper with low
escarpment which 1s further backed Ly narrow sandy
strips. The near terrain is unsuitable for wheeled
vehicles because of dry, looce sand which s . ts
into high dunes. Scanty .. * and btrush growth
in the area would of’»: 1o cbstru.iion to inland

movement. Extensive irrigation is practiced in
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the vicinity of the two main r:vers (Scebeli and
Juba) in the area. Most exits from beaches are
cross~country to ccastal trails and very noor

roads.

The sides of the Red Sea are rugged and
difficult for amphibious landings because of the
mountainous terrailn sloping to tne sea, The area
between thls coast and the Nile River is almost
enitirely uninhabited except in the fertile Nile
Valley. The Nile 4is navigable for over 800 miles
and provides e=sy Code 1 access to the region.
The flood season begins in July and lasts into

October.

Except for the Mediterranean coast and the
Nile Valley, the northern part of Africa is arid,
sandy and supports little vegetation. There are
many coastal roads paralleling the coaat from
Algeria to Egypt with falr cross-country access
from the beaches. In Tunisia, cross-country access
is occasionally impeded by large dunes and 80.:?

lagoons.

Surf on the Mediterranean coast varies !rom a
maxisum of 3 feet in some ar. -~ to 8 foet ia
others, with beach gradients running from 1 per cent

in the western regions to ncarly vertical where the
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Atlas Mountains i1n Algerla meei, the sea. Within
this 3,800 mile region to the Gibraltar Straits
there are 284 major landing beaches. Thirty per
cent of these are partly obstructed by reefs, coral

and sand bars up to five miles from shore.

Around the horn of the western tip of Africa,
Morocce has a largely impenetrable coast because
of the extension of the mountains in this region.
However, there are several falirly large rivers in
the area by which sccess can be obtained to the
interior of ths country. These rivers are un-
navigable for ocean vessels because of sand banka
blocking their moutha, The surf in the area
ranges up to 13 feet and the 3 to 6 per cent
gradient beaches are of firm sand (soft when dry).
Approaches from the Atlantic are somewhat obstructed
by reefs, rocks, bars, wrecka, and fish nets.
Scattered on-shore obstructions consist of low wuve
scarp and 10 to 30 foot sancd ridged and bluffe.
Tidal ranges between 8° and 13° North Lutitude
Are the greatest anywhere along th2s west African
Coast. In addition to the equatorial jungles in the
lower region of the coastal bulge there are large
rubber plantaticiis with tree. -naced 20 oot
apart. There 18 a wide variety of beaches in this

section of the sand and mud coast. There are flat
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beaches and the:z sre those w'%h siopes to 10

per cent; there are beaches less than 50 feet wide
and there are those over 100 feet wide; there are
those with clear offshore approaches and there are
those (in Nigeria and the Cameroons) with scattered
shoals and wrocks. The most consistent feature of
the area i1s the obstruction of near-shore approaches
by suoals, sand bars at river entrances and zcattered
rocks, wrecks and reefs., Nineiy per cent of the
beach exits are cross-country to coastal tracks and

trails which in turn lead to unsurfaced roads.

While the coastal plains are mcre narrow than
those on the cast coast they have meny of thc same
characteristics -- low lying, swampy, sand beaches
backed by marshes or lagoons, undulating dacking
terrain to the mountains. The entirs area 1is
dissected by numerous rivers and stieams. Except
in the arid regions of the Sahara and Namil Deserts,
the entire coast is backed by forests of varying
density -- decreasing in proportion to their

distance from the equator.

There are few good na‘tural harvors,art sea
swells which increase c. “iderably in the south
add to the probler u’ shifting .and aeposits,
completely closing off rivers and ports if dredging




is not emcloyed. Mcre and more jotiles are belng
constructed to halt the meovemerni of the sand, tut
this merely shifts the bar further from the beach,
where the balld-up starts to close “he entrance
all over again.

3. South America

South America and Africa both are cut by
the equator and consequently both have hol, m=oist
Jungles. Whiie South Awerica is jess than two-
thlirds tne size of Africa, 1t has a much greater
quantity and broader area cf rainfali than Africa.
This molisture iz coneentrate?d in the rortherm half
of the continent, setiing the patterrn for the densc
growil of regetation. PFrom the mouth of the San
Pran=13¢o River, near Reclife, doun the coast Lo the
scuthermn tip 27 Braztl are heavy coastsl vegetation
growtns, An isolated coastal sztand of heavy growth
is found frn the vicinity of Talparuiso and Concepclion
in Cnlle. The wein coastal forest region dbegins
in Bcuador and follows the coast nolthwerd, cross-
ing the istisus, then castward pas: the mouth of
the Amazon River. Inland, the trees attain great
height, forming such a dens2 canory that tr  ‘orest
fioor 1s sparsely vegetate. “xcept where lignc can
penstrate. Om the - . .t the trees are low and
stunted, and it 1s difficult to distinguish beiween
trees and shruls.
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The greatest density of Scuth Amerlca's
population is found on the southeast coast of the
continent. The center of this concentration is
the metropolltan area of Buenos Aires., This large
city is located on the Paran: River Delta at the
southern entrance to the fireat Gentral lowland.
This 1s an ares vwith great grasslands similar
to that found in the prairies of North America,
There are well-developed forests along the streams
and grasses on the steppes which cover the southern
end of the lowlunds. The beaches in thia area are
not recommenda.! for conventional amphibious oper~
ations becsuse of their flatness and lack of con-
cealment. There are many bluffs backing the beaches
but continucd inland movement ie possidble by using
the stream beds which dissect the coast in many
places. About 500 miles south of Buenos Aires the
region in arid, and vegetation and population are
sparse, OUnce access to this territory is attained
there wouid be no problem in progressing northward
up the dbackbone of the continent,

In sddition to the Pnran: River besin there are
two other large, ilmost ccatinunus lowlar . associ-
ated with rivers on the . ‘aatic Coast -- the
Orincco and the A<-sun. The Biaztilian Amazonia,
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the lowland bordering the Amazon River and 1ts
tributarlies, makes up about a tuird of Brazll

and includes all of the northern portions. The
entire region 1r one of great uniformity and
exhiblts only slight relief. Fifty per cent of the
area 1s below 500-feet elevation. In the vicinity
of the rivers much of the region 1is swampy and often

flooded during periods of high water.

The coastal plain of Brazil is fairly wide
in the north as it merges with the Amazonian low-
lends and reaches its greatest width at Bahla
where 1t averages about 50 .nlles wide. Prom there
southward it becomes extremely narrow and is rarc'y
mors than a few miles wide in southern Brazll.
Even though Brazil has almost 5,000 miles of coast-
line i1t has few good natural harbors, In the
north and south the low lying, marshy coasts backed
by lagoons have not heen developed because of the
threat of flooding snd the problem of building up
the land to suppert settlement. The eastern coasts
are straight and high, offering ii**’s protection

for harbors.

The shores are comco3zed ol sand which is firm
when wet,. 8lopas ronge frow " 288 than one per cent

to greater than six per cent, The approaches
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offshore are generally clear except for scattered
shoals extending for scome dlstancz ofishore ia
the north and reefs, rocks, shoals and sand bars
in the southern reglo:. Tidal ranges of over 20
feet can be found in the vicinity of the Amazon
River, but generally throughout the rest of the

coast tides are 2-6 faet.

While landings can be made all up and down
the coast, only in the vicinity of the lowlande
of the Parang, Amazon, and Orinoco would the
operation be gimplified. In the lowlands where
flooding has oécurred, the banks are tapered.
Further upstream where the rivers arc narrow and
the flow is swifter, the banks are eroded at the
tuop, leaving steep ridges. In all cases, except
where the influence of civilization has been relt,
the banks are lined with trees. Where the climate
is hot and humid, there 1s dense underzrowih tiong
the banks in areas where the sun penetrates the

shade.

Exits from Atiantic coast beathes by trails
to fair-to-good roads in the Salvador-San Paulo
ares of Brazil. PRurther south. the roads are .ot
as good, Roads in Argenrtina os, -tally, ara ir-
capable of withstanding sustained military traff-c¢.
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The northern part of the continen’ beyond

the Amezon basin 1s generally & Code 2 area ¢xcept
where the lowlands of the Orinoco basin influence
the terrain. The ar¢a has some mud flats and clay
but 1s composed predominantly of sand. The fore-
shore gradlient ranges up to 20 per cent in places
on the coast of Surinam but drops to around 5 per
cent in the backshore area. The Carlibbesan coast
beaches range from an 8 per cent slope to less than

1 pev cent.

Offshore approaches require caution for ship-
ping ln Lhe arca north to Colombia because of foul
ground, scattered rocks, reels, bars and ilslets.
On the nearshore approdch oll-well derricks, plpe
lines, piers and jutties are a hazard when coupled
with 8-foot surf found in the ares& during storms,
The packing Lerpraii. :ongclsts of lagoons, barrier
iglands, marsi {nr+:L stream valleys and some
Quickeard. The area consistis of three types of
coastal terrain: (a: stesp anu rocky with narrow
sandy shores, (L) .ow tn nLilly with some sand
chore3 and some bluffs and ~1iffas, (c) low, flat

swamp with muddy c» sandy sho:res.

In the coastn! area acdun. “he isthaue ¢f

Penama, movement !nlanc ‘s difficult if not impossibdle
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because of thc 2cuntelins backing the shores and
the dense tropiczl forest covering their slopes
dou to the sea The Pacifi: ccast of Colombia
has one of the highest rainfall: in the world and

the area is very humid.

Rivers on this coast are short and swift,
unsuitable for travel by GEM. MoslL are rocky w#ith
many rapids along their cuurses. Sixty per cent
of the surrounding area is unsuitable for GEM
operations. The remainder iz Jode 2 tyne of
teriilory wath steep terrain backing the shrres.

Along the shorea of Colombis ara Bcuador, t':e
surf runs above 10 feet at times and the tides
range from & to 13 {eel. iides a' the souziern
tip of Chile in the Chonos Archipelago range as
high as 20 feet in places and thne sur: is vio.eat
{15 Ceet or more) siong the whole socuthwest coast
during winter and spring.

Most of the roads on the coast are poor, and
not comected. They must be su.plemerted vy trails,
wvatervays and railways. Deceuse of the mountain-
ous terrain and the hl-—n cost cof highways, the most
frequently used rc:*es aw ;. "vo¥ t-alls suitadle
for pack animals. In Chile, coastal m™mads are
nearly nonsxistent. Domestic and international




aviation 1s well developed to comhat the

difricult problems of communicatlion imposed by

the terrain. The Ccde 2 classiflication for the
coastal area surrcunding Concepciéh, Chile, is a
borderiine classification. Landings could be

made, but penetration of the coast beyond the beach
with GEMs would be in the stream v:lley areas only

and would be extremely limited.

5. North America

As in South America, the western cunsrs of the
continent are the most rugged. It is almest &
biiigia great chain ¢f mountains beginning in
Alaska and extending scuthward through Canada, the
United States, and Central America, In Central
America, highlands extend almost without a break
throughout the length of the narrow body of land.
The only extensive erea of le.el land occurs in
the Yucatan Peninsula of Mexico. Elsewhere, plains

~id Jowlanas ape Tew,

The coastal plains are narrow. alu-.s vha Pacifie
and slightly wider on the Caribhean side. 7The
coast 15 dueply indnated and irregular. T onsts
¢ the Gull of Mexico and .. - Carivbean are marked
by large bays anc l.,.vns. The ortchore approaches

on both sides of the isthmus arc generaliy clear
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wlth scattered islands and extensive c¢oral forma-
tions obstructing the near-shore apvroaches. As
the llne of greatest elevatlion,K is generally nearer
the Pacific than the Ceribbean, the rivers draining
to the west are short and swlft flowing. Dense

tropical rain forest occurs on the wetter lowlands

with mangrove predominating on the coasts.

Exits inland from beaches in Central America
are poor and in most cases consist of tracks lead-
ing to urban areas. Highways ére well-developed
only around large citles, Large sectlons of the

-

area are without roads suitablie ™ . veicular
traffic and =+ .. 0 exist are lmpassable

in wet weatt . f.r and water traffic are both
imporiant in ‘entral Amerlca largely as a result
of the inade¢ atc and primi‘ive !in” transporta-
fion. Rivers and lakes fo 1 important rouves: -

and coastal n: -igatlion is v ¢cn used.

Tiere are 1any beach.i nuitable tor landling
in the Central merica ar--. They range from 25
feet to over 1C fecet win. and about half are two
or more miiee Il g. San. .5 the general beach
material and it 'c firm ren wet, (radients on
sho Atlantic oid ave 4 w2 cent tu ~Arly hori-
zontal while on 1 e Pac::iic silde they run from 1

per cent to.avout-3 pe: :cent.

- 4.
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On the Pacific slde off the coaat of Guatemala,
the tldes are the highest in the area and often
run over 10 feet. On the Atlantlic side of Guatemala
(and British Honduras,) the surf 1is the highest --
up to 12 feet atuti&es. Approaches to the shores
are partly obstructed by barrier reefs, shell
ridges, coral heads and sand bars on both oceans.
Backling the beaches are some low scarps, dunes,

mangrove forests and swamps.

The Mexican coastline totals about £,470 miles,
with 1,710 miles on the east and 3,760 on the west.
In-addition to the continental portion, Mexico
includes the two large peningulas of Lower California
on the Pacific side and Yucatan on the Gulf of Mexico
side. The Lower Californie section extends south-
ward “vom the main continent about 760 miles,
paralleling the Mexilcan malnland. It i1s rugged
with numerous landing beaches but with few vehicular
exits from the beaches. This area ranges from one
to seven mlles inland ard 1s Lacked by mountains
Wwlth steep-sided valleys and one or mora nf the
following:;'riﬂges, scarpe, strips of sand, dunes,
hillls, intermittent streams and lagoona. Tids . in
the norsechoe ares in the no. «rn pert of the
Gulf of California rur . high as ¢u feet with the

remainder .of the coast tapering to as low as J-foot
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tides. Surf in the upper Gulf is very mild (one
to two feet) while in tre less protected waters
it runs as high as 8 feet, depending on the season

and weather.

Gradlents on the peninsula as well as the
mainland rang2? from 2 per cent to around 9 per
cent with predominantly sand beaches. The approaches
from the west are clesr on the peninsula but the
approaches to the mainland are channelized and
obstructed by rocks, reefs, 1slets, and shoals.
The mainland backlng terrain is similar to that on
cthe peningula but not as rupgged, with easier exits
by tracks to coastal roads and railroads. At the
southern end of Mexlco there 1s a narrow plain
acros3 the Isthmus of Tehuantepec which extends to
the east coast. In other sectors of the west coast
there ure more narrow corridors or lowlaads which

extend to the interinr frum most beachas,

On the east coasl the Yucatan Peninsula extends
to the northward about 280 miles into the Oulf of
Mexico. It is an area of low-lvirg cshy land
with few lakes or rivers. Waiile not as extenaive
as on the peninsula, th«:e ars lowlands t: -oughout
che whole easvern coast., 1. * axtend somt 30-miles
inland and form a tropical telt waich ic heavily
forested, The coast is deeply indented with bays
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and gulfc, There a2 many large lslands off t

coast.

Becaase of shallow lagoons, silted river
and shallow water, there are no natural i.crbor
the east coast. (The west coast, in contrast,
has some of the finest natural harbors in the
Acapulco being an exauple.) There are five ri
on the Atlantic side which are navigable for s
distance from their mouths. A constant check
kept on the delta depths to assure that siltir
does not close the channels. The surf is gene
rough (5-8 feet) but tides are mild, ranging
betwcen 1 and 3 feet during the year., The san
shell beaches have about a 4 per cent slope in
tidal wash zone, up to about 7 per cent in the

above high tide.

Cuba and other islands of the West Indies
about the same coastal features as eastern Mex
They are broken, sandy shore lines with numero
bays, inlets, coves, and lagoons. Island inte
are usually heavily wooded with heavily cultiv
sloping plains to the sea. Thers 2 e many bro

rivers in Cuba 't only one of commercial impo

The Atlantic and Quif Coastal Plains of ¢t
United Jtates stretch from Cape Cod to Florida
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and along the Gulf of Maxico. The area 1s
generally low-lylng and cut by many streams.
is deeply Iindented and marked by coastal lagoor
tidal ma.shes, deltas, and splits. The inner b
of the Atlantic Plain is the fall line of the
Appalachian Highland and the Gulf Coastal Plal.
extends north to the interior highlands and ce

lowland.

The eastern coast is generally level and
marked by a 10-mile-wide coastal belt of swamp
land in the southern two-thirds of the country
Bordering the coast 13 a serles nf low sea 1sl
built by silt from the rivers and separated fr
the mainland by inlets and salt-water rivers w

ropg the greater part of an iniand waterway pa

leling the ~oast. The cenural coast rises abo'

3 feet por ma'e T 8ea level to about }Oo‘te :

in the vicinisy of Washlington, D, ¢. The sarl
of the beaches 18 predominantly sand in the so
§hd gradually becomes mor: rocky on the northe

c&aata of Maine,

The northern Atlantic ccastes of Ncrth Ame
ace rocky with-vicre sslt marshes .nd narrow, s
beaches. Tﬁeré'are ‘qpate oars, >ffshore isl

and rumerous wash crevassce, coastal settlemen
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gtreams, and evergreen foresis. Tides o
coatt range from 9 feet co over 30 feet
Hudson Bay area. The surf along the Nor

1e over eight feet during the winter sto

The Gulf of St. Lawrence is particu
cluttered with 1slands and restricted ch
The beaches in that reglon are composed
mud, a8 well as cobblestones, The wide
valleys of Nova Scotia, New Brunswick an
Lawrence region are highly populated, an
satinna routes are highly concelitrated 1
east sector. The coastal terrain in sou
is steep and tree-lined with a submerged
and marsh area near the Bay of Pundy T
Labrador is steep and rocky and densely
The Hudson Bay area has a lowland belt o
backing the shore which is icebound most
year. Almost 50 per cent of Canada drail:
Hudson Bay and the many stream valleys 1
even though rocky, ~ffer reasonable acce
inland areas by GFMs from the bay.

The island arca within the Arctic ¢
Archipelusc) mmbruces a vas. triangular -
cf islands wrn. Y are part ~7 the coastal

sloping gently to the Arctic Ocean. The
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svreams, and evergreen foresis. T!dex along this
coast range from 9 feet to over 30 feet in the
Hudson Bay area. The surf along the North Atlantic

1s over eight feet dur.ng the winter storm season.

Tha Gulf of St. Lawrence 1s particularly
cluttered with i1slands and restricted channels.
The beaches in that reglon are composed of silt and
mud, as well as cobblestones. The wide cultivated
valleys of Nova Scotia, New Brunswick and the St.
Lawrence region are highly populated, and communi-
catinns routes are highly concentrated in the south-
east sector. The coastal terralp in southern Canada
is steep and tree-lined with a submerged forest
and marsh area near the Bay nf Pundy. The coast of
Labrador ias steep and rocky and densely forested.
The Hudson Bay area has a lowland belt of trees
backing the shore which is i1cebound most o' the
year. Almost 50 per cent of Canada drains into
Hudson Bay and the many stream valleys in the area,
even though rocky, offer reasonable acccss to the
inland areas by (EMs from the bay.

The island arca within the Arctic Cirecle (Arctic
Archipelago) amhruces a vast triangular shaped ,roup
of islands which are part of the « -“atal piaina
sloping gently to the Arctic Ocean. The area is ice
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bound much of the year but the general terrain should
offer no obstacles to inland access in many areas,
The only vegetation in the area is of the tundra
dwarf-tree type. The Mackenzie River Valley offers
an easy route inland especially during *he cold,

frozen season.

West of the Mackenzie River are the Richardson
Mountains, blending into the Brooks Range in Alaska,
This is extremely rugged territory with the north.
coast of Alaska following the frozen~patterp of
northern Canads, MMmring the thawing season,overland
travel is practically imposs'ble by conventional i
means. The coastal backing terrain is fairly iiv&l
but the area is covered with innumerable lakes.

The area is usually completely lsolated because of
the formidable range of mountains. Air travel 1s
the only feaslble mode eight months of the year.

Further westwa-d and southward around %he coast
is more of th» sama rugged terrain. In placee the
mountains extand to the sca and in others th¢ sand,
pebble and ccbb.e beachss are backed ., .agoons and
intersected by streamr. The sonatant freesing and
thawing makes the area unsulistle for any whee.ad
vealcles larger tnar. a jaep. Tu. ery irregular
rhoreline hss limited erits along gullies or between
lagoons to the tundra “arther inland. Moot deaches
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are backed by bluffs. Only tracked -—ehicles

could be used for medium heavy-duty operations

on land heretofore. GEMs will offer significant
advancement in this a.:=a n +he future. Offshore
approaches are cluttered with scattered shoals,
rocks and islets south and east of the Alaskan
Peninsula. North of this area the sea approach is
generally clear. The islands and peninsula are
croased with nany streams orn their relatlively
level northern side, but on the Pacific side all

shores arc stcep and rugged right to the sea.

The Yukon River provides {hc chores along the
Bering Sea with a Code 1 classification because of
its access route to the interici:. PFarther south,
Cook Inlet provides a protected area for landings,
but the primary exit inland through the aurrounding
mountains is by the Alaska Railroad.

Farther south along the coast 15the highest
e most rugicd porticn of Canada. This region
includes the offshore islands and the Coast and
St. Elias Mountains in the most wesleiiy sector.
The coast line is penetrated by many fiords wifhw -
steep shores and backing terrain. Among the
numerous islands frontine the sh. -~ are the large
Vancouver Island and the Queen Charlotte group, all

-¢es~




of which are a part of the complex which forms com-
paratively restricted and channelizec approaches to
the mainland., The only place of any sizZe on the
coast lower than 1000 feet is at the mouth of the
Fraser River at Vancouver, B.C. Landings that could
be accomplished in the area would be restricted in
size and inland access by heavy woods andi rugged

terraln.

The west coast of the United States is a con-
tinuation of the features found on the Canadian
coast, but the density of ruggedness decresses to-
ward €he south. Porests of pine and fir mwmntle
much of the area with wide belts of redwood along
the coast in the aouth. Puget Sound area is the
lowest coastal area in the north. It offers water-
way penetration for about 100 milea east plus its
southward branches--Admiralty Inlstl and Hood Canal
(60 miles). The surrounding shores are densely

forested,

The coastal ranges paralleling the shores of
the northern area are interrupted by ceveral
valleys. The shores are predominantly rocky
and steep slopes forwm the barking terrain. Rivers

and river valleys offer “he bert . ‘and rnutes,
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e.g., the Columbla River 1s navigable with small
ships for about 460 miles. Besides the wide

mouth o' the Columblia, there are seversl small bays
and harbors. There ar: many beaches in the area
and several coastal parks. Exits inland zre by
scattered roads, tracxks, and cross-country to many

coastal highways which parallel the snores.

In general, the coastal plain 1s extremely
narrow but widens out somewhat in the south. San
Francisco and Monterey bays are the only major in-
dentations in the southorn sestlszn with +ha former
providing one of the worldis greatest natural har-
bors. Tn other regions the beaches are backed by
rocky ¢liffs, bluffs, wooded areas, or densely
settled regiona. While offshore approaches for
GEMs would be generally clear, continued inland
movement would best be accomplished by whiotled
vehicles except where rivers and suitadble adjacent

valleys are available.

6. Australia, New Zealand, and Pacific Islunds Arees

Oceanla was most effectiveiv brought to world
attention during Werld War IF. It was this ares
that really tested tiiph!'dious {a. -ibioue)
strategy, capability, and flexibility.
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Many wrecks stlll remaining in tne.area re-
sulted from grounding on shoals or severe damage
inflicted by coral r:efs ani not from enemy action.
The 1250 mile coral reef guarding the northeast
coast of Australia has long been a hazard to marine
navigation in that arca. At high tide the reef is
submerged: at low tide it is partially exposed. A
GFM capable of operating two feet off the surface
shovld have no problem crossing the area, Surf
in the area is strong and during severe storms
damage to the boitom of AEM could result in pitch-
ing wer® & nroblem anc the craft "grounded" on the

coral while moving forward at high speeds,

in the extivme northeastern section of
Qucenslend Province, even afior c¢rcasing the bar-
rier reef successfully, a landing would be dif-
ficult in the region around Musgrave and Cooktown.
This area contains the extrcme northern tip of
the (Oreat Dividing Range which extend. to the z2ea.
On either side of this area i3 a Cozie 2 region where
landings may be made, but inland movement by
GEM would be impossidbls with today's developr u't,
Th's region is rugged and tr. ‘cal rain foreat

vegetation covers the ..ea,
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The southern coasts of Austrsila are charsac-
terized by rugged cliffs, many bays and inlets,
and good natural harbors. Bastern Australia and
Tasmanlia have coasts of rocky headlands and bays
with some wide sandy beaches. Southeastern
Queensland, eastern New South Wales ind Victoria
are the most populated areas in Australia. The
southern end of the Great Dividing Range extends
into the Great Valley of Victorla. The coastal
region of New South Wales and Victoria supports
a thick growth of Eucalyptus trees, some of which
grow 300 feet or more high. The combination of
topography, population, and vegetation causes
this region to be classed as unsuitable for
amphibious GEM operations in the region between
Sandy Cape and Sydney and limited-suitable

(Code 2) in the surrounding area.

The northern coasts are low and ievel around
the shallow Gulf of Carpentaria, but farther west
they become very indented as the land rises higher,
shores become cliffy. and coral reefls -orpoexr
off the coast at Cape Londonderry. The surround-
ing area, eastward froa Queens Channel in Not harn
Territory and westward from a. ~ Souud at Derbdy,
Western Australia, wii. allow penetration inland
through the shores or through rivers and estukrici.

-225%-




The west coast 1s more regular snd the north-
moving offshore cuirent crestes numerous large
sandbars which protect the ccast from the south and
west. The hignest t: ies in Auetralia are prevalent
in this reglon ranging from 3 feet up to 31 feet.
From West Cape Howe in the south to Cape Londonderry
in the north the vezetation is varied and Folinwa
the general pattern expected in the climate charac-
teristic of the area. Eucalyptus ard wocdland
growth around Perth in the scuth give way to
mallee scrub and mulga savanneh in the arid cen-
tral coast and temperate mixed forest in Lne ex-

treme northern area.

New Zealand, with & coastline of 3000 miles
and tidal range of % feet to 15 feet is a land of
many faces, The rcoky coast is generally straight
with few good natural harbors. The shores are
bordered by extensive beds of sand and shingle
which continually bilock river mouths and hardbors.
The islards are 18 per cent forested. This is
predominantly on the west coast of the scuth island
and the center of the rorvh islsnd. The two main
islunds are extremely mounca‘ncis but are cut
rivers and "U"-shaped valleys hich provide access
to the area at the extra»: nortnern .ip and the

extrems southern tip of the islands,
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The remainder of Oceania repreasents 8 rela-
tively smal® parc of the over-ail lancd-mass of the
sector, but its significance in world-wide politics
mist not be overlo :ked or underestimated. It ex-~
tends north as far as the Hawaiian Group and west

as rar as New Guinsa and the Carolines.

In the Hawaiian Islands, for example, GEMs
would aoffer rapid inter-island transportation to
augment air travel and supplement marine travel
but inland use would be severely restricted. The
islands 2-e mostly mountainous with cliffy head-
lands in the northern parts of most islands.
Fifty per cent of the islands have rugged coasts
with sheer, impassable cliffs and deep rivers,
while the other 50 per cent are composed of white
beaches and marginal lowlands. ‘The islands are
made up of five valceni: mountains and are one of
the fow arees in the world that are still in the
process of formation. Ialand approaches are gen-
erally clesar for this reascu--even though the water
and temperature conditions are ideal for large

cora. formations.




II. CLASSIFICATION OF MILITARY GROUND EFFZICT MACHINES

1. INTRODUCTION

The world-wlde environmental data summarized in Chapter I
may be used as & basls for classifying military Ground Ef’ect
Machines into families by size and operating height. The dis-
tinction betvieen marine, amphibious, and overlard operations
is retalned during this classification, although a certain

amount of overlapping may easily be anticlipated.

e
Lt

The approach to vehicie classification on the basis of
the operational environment is perhaps unique. Such an approach,
however, seems more appropriate than optimization of vahicle
parameters and then searching for potential applications. The
development cf GEM classes wiihin this chapter is carried out
within the broadest boundaries of “practical” GEM designs,
The classification itself puts very specific limits on how big
the GEM cen be and what it must do. Tha tebulation of vehicler
in Tables 11, 13 and 15 is, in efifect, an envelope of basic
vehicle requirements within the three categories of anticipated
operation. The following ground rules, outiined in the
Introduction to Chapter I, should b~ Vept in mind:

(1) The development of tiwx. UEM classification considers
only vehicles for transport of personnel an! cargo.

Special purpose vehicles are not included.




(2) No significant breakthroughs in the present state-

of-the-art have been ussumed, &lthough mprovements in

component and system efficiencies are included.

DISCUSSION AND CLASSIFICATION OF MILITARY GHOUND EFFECT
MACHINES - MARINE _

— armpa——

Climatic and oceanographic data for the ocean areas of

the world are summarized in Chapter I, Section 2, These

data form the basis for a classification of marine Qround

Effect Machines. Table 7 shows the environmer.tal factors hav-

ing most specific influence on marine GEM operations.

(1) Wave Height

For the majority of marine cperations, the wave
height in the operating area will be the most significant
environmental factor present., Wave height determines ‘the
minimur GEM operating height. At high forward speeds,
the venicle will not be able to follow the wave system
witnout exceeding human and st.uctural acceleration
lirits. PFor the same reasons, it should not hit any
wave crests. Bxperience to date ca model and prototype
OEM vehicles indicates that an operating height equal to
one-hslf the wave height (trough to crest), is adequate
for cruise operation without hittinz wave crests.

kave heights throughout the . ‘«an areas of +he world
have pronounced ssasonal variation. Pigures 10 and 12




Table 7

Environmental Factors in Marine Operations

Ervironmental Factor

Influence

Wave height

Sea ice

Wind

Temperature

Salt spray

Other climatic factors
Induced environment factors
Combat environment factors

Operating height, area and

searonal limitations.

Operating height, area and
seasonal limitations.

Control power design speeds.

Powerplant output, super-
structure icing - Chapter III.

Design and equipment requiree
ments - Chapter 1V,

Design and equipment require-
ments - Chapters IIL IV,




in Chapter I, folluwing page 85, show the frequencies of
five-and 12-foot waves over the oceans of the world, dur-
ing the local winter seascn and the local summer season.

Table 8 summarizee these data.

" From the tabulated wave-lieight data, a range of sea-
sonal operating feasibility can be developed for the major
ocean areas of the world, divided into latitude bandé.
These results are tabvlated in Table 9. The data in
Table 9 provide a sound basis for classification of marine
Ground Effect Machines, with operating height as the
primary parameter,

(2) Sea Ice o

' e occurrence and height of solid and floating sea
ice has a significant effect on the operations of marine
QGEMs.. Pigures 8 and 12 in Chapter I, following page U5,
sumarizes the ocuurrence of sea ice in the winter and
summer hemispheres. Reterance to these figures and the
accompanying discussion shows that these areas are linm-
1ted to above 60° N in the winter and above 80° N in the
sumser, in the North Atlantic Ocean; whilu in the North
Pacific the occurrence of sea ice is very un~ommon even
during the wirier. In ths southern hemiaphere, the ice
pack around the Antarctic continent extsnds to 6° 8 in
the Ps:ific, and 56° 8 in the At.. ~tic in the winter,
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Table 8
Summary of Wave Height Data
(See Figuresl0 g 1d 12, Chapter I)

Percentage Occurrence of Waves

Summer Winter
Ocean Latitude >5ft. >12 ft. >5 ft. . >12 ft.
North Atlantic 0-20° N 10-30 neg( 5) 10-50 <5
20-40° N 5-30 neg 20-70 neg-20
40-60° N 20-50 neg-10  40-80 10-30
North Pacific 0-20° N <10 neg neg~30 neg
20-40° N neg-19 neg-5 10-80 neg- 30
40-60° N neg-20 neg-5 10-80 10-30
South Atlantic 0-3¢°s <30 neg neg-30 neg
20-40° 8 10-40 neg-10 neg-60 neg
40-60° 8 30-80 10-40 20-80 neg-20
South Pacific 0-20°8 <20 neg neg-30  neg
20-40° § 10-50 neg-10  10-50 neg-10
40-60° 8 40-80 neg-10  30-70 10-40
Indian 0-20° N neg-50 neg-10 <10 neg
0-20°8 neg-30 neg reg-60 neg
20-40° 8 10-40 neg 10-80 neg-19
40-60°8 20-60 5-40 20-6" neg-20
L
Arctic Above 80° N neg-40 ~eg-20 10-50 5-40
»
Antarctic Above 80° 8~ 2v-10 neg-60  10-80 neg-30

*Partially ice covered - Ses Figure 8




Tahle 8

Seasonal Operating Feasibility - Ocean Areas

Percentage of Timne Operstions are Feasibic at Given Heights

Summer Winter
GEM Operating Height (ft) 3.5 6 2.5 6
Qcean Latitude
North Atlantic 0° - 20°N 60-80 95 $0-90 95+
20° - 40° N 70-85 98 30-80 80-985
40° - 80° N 50-70 90-95  20-60 50-90
North Pacific 0°-20°N o0+ 98+ 70-90+ 95
20° - 40° N 90-93 95+ 20-90 70-93
40° - 80° N 80-98 95+ 20-90 70-80
South Atlantic 0°-20°s 80+ ) 70-90+ 95
20° - 40°5  60-90 90-08  40-00+ 93
40°-6°3 40-70 80-90  320-80 80-95
South Pacific 0°-20°s @0+ 95 70-90+ 95
20° - 40°8  50-90 90-65  50-90 90-95
4c°-60°8 20-60 30-98  30-70  60-90
Indian 0°-20°N 80-95 90-96+ 90+ 95
0% - 20°8 80-98 o 80-00+ &5
20° - 40°8 0-90 08 40-90 90-95
40°-60°8 w0-9 8028  40-i- 80-95
Arctic Above 60° N 80-98 %0-98  50-9 60-95
Antarctic Above 80° 8 30-80 40-98  50-90 70-98




while receding to near the .continental limits in the

summer.

P

Very little quanti‘“ative data dhout thickness of ice
and surface roughness are presently aveéllable but, for
exa.mple, ice hmmnocks 20-25 feet: h;tgh occur in the
Arctic Ocean, north of the U.8.8. p; The fringes of the
ice pack are likely to have rough mrraces and large
floating fragments, and should be gomed for most GEM
operations. Since ocean-going om,s: will probably have
to be equipped with radar for colli;iion avoidance,
operation in areas of infrequent 1§§bergs should not be
o

particularly hazardous.

(3) ¥ind

Winds are more ugniticnnt"‘in marine GEM operations
than in overland and amphibious operatiorns. This 18 a
result of the higher occurrence of prevailing surface
winds over water areas than over land, as well as the
negessity to provide fusl reserves for longer-range oper-

ations.

Since the OEM operates as o free ai: vehicle (except
vehicles with sidewalls), the sffect of wind 1s similar
to that on airceraft. Garound siweds are reduced .y head-
«inds and increased by tallwinds. “~aponenis cf wind
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normal to the flight path require control power for

crabbing the vehicle inte the wind.

Wind data for the ocean areas of the world have
been summarized in Chapter I, Figures 9 and 11, follow-
ing pagz 85. These maps show the percentage occurrence
of surface winds above 10 knots and abtove 33 knots
{gule force). The wind data distribution is'. similar
to %hosc for wave heights, since wave height i3 largely
a functior of wind., Accordingly, the requirements for
operation in frequent high winds usnally accompanies the
requirement for operation in frequent high waves. Table
10 summarizing occurrence of winda above 10 knots and
above 33 knots may be matched closely with Tatle §
uhéuing occurrence of specified wave heights. The data
of Table 10 may be used to further specify the basic
parameters for marine GEM vehicles in terms of control
power requirements and in terms of cesign speeds reqQuired
to achieve a given point-to-point speed.

Por operation in coastsl waters only, the requirements
for traversing wave systems are often greatly reduced. bMhile
wave heights will be & less severe limitaiion; ice, wind, surf,
and width of channels will determine the feasidility and-re-
quirements for GEM operations. Puriher analysis of s.ich opere-
tiont 8 cuntained in the next section “ this chapter,




Table 10 “‘
Summary of Wind-Data .. . ...
(See Figurs9 s 1d 1§, Chapter 1)

Percentage Occurrence of Winds

Summer Winter
Ocean Latitude >10 ktas >33 kts N0 kts >33 kts
North Atlantic 0°-20°N  10-60 <3 30-60 <5
20° - 40°N  10-60 <3 30-80 neg-15
40° - 60°N  30-60 neg-5 60-90 10-30
North Pacific 0°-20°N 10-60 <85  ° 40-60 <s
20° - 40°N  10-60 <5 40-70  5-15
40°-60°N  10-50 neg-5 80-80 §-°0
South Atlantic 0°-20°s  20-%0 <s 20-60 <5
20° - 40°s  20-70 neg-5 40-80  neg-1$
40° - r0°s  60-80 5-18 60-90 520
South Pacific 0°-20s  10-60 <3 30-60 <S
20°-40°s  10-60 neg-$ 40-70 neg 10
40°-60°8  s0-80 5-18 80-90 5-20
Indian 0°-30°N  40-70 neg-15  10-50 <s
0°-20°8  10-60 <3 20-80 <s
20° - 40° s 40-70 neg-5% 80-80 neg-10
40°-60°38 50-80 . 3415 80 -00 10 20
Arctic Above 80°N  30-80 neg-10 60-9y 15-30

Antarclic Above 60“8 NoinN:ta--- - -~-NoData - - -~ « « -




The suggested classiri:cation of marire GEMs is given in
Table 11, There are two broad groups of vehicles classified
in this table, Classes I to V are merine GEMS with conven-
tional annular Jet or plenum chamber systems. Classes I-A to
V-A are marine sidewall GEMs with solid portions of the vehicle
extanding below the water surface, in the most typical case

along the longitudinal dimensicns only.

The sidewall GEM has been shown to have lower power re-
quirements at low speeds. Its high-speed capabllity is,
however, severcly limited by wave drag. The sidewall GEM is
also precluded from all operations outside water arcas, except
by very special design and construction. FPFor overwater use
the stabiiity afforded by surface contact may in some cases
outweigh the speed and operating area limitations imposed
on the sidewall configuretions. The effects of operations in
wave systems on sidewall configurations are being investigated.
Until further Lest results are availadble, it 1is considered
agpropriate to elnssi{y these with the same size full ORM

configurations,

T™he classification of marine GENs outlined in Table 11
s based on planform sizes and operating heights appropriate
for overvwater operations. The sorresponding sidewall con-
figurations listed in the right coluans of Tadle 11 arv in-
tendec for use on water surfaces only, W.. ‘e the 'fuil IEM"
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4.

(fu1l peripheral jet or curtali) configuritions may have
limited operating capability in cleared land areas adjacent

to waterways.

For each marine vehicle class the normal crulse height is
the operating height above the undisturbed water surface for
the design crulse speed. Because of the depreasion of the
water surface by the air cushion at hover and at low speeds,
the design height for determination of powe= requirements will
he somewhat greater, particularly for high planform loading
GEMs .

The maximum orui;e height is the operating height at
cruise power for operating oﬁer wave systems at speocds from
one-half to two-thirds of normal cruise speed. The maximum
cruise heiyht for marine GEMs has been chosen as npproxinatoly
50 per cent above the normal cruise height. Analysis of power
requirements for current state-of-the-art GEMs shows that
this hejight can de maintained at about the same over-all
oruise power, if the speed is reduced to one-half to tsdgeaapag

of normal oruise spead.

With the operating condition of Lhe veldcin ncignt equs’
to half of the wave height, the seasonal opcxutins tuos:bxltcy
in the open sea 2an d¥ roughly dotozainod by rof.ronot R
Table .3, inspection of Figures 10 and e uil;l howevt., give
a gomewhat bdatter seographic ploture éfLoporitxng feasibility

in a given area,




The warning previously given about agplleation of theoe

results should be kept in mind: planning a specific operation

or route requires the applic~tion of data more detailed than

that presented in this chapter.

The desig.. winds listed in Table 1l are the maximum winds
likely to be encountered it least 10 per ceni of the time in
the areas with wave helghts mat~-hing the maxiium operating
helghts specified for emcli ziags. Control power and propulsion
power for each class of vehicle snouid be sufficlert *to pro-
vide the desired performance in all winda up to the value given,
Alternately. a vehicle spucificatica shon'd indicate acceptable

perfermance degradation in the precorce cf theas winds,

Pending the outoome of ourrent laboratory investigations,
the aidewall configurations are classified on the basis of
base clearance heights (nollﬁrod from the bottoa of the
vehicle, not including the sidewalls or skegs) equal to the
LAXiDuA oruise hélshto of the fuil GEM oonflcﬁrutionl. thnvi
more data become available on structursl loads and stability
5¢ the sidewall configurations in wave systess, the classifi-
cati?n may be modified 1if nﬁtelllry. »

.-Errectq.c: :e:pbfaturc. salt spray, Aﬁd other climatlic
cactors, as well cs thoee of tho‘tnnﬁood and couba% etiviron-
merts, are discusssd in Chayter III, A . ‘af discuscicn of
vehiole performance within ghu classificatior of Table 11 is

2
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rresented in Chapter IV, “h.c :includec the davelopment of

power requlrements and payloed-ronge capabilities,

A parameter of particu ar importance in marine operations
i® vehicle cruising range. It is perhaps obvious that the
smaller vehicles cannot operate freely in ocean areas, even
during, the calmer periods, becausc their range 1is ‘limited by
the available fuel load, Some further discussion of fuel con-‘

sumption and rarge determination 1s included in Chapter IV,

Vrom the environmental point of view desirable ranges
for marine GEMs are a few miles - fan travel from o matinland
to offshore islands -- to transoceanic stage lengths upwards
of 2,5C0 nautical miles, Because of the great variety of ar-~as
in which military (or commercial) marine GEMs may be oneratéd,

two exarmples of typical numbers in the range problem may be

useful,

Assume marine GEM operations are being carried out on a
general netwerk of routes in two areas: the Mediterranean Sea
‘and the “outheast Asis 1sland fringe. What ranges woﬁld'be'~
appropriate for these operations? By neglecting, for the
moment, all cther considerationt, wome typlczl range numbers

can be nbtained,

The Mediterranean Sea is about . 200 miles long,~but

mostly less than 350 miles wid= {all aistu...e8 in nautical
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miles). Overwater distancec betwesn pairs of terminsls,

grouped in convenlent riage leiwi s, are lisied below:

10N miles:

100-200 miles:

200-300 miles:

;. 300-500 miles:

venice-Irieste, Beirut-Cyprus, Malta-
81elly, Sieily-Tunisia, Tangier-

Gibrrnlitar, Nice-Coreica.

Rome-Sardinia, Marseilles-Corsica,
Athens-Crate, Tripoli-Mzlta, Palermo-
Naples, Alglers-Coast cf Spain.

Rome -Marseilles, Algiers-Barcelona,
Alexundria-Coast cf' Turkey, a.is<is-

Coasc of Libya, Bilzerte-Naples.

Algiers-Marseilles, Alglers-Gibraltar,
Barcei.na-Rome, Alexandria-Athens,

Palemo-Genoa, Tunis-QGenoca.

Marine GEM operations in Southeast Asis would connect a

nwivel ¢y lalands wivii each olLier ana with the mainland. A

representative area would inclucde Indonasiu, the Philippines,

Talwan, the crastal area of China, Indochtina, Thailand, Burma,

and the Malay Peninsule. Distarcas between i3lands within the

Philippine zroup averages less than %0 miles, wiille in

Indonesié the range is 50-200 miles. Distance between island

groups in this area and the mali’and vuri.. from 100 to 600
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miles, ‘Some representat.ive ovarwater discances within this

area ace ¢iven below (all in nauticai miles):

Hong Kong-Taiwan 330
ilong Kong-Philippires (Lingayen Gulf) 500
Salson-8ingapore » 590
Saigcon-Borneo 620
Singapore-Djakarta 480
Taiwan-Amoy 13C
Zerneo-Manila 560
Java-Bornen 260

The two examples above are representative of some of the
ar.as of tae world with numerous svorwater routes, Military
plenners will be able to adant the range Juta prosented in
Chapter IV to the particular area of interest. For the pres-
ent, range requirements i1l not he specified within the marine
JEM classificaticn

3. DISCUSSION AND CLA ICATION OF MILITARY GROUND EFFECT
. HRCHIRES OV o oo MILETAY GROUND JPFRER

The world-wids environmental data for overland operation

¢f Ground Effect Machines are sumarized in Crhapter I, sec-
tion 3. The background duts are contained within Appendix B.
Based on the available state-of-the-srt data (29, 32, .7, 39)
for G24 design and performance, Mble i2 . ~ws specific in-

fluences of each factor on the Lasic vehicle parametervs,
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Table 12
Environmental Factors in Overland Operations

(-2 -]

Environmental Factor Influence
. Altitude, temperature, humidity Power plant performance
. Slope of surface terrain Power rejuirements, area
limitations
. Drainage features Vehicie gize, area iimita-

tions, speed limitations

. Veyetation and surface cover Operating hoights, vehicle
size, area limitations

. Terrain obstructions and Operating heights, power
discontinuities requirements, speed limitations
Wina Control power

. Saund and dust Downwash cor.trol - Chapter [I1

. Other climatic factors Design and equipment

. Induced environicent factors

. Cnmbat envisinment factors requirements - Chapters 111, 1V




These factors are discussed in some detall La tha Srllaslng

paragraphs,

(1) Altitude, Temperature, and Humidity

These factors influence primarily the .. .erplant
output. Data covering the rang- of oparatin: altitu‘er
have baen assembled as part of the physical . ‘«~atures ans:

are ligted beliow,

The world-wide breakdown of alt;tudea >f 211 land

areas is as follows:

below sea level re ligihle
sea level - 3,000 feet T0%
3,000 - 5,000 feet 19%
5,000 - 10,000 feet 8%
over 10,000 feet 3%

Because moat of the higher elevat! » areas are asso-
ciated with areas of steep slope, the: are ruled out for
(OBM ope.stions amyway. Based on worl . wide operetions,
the appiropriate distridution for over and GEM opsrations

should be more nearly:

sea level - 3,000 feet 90%
sea level - 5,000 feet 9%
245
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: *om thegse numb- " can be sc»  ht provisi-.
¥ © high altitude cj¢~>:. 28 will not b. . serious prot
-m if present-day ai :ci. . and automotiy > vehicle type

rower plants are unac,

{2) Slope of Sursars Terrs'n

The basie principlie or “he vound effect achi-

allowe power requirements t¢ be & nificantly ' -
* . w those required to 1ift " ve! .cle 1h-f~?e Lir.
¥hen .« .EM op-:rates on & - -ting s -~lace, ti.  —iche
component p' ;. el to the sur ace must he balanceu wy
direct thrust., .:.- -2 ": uﬂ;iJiﬂ by the ; -ouid effe.f, or
by surface fr--tion. 2};2 s aversing ax. 48 of steep
slopes requlr- 3 unecéﬁomica; . ancs of pow:-rp,

The die: *ibution of terrar slopc. “eep m3yt the

world is as..ollows:

slope :radient O - 10% 58% of lu:. vea
10 - 30% 23% of lan. area
greater than 7% 19% of land .'rea

(sl : 38 expressed in per cent gradient should be
dir- “‘nguished from angles ex; - 288ed in degrees:
- yradient 18 the tangent o. the angle.)

vision of powar for opera. 2 in aress cf slope

gr :.. . than 30% (where direct thru: must equal .30 x

N\ ai\\ab\e Cop’
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"ro3s weight to nold position) is\ﬁneconomical for pre-
s. 1t state-of-the-art machines., Since these areas are
fou “he most part segregated in the mountainous areas
of .. » earth, they will be considered "un-GEM-able" ana
elimin: cod from further consideration for GEM operations
througiic't this study. Local areas of steep slope must
be avoide: during operations. Short, steep slopes on

the banks o." rivers, gullies, and other terrain depres-

sions are dz: ussed later.

Slopes of .0 per cent to 30 per cent will also re-

qui:~> additional -ower axpenditure for onerations. How-:

ever, . hese areas .ve widesnread and quite evenly ais-
tributed ‘hroughout -he world!s land masses. It 1is,
therefor: . .rucessary -hat ground effect machines designe

gy 146- S &)

for overlind L o+ - ‘tions should have at least nominal

perf‘c.'-:ra.ncé ":;ap'. 111 - , arhapﬁ 5 inp’h speed is sufficie:
in =-eas of -ur : up Lo - er cent., Even a GEM desig:
miy tor .i-ated local‘bpazgﬁi'.s will need slope capa-

“++ up to about 15 per ce: ..

® » pequirement vo be app. 2d to ove.ie .” "HEMs for

et mac“énes_is rhen:

11 - :ed locas -nerat: as, slope capabili

+ cent 80
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for general overland operations, slope ca
bility to 10 per cent at normal operating
speed, and ;lope capabllity to 30 per cen
nominal speed in a1l directions (the GEM .

be controllable on downhill runs and side

slopes, as w-1l as uphill climbing).
(3% Druinage Featurec

The zbility of the ground effect machine to ut

waterways for cross-country operation is a signific
feature . . tr' -l coward military applications,

overland GEM should be able to operate si% 2t.rq o
across stream valleys; thus the ability to climb st
banks 1s important. Many areas of the,wofl@lare ac
aible only through waterways; and the higheabeea ca
bility nf the GEM in theée arcaa will add to milite

unit mobility.

The characteristics of atreém’val;eys and othe
land waterways‘peculiar to each’continental‘area he
been discussed in Chepter Y. (2 a world-wide basi:
widths of the majority of 1n1énd streem valieys at
mean water level i3 between A0 and 255 feet., Alth
the reliability of a s, “~ific number_ia‘poéb, it u
eétimated that about three-xourths'or;tha'atfeéms"n

. military significance are over 100 feet wide, and
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95 per cent are over 6C feet wide, In tho
nost of central Africa, Burcpean U.S8.S.R., ¢
China, India, and parts of Alaska and Asiat’
moé&hor the rivers are over 250 feet wide.

_th2 rest of the world arc a numbcr of wide 1
viding access tc large arcas; many of the ¢

of these rivers are, however, less than 250

Expericnce of the zidrnish withh lie ove
SR-N1 indicates that GEMs can be operated ef
nnly where the wldth of the river 1s thres
' ‘that of the vehicle, In closer quarters, wl
problems are more critical, the GEM co.ld q;‘

operated as a displacement vessel,

GEM vehicles with sidewalls extending t
water surface may also be used to advantage
Since these craft cannot operate in land are

classified with the marine GEMs,

In addition to the stream valleys, the:

-

‘ber of artificial waterways in niany of the 1
of the wurld, These range in width mostly f

150 feet, but many narrow to 3" feet at bric
waterways wil. nrobably be of only limited 1

operation: because . the width restrictions
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Operation wn frozen waterways 1c als
Unce» these coinditions obstructions of ri
hurmmocked ice can be treated as any other

atoractions,

Most inland waterways, whether natur.
clal, generally have calm surfaces so tha

height of one foot will be suff.cient. A

i use of waterwavs 15 accecs from the ad
areasc. In most of the mountain areas of -

streams have high steep banks which limit
places, Throughout the wsrld only about
the stream valleys have generally free ac
to water and back, so that operatior~ may

planning.

Tama of stream valleys for GEM operat
impose a restriction on cruiring cpesas L
high control power needed to traverse sma
bends, With GEM design state-of-the-ort .
level, lateral accelerations of ,l to .15
ma--‘mum which can be obtained, Uasing the
Car . vy uaning maneuvers of small :adius
out at relatively low spreeds only., For e
.1g latera. acceleration, a ,0° turn at 4

require a radi. of 1,420 feet; at 30 kno
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of fucn would be 800 feet: af, &0 knots it would be 3,200

feet,

The curvaturé of ri ers varles greatly from place
to place, but measurements from several large scale maps
indicates a range of cormmonly encountered characteristics.
For large rivers wlth widths of 200 to 1,500 feet, bends
of radius 1.5 to 6 x wid*: occur al- spacings ranging‘ ’
from 8 to 30 x width., Wor the majeority of rlvers through-
out the world, whicn are beiween 100 and 256 feet wide,
as noted earlier, gppilcation of these parameters indi-
ratas thet anawationa of small GEM vahicles on waterways
with widths of 100 feet will probably/ycylimited to
cruising speeds below 30 knots, ana é%crations cn water-

ways with widths of 250 feet will prébﬁbiy he limited to
about 40 knots, |

Higher speeds could be used on straight stretches;
although ancecleration and deceleration will consume part
of these distances, For example, with typicel GEM ac-
»celeratioh and décélerﬁtion capablilitlies of .lg and -.2g,
respectively; the distance to accelerate from 40 knots
to 80 knots, and later to deculerate to 40 knots again,
is nearly 3,200 feet. This is almost{ half the lor~e~st
- straight stretch between bends on *vpical.rivers of 250

0t width,
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ctroams. The banks will perwit mccess to
and from rivers at limited points ouly.
Power requ. rements for climking river banks
are discussad in the paragraph >n tarrain

Aiscontinnitiesn;

3. average speeds on inland waterways will be
limited to 40 kaots for the majority of

operations,
(4) Vegetation and Surface Cover

The miny varieties of vegetation and other surfacae
cover provide obstacles and hindrance to the passage ..
ground effect machines as well as other vehicles. The
degrse of hindrance is closely related to the height,
apacing, and rtiffness of vegetation,

The environmental date of Chapter I summarize promi-
nent vegetaticn {ypes by continental areas, and Appendi:
B inciudes theac dats on a datoelled cségrtphio unit basis,
The most significant vegetaticn element on a world-wide
basis is the extent of danme forests, which cannot ce
traversed by 08BMs withoul sxtensive clearing cpavations.
These forest srsas Yover abo-t 24 per cent of ihe world's

land surface.
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It has been pro.os:d in several GEM enalyses that
GEMways could be cleared in foresced areas without the
expens2 ol dreinsge provisions, surfece compaction, or
paving. Within the wo."ld's dense forest areas, even this
approach to developing a transportation system would re-
Gquire use of heavy squipment over en extended period of
time. Thus, cleared GEMways in dense forest arens will
probably be utilized only for anticiopated iong-term or

sernanent operations,

At present, conaideration of GEM operation in foreat
areas should generally be limited to waterwmy: and
cleared roads, railroad rights-of-way and plpeline areas.
The lalter cleared areas are generally rather narrvow, .
as to hinder free passage c{ GEM3 with widths greater
than 20 feet.

Forms of vegatative cover other than dense furesls
&re considered %o offer passage for ORMs to & greater or
lesser degree. Sparse brush and widely scattered trees
are considered to offer very little hindrance tn GEM
operaticna. In contrast, dense low brush cunnot dbe pene-
trated and must be overflown. Grass a.«os &ad flelda of
grain will not be a signisricant hindrance, even whon tall,
as 1in parts of Kast Africa. vt ths tough elep ant gress
cf the Congo will not allow free ,-e<sage. The JEM has a
marked advantage over other vehicles for operation in
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swemp and marsh areat, mut it will pe iimited to open
waterways in mangrove swamps, and somewhat limited in
areas of dense reeds and marsh grass, such as those in

Uganda and southern Suian,

The most convenlient method of assessing the influ-
ence of vegetation on GEM size and operating height is
to include this feature among the grouuping of terraln
obstructions and diecontinulities, which ls discussed in

detail in the next subsection.

The significant numbers obtained from considasration

of vegetation cover are listed below:

1. Dense forests covering 24% of land area limit
GEMs to waterways and other cleared areas, the
latter providing free passage only to vehicles
not much over 20 feet in width (for GEMs sup-
ported by the air cushion, without ground

contact);

2. Other forms of vegetation may be iraversed by
GEMs with greater or lesser degrees of freedom,
Including marsh and swamp arens heratofore ex-

cluded from military vehicle operatilore;

3. Aralysis of vegetatio.. ‘nfluence on vehicle

size and operaii~; heignt is ncluded in the
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naxt paragraph, oanng tevraln.-Lstructions and

discontinultiec,

(%) Terrain Obstructi~ns and Discon:inuities

The Ground Effect Maclilne supported on its alr cush~
ion does not have thre surface contact which provides
tractinon for wheeled and tracked vehicles. Its perform-
ance in areas of terrain obstacles and discontinuities ig
lim:t2d to operation above such obstacles, ovr penetrating

them by utilizing vehicle momentum and propmiqive +hrjet

The classification of obstacles 18 of significant
importance in GEM design for operation in a given area,
For cverland opsrations on a world-wide baslis, terraln

obstacles and dlscontinuities can be grouped int> three

. categories:

e Solid
2. Ylelding, passabl:

3. Yielding, non-passable

Sol14d obstacles include walls, bulldings,

dikes, and embankments, large trsez, 4.tches, rocks
and other objects wheoe contact by the vehicle may

cavs? serious structural Jamage or perscnne lnjury.
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CEM structure murt be designed fer very infrequent
contacts of this type. For most operations, how-

aver, the vehicle must clea: all such obstacles,

Yielding, pessable obstacles .nclude grains,

most grasses, light fences, and other obstructions
where contact by the vehicle is not likely to

cauae damage or injury, and where vehicle mrmentum
and propulsive thrust 1is sufficient to provide
passage without much loss of speed. For most opera-
tions, GEMs will be able to operate below the maxi-
mum height of such nbstacles, although not with

complete ignorance of them,

Yielding, non-passable obstacles include dense

vrush, tough grasses and reeds, cane fields, and
thick hedges. Contact with these obstructions is
not likely to cause vehicle damage or personnel
injury, but momentum and piopulsive thrust will be
insufficlent to penetrate ccntinuous coverage of
these obstacles. Opecating heights in such areas
must be at least surficient to just brush the top

of such obstacles except where they are sparse.

The variety and dimeunsiorn of teriein obsta: ‘=z and
gcontinuities throughout the wei. ' ars almost endless,

Significant obatructions puculiar to the continental
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areas are briefly listed in Chapter [, and a great many
more are included in the data appendix. On a world-wide
basis, however, these obstacles and discontinuities can
be categorized by a few numbers having 1ignificance for
overland GEM vehicle classification.

Many of the solid obstacles are associated with
drainage features, natural and artificial. A GEM oper-
ating on an inlend waterway is limited if it has no ac-
cess to the adjoining shore. Moreover, a GEM operating

cross-country must be able to cross ctreams which inter-
sect 1ts route and, consequently, must be ablz to climd

and descend stream banks,

In many areas of the world, streams are steeply en-

trenched in gorges ard canyons. These areas must ta
ruled vut for GEM operations, except where an entry and
exit point can be found. Even in the majority of areas
where stream banks are low or not gcnerally steep, the
neééaaity of entering and leaving the stream area poses

a fcimidable roquirement for the GEM,

Almost everywhere even minor stresus mucn too small
to use as access routes have vertical banks 5 feet high
and steeply sloping banks (30-100 per cent) 10 f :. high,
The abllity to traverce these bai. * 18 a necessity for

&ll but the most limited ~v-.land opera..ons. An
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inmediate result 18 the severe limitation impored on the
snall GEM vehicle, certainly on all GEM vehicles with an

effective base dlameter less than abcut 30 feet.

Artificial embankments, dikes, and levees are also
significant obstructions, These are common in lowland
regions of most of the world's nations. Although slopes
of earth embaniments are generally only 30-50 per cent,
heights of 10 feet and over are common, and flood dikes
along coume of the world's major rivers in Europe, Asla,
and Africa are over 20 feet high. Danks of navigation
canals are generally steep, over 100 per cent, but not

over 10 feet high.

Irrigation ditches and canals are important in low-
land areas and the lower parts ¢f river valleys, espe-
clally in southwest and southeast Asia., Size, shape,
and spacing of these features vary greatly from area to

area. GQGenerally, irrigation ditchues are from 2 to 10
feet -deep and 4 to 30 feet wide. Some are eievated above

the level of the plain, but many are incised. These are
partly filled with water during the growing season, but

in the non-growing season tlLey may be empty.

In the plains of northwes! and easterii Euro.c, in
"ndiz, Thailland and Burma, the pru, "vtions of 3:1 width-

over-height ratio are common for most irrigation features,
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with earthen banks having slopes t- 100 per cent, Exten-
silve areas of rice paddiea -3 cilicrr wet cultivation crops
.1 southesast Asla are divided 1ntoAsma11 fields, perhaps
100 feet square. sepa.ated by dikes about 2 feet high and»
wide. These paddies are dry in the nongrowing season.
Where irrigation features are moat numerous, reconnais-

sance will be necessary before extensive GEM operations

can take place,
M""’J
Among the other important solld obstacles are “I.sely

.. E e BN - - L REX L] R
Duliuv~ulp aa€hue Waol LWL

. L, walls, and many fonzes.
Generally, the dense urnan areas must be bypassed in all
GEM operations except those restricted to waterways.

Not only the clearance problems, but also the effects ol

downwash and nbise will necessitate this result.

Even 1n nonurban areas, grouns 2f bLulldings must be
bypassed, Walls and embankments are more generally com-~
mon and must be crossed. In western Europe, walls in
rural areas are usually 2-6 feet high and 2 feet wide.

On .aany Hiiiéibégq%p generally rough areas, terraced cul-

of 2 to 5 feet height, with widths of

tivation uses stepé?
10-1C0 feet. If these terraces .are walled, GEMs will

probably be excluded by the combination of slope and

wall.

-260- x AV alld



¢
In flood plain areas, rcads and rallrcads are com-

monly situated on embankments 3 to 6 feet high; These

are common, particularly in eastern Europe and in China.

Even in the Arablian Deser ,.stretches of oil-pipelin !
1le above ground, with diameters of 3 fee »? [len trees,

logs, railbeds, and rocky 8UeRB™™  ,iper g3gnificant

solid terrain.o ¥ 8, mostly 1 to 3 feet above

~ound level.

Por world-wlde operations, a minimum normal operating

hé AP N FPand Wil A nasnti waAd
CR ) - - - - o % uie ule am - - .‘.- - ‘)

7t for mary limited
areas. For all but local operations, the abilily to

¢limb and deascend a vertical 5-foot bLank will be re-
quired. Thies Jump capebility can probably be s2cccm-
pltaked Ly some diversion of propulsicn and control power
to the lift system, since it wlll only be required for

very short periods of time.

In addition to the 5-foot vertical bank, a-cross-
country GEX will have to be able to rise over a 4- to
6-foot solid obstacle. Additionally, it should have the
ability to climb a 10-foot bank of 50 per cent to 100 per

cent alope, for many operationn,

It 1s obvious that the requirement for traver. vg
thrge ro.id obstacles will have a ma, » influence on

operating heights and powes requirements. In particular,




+ho uecTvilness of tue nmll seovt oo type vehicle is

seriously doubted, excert im very limited areas.

The ylelding cbst=cles, pasrable &nd noTDwe-s-l o
are not gulte 28 severe u limitztion on Gid design.
Hdedges, elephant grezs, and marsh reedrs mre 2l Inm the
10- to 15-foot helght renge. Demse brush ranges from
low growth to 20-feot thornbush im emst and south
Africa. Cultivated low frees 2md tall grasses such
25 coffee and sugar canme are also 10 to 15 feet high.
Wrere the growth of ‘hese trees, grasses, and bushes
are boo thilck to pwem‘be, thw will mot Dbe wuRmrrow
znough bm "5 uqu over, ever hr a ange machine.

The teller ylelding nompassable obstacles must,
Virerelore, be bypassed or cleared, woere ‘they are
dense. The clearing process 1z not as difficult &8
that assocliated with demse forests. In additiom %o
£2ll brush, memy aresz 3™ more or less cwwered by
dense short brush and orambles 2-3 feet bhigh, such thet
2 mormal operating helght of at lonnt 2 feet willl e
necessary in these Jocatlioms.

The ylelding, passable otsizcies such 48 FIASSES,
grains, and Light fences, alsr vary greatiy im . e
ard 7 ootribution. Barbed wire ix. ~es s gpenerally 3

ob\@ ConY
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to 5 feet high. Grain .s normally 4 to 7 feet high in
the growing season, but with dense <tm“ble n-t over 2
feet high. Savaanah tall grass is up to 15 feet tall
in many parts of' Africa, but mest other grasslands are
3 to 5 Teet high. A 2-foot operating height is suf-

ficient in most of these areas,

The extient nn- nature of obstacles will also have
significant influence on operating speeds. Unless
operations and cross-country routes are carefully planned
in advance, it will be neceasary for the GEM operator
to discern and traverse terrain obatacles and discon-
tinuities. Where these are numerous, cruise speeds must
not caceed thome which would allow him to judge the
nature of an obatacle and carry out the necessary maneu-

vers, within the limite of the low control accelerations
common to almost all Ground Bffect Machines. Previous

crogs-country vehicles have not had the potential for
the high speed performance which can make the problem
of Tecogalzing, Jjudging, and traversing cross-country

obstacles as serious as it 1s for the GEM,

The determination of adequate operator-machine
response characteristics to terrxin ubstacles i+ in
area requiring further study. °~r the present, some
restraint must be exerciu~" on expec.. “ions as to aver-

age cross-country GEM speeds, as these will probadly bde
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much less than the 80 tc 100 knot purformance capa-
biliéies being considered for these machines

ipe previous paragraphy have covered the environmental fac-
tors h;vins major influence on the size, operating height, and
a#nilqble oparating areas of overland Ground Bffect Machines.
The remaining environmental factors, listed in Table 12, have
influence on GEM auxiliary power, design, and equipment re-
quirements, but not so much on size and operating heights.
These include wind, ezand, and dust, other climatir factors,
induced ~avironment factors and combat environment factors.
Discussion of some of thege areas is included in Chapters III

and IV.

Prom the material in the preceding pages, the classifica-~
tion of GXM vehicies for overland military operations can be
developed. 1Tt must be remembered that this classification i3
based entirely cn the environmental requirements, and that
conasideration of vehicle performance is bdbeing left to the
discussion of Chapter IV,

The resvlits, in terms of world-wide overland GEN opers-

tions, are as followe:
(1) Yehicle Size:

lamited primarily by lateral ‘earance for
operation in stream valleys and through

cleared areas in forests;
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20-foot widil, ucable on &bout 95 per cent

of streams with adequate clearances;

30-foot wid h usable on about 75 per ceant

of streams;

50~ to 60-foot width usable on major rivers
only, except throughout most of central
Africa, the Amazon Basin, weatern U.S.S.R.,
southern China, and India;

20~foot width about maximum for operation

in foreat clearings other “Ldu waterways.

(2) Vehicle Cerating Heighte

1,

Continuous Operation

1 foot for limited local opsrations nn open

piains and desert areas;

2 feet ror general operations over plains,
grasslard, cultivated areas, and sparse

low brush, with somn detours;

) feet for general overland opsrations

with fewer detnurs.
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2. Jump Capabliity

4 feet for limited operation across walis,
rall embaniuwents and low dikes;

6 feet for general operations in open

areas;
3. Terrain Piscontinuity Capability

5-~foot vertical bank up or down for crossing
almost all stream valleys, and irrigation

ditches when empty.
4, Slope Requirements

15 per cent continuous slope for limited

operations;

30 per cent continuous slope at low apsed
for general operstions, with 15 per cent
continuous slope at ., ormal speed;

50-100 per cent slope .0 Teet high for exit
from many rivers and crossing dikes and

levees.
(3) Operating Speeds
1. Inland daterway:

3N-40 imots for traversing bends in rivers;
60 knots suggested design cruise speed.
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3. Payratn Ohstac.es and Digecatimilties

Average crans~country speeds limited: by
obstacles, fu.ther study requlred: Lia this
area.. .

e suggested. classlfication for overland GEM. vehicles

is given: in Table 13..

The tamily of vehicles classifled In Table 1Y cavers. coan-
figueoations which are consldered: practical within. the present
statve-cf-the art. Superimposing these conflguratlons: an the:
anvironmentai factors summarized: In the preceeding. pages
gives the operating capabllities of each size vehlcle in

the cverland natursl envirunment..

The cholce of rectangulas planforms: with: length ta. width
ratics. of 2 1s. arbitrary, ailthough. these proportions are
nearly optimum for- the power/slze compromise,. The operzting
helghts and: jump. capabllitles shown represent attaihabre:
performance,. although not necessarily’ economical pertormance..
In fact, Lt would be advantageous to. have- the snallesl size
vehicle, 1C x 20 feet, with a: normal cperating height of
three feet a.d 2 Jusip capatillity of six fset. Thils: perfors
mance 1s beyond: the available :*+ate-cf-"he art In rega i to
stab l1ty, 2nd also wonld require unecu. mical' amounts: of

powe:”,.
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in gannra1; npévutlﬁu utiliby 10T 808 w;cﬁ 1néf§nuﬂd
~poratineg haight, but al nelghta abova Lhroee fout fur normol
o1 ration, and aix feet for Jump ocapablllity, the rate of
fu reaus bacorwes vary small, DBy maintaining the three and
niv footl helghtn, larger vahileles would be abla to oparata
at g fowem hatght-to-diametar ratlo, with corresponding lu-
vroagsd economy. On the other hand, lnoreawse in vehilcle
plue tgnda to reatriot operating areas, in regard to laleral
Vearane s, Although the 40 x 80 foot GEM and 130 x 100 fout
‘M conld operate at lower apaolll¢ puwers than the 30 x b0
root M at the same helghta, thelr area usablility would

not ba aa broad.

The accessiblllty of stream valleys 1s important. for
butn crosaing and waterway use, The amall vehiola (Clase 1),
witie ytn low oparating helght, in very severely limited In
patting in and oul of atream vallayn, Rven tho larger
viehle lag will bo quile pestricted in this raapodt. The d0l~
umn headed "Par cent Access to Stream Vallays" indicatea the
nvaliable ancena arna Aalong the stream valleys rather than

Lhe: number of alream valleys wnioh &ve accesalble,

Tdbla 13 indioaﬁau olearly the rangQ Cf opecating sut!
ahiiitiaa for ground effact mAOhines ¢ derived from the
wor ldwide environmental data. Th« optimum vehiole, irom
ths polal of view of utility, is the . *llest vahiols whish

- tan oporate al three feet during orulse and at nlx'root tor
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—arance of obstacles, Tre 30 x 60 foot vehicle fits this
cavegory. Larger vehlcies wlll be more economical, and will
have perlhups less severe stabillity problems; but will have

a somewhat smaller range o. usabllity.

4,  DISCUS3ION AND CLASSIFICATION OF MILITARY UROUND EFFECT
MACHINES - AMPHIBIOUS

The world-wide environmental data for amphirious op-
erations of Ground Effect Machines are summarized 1n
Cnapter I, Section 4. The background dava are contained in

Avngzendix C,

Since *he amphibious capabilities of tae GEM are one
of its primary assets as a transportaticn system, there is
an Ilnherent overlap of AEM amphiblous operations and thuae
which have been designated as mcrine, and overlaid. Ralhar
than rationalizing why an operation on inlarnd waterways 1ic
gveriand, while ~ne on coastal waterways is marine; this study
develops vehicle clupsificationn in terme of thea most ap-
propriate operating area, regardlese of the fact that over-

lap exis.s,

In this context the amphibious operaiionn spectrum
covers land--water cperationsa in the coustai areas of the
uor;i. Generally the inland penetration 1o consider. : to
be n~ mors than 20 to 30 miles, but i1 “veas of streem

vailey appyroaches this is no. & strict limit. The overwater
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cortion 18 1limited to ranges 1leos than about 202 miles; this .

may be an unloading operation from a ship at sea, a craverse
of a small body of water from snother land area, or a land-

haused sca patrol.

Tﬁe classification of amphibious GEMs necessarily con-
tainsvmost of the factors affecting both marine end overland
operations excépt high altitudes and long ranges. Table 14
includes the most lmportant environmental factors affecting
the baslc performance and design parameters of amphibious
(OFMs, i.gether with the specific influence of each. For tae
factors of which the influences a - . 5™ simllar to those
Aiseussed in the prececding sect! i, refereric -
considered ‘sufficlent. Where th factors or their infiv- -

are unlgque for amphiblous opera: ons, they are discur DR

low,

{1) Coastal Terrain Lanc rms

The generali~ cev 2l hendforme, and their sult-

abiltty ¢+ ur¥ poratic., have been discussed in
Chapt -~ {. [Ir. Chap.<. .. it was concluded ttat abaut

threc. caeths of the ws 1d's coastline (er:zluAing the

Arctic T:lands, Greenl 1d, and Antarctica) are ac-

cessibl: “cp at least imited GEM opcraticns. Abou' “t

per cen’ f tie world :« coactline *- witakle for GEM

access 1 “:nd, The +  .1ity .f she GEM to -averse mud
3
\

—
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Table 14

Environmental Factors 1n Amphibious Operaiions

Envirormental Factors

Influences

e

10.
i1,
12.

. Coastal terrain landforms

. Coastal drainage features

Wave heights and surf

. Surface-piercing water obstructicns

. Slope of besches and near-coust

- crain

‘haracteristics of beachcs

Vegetation and surface cover

. Terrain obstructious and

discontinuities

. Temperature

Other climatic factors
Induced environment factors
Combsat environment factors

Area limitations

Area limitations, vebhicle

s1ze

Operating height

Overating height

FPower requirements

Veh.cle size, operanrg

heigh®

Area limnitaticns, vehicle

sivo, operatirg height

Operatitiy Litight, power
requrements, apeed

liwnitaticng

Power, nt output, icang
problems - Chapter 111

Design and equipment
requirements - Chanters 111 v

B - — ——— it




flats, swamp areas, and stream val .eys 1ls particularly
significant in increasing the number of usable landing
places. GFMs will not Le able to land on rocky shores,
except where penetra.>d by stream valleys, nor will
they be able to surmount sand and earth bluffs unless
openings are &avalilable. The emphasis in amphibious
GEM operations will be away from reliance on a few con-
centrated beach areas to a wider operating area along

3 coast. Resupply and coastal lighterage will also

benefit from this broadened operating concept.

(2) Coastal Drainage Features

With consideration of QEM amphibious operations
through coastal strean valleys, the characteristics of
these acceas routes have a major influence or vahiclc
design parameters, The tables in Appendix C sontain
data on the coastal strcam valleys in each puliiitval
unit bordering the coast (these data are distinct from
the data on inlend stream valleys in Appendix B).
Couscal stream valley dats inclule spacing of major
streams, width of the water surface and associlatea
length of the stream withir this width range, and a
notation on the percentage of at<ep banks hear lre
coast (less than adbout 15-20 m “as), and farther inland.
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The characteristics of strean vaileys are genersally
less restrictive near the coast than inland, 1.e.,
shallower banks, wider ctreams, weaker current, Many
delta areas of tidal rivers are partly blocked by sand
and mud bars, which would not be obstacles to GEM cpera-
tions. On a world-wide basis average widths of coastal
stream valleys are over 100 feet on 80 per cent of the
coastline, over 150 feet on TO per cent, over 250 foet
on 50 psr cent, and over 5J00 feet in large areas of
Central Africa, the Amazon Basin of South America, India,
and many other major rivers., Most of the rivers over
250 feet wide ars usable at least 50 miles inland, and
those less than 250 rfeet wide are usabie irom 30 to 1iC
miles inland. Only about 20 per cent have svesp banks
near the coast, but about 40 por cent heve stasp tankna

more than 15-20 miles inland.

PFollowing the proc: ure usad in the classificavion
of averlznd JQEM», *he | aliatiur of vehicle widsth Lo no
more tha. !7& ro 1/3 uf stream width indicates that 30
feet width vehicles should be usable on about B0 per
cent of the coastal stream valleys, 'n' C.7: wldth on
about 70 per cent, and 50-60 foot width on 50 per zent,
Larger UEMscould be useu in rany spe:ific 1oca ‘tuns or

& gco.ooral world-wide basis in da. Yacement operstion.
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Steep banks near the coast will limit exlts from
stream valleys on about 20 per cent of the world's
coasts, but coastal vegatation will further restrict
operations, as discvresed in a succeeding paragraph. OUp-
erations in the many tropical coastal areas with mangrove
and nipa swamps requires navigation of winding channels.
This will reduce speed appreciably, probably to no mcre

than 40 knots in many tropical coastal areas,

(3) Wave Heights and Surf

The height of waves and surf{ will have a primary
influence on the minimum vehicle operating height., Al-
though wave heights in coastal ureas will by less than
those in the open sea, the development of extensive surt
and high breakers is a very tommon occurrence. The
GEM must be able to navigate the surf{ zone in both
directions, with the outward passage into thé breakers
probadbly more oritical in terms of impact loads,

Surf is a function not only of tides, offshore ana
nearshore slopes and the state of the o)en sea. bul
also of local winds and sea states. 2Llmar any exposed
beach will have high surf auring ctorms. The GEM cannot
be designed for sustained operations in stormy -1di-
tiona. On a worid.wide nagis, « - ovar five feet

occurs on 90 per cent of “..e werld's c.usts, surf over
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5 feet on 30 per cent, and surf over 12 feet on about 5
per cent. With an cperaiing height «f one-hualf wave
height, as discussed in the section on marine GEMs, the
requirement fo.' operating in the surf zone oppecifies

operating heights as follows:

1, For ope:ations on 10 per cent of the world's
coasts, maximum sustained operating height
2.5 feet,

2. Por operation on 70 per cent, maximum

sustained height U4 feet.

3. For operation on 95 per cent, mavimum sus-

tained height 6 feet,

Further speciticatiun of ~perating heigat 13 in~luded in

the paragraph on terrain vostructions and discuntinulitiea,

(4) Surface-piercing water Obstructions

For nigh speed operations over water the 1EN must
avold collieinn with sol'.d surface piercing obstacles,
On a world-wide basis, these obstacles (primarily rocks
and reefs) are Quite evenly scattered un many COoAst)ines.
In very few cases, however, are Lhey concentrated erough
to seriously restrict GEM opuvrstions, 80 that .asic
dceign specifications cen neglec:. “nis factor. Under .
water obstructions, which have & ways plagued amphidioue
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cnerations, will bpe i haezard to auy GEMs which are cp-
erating In the displacemsnt configurstion, whether due
to power iaas or cther cause.

(5) Slope of Beaches and Near-coast lerrstn

Amphibicus GFMs must have sufflicient power to
traverae the alopes of beaches and other near-ccast
terrain. Besach slopes depend on tidal rsnge, surf ac-
tion and beach material. As discussed in Chapter I,
Secticn 4, there 1s usually a difference in slopas ot
the heach zune hetween the normal law tidc sud high
tide Llne, and rthe zcne above the normre' nirh water
line. Yesch slopes range from fla. ta aocut lU per
cent in the L.W.-H. W, zone, and up to 20 par uent 1n
the H.W, zone. Averag:s ,.adionts in the cwo Zones

are shout three ant six per aent respectively.

Aoout 80 per cent of the world's beaches have
maximm gradicents less than 10 per coent and about ¢
per can® meus maximum gradients less than LY par cens,
Although many :oastal areans have 3Bry steen stretcnes.
those which have bluffs and cliffa 4ce Suus' y ruled
out for (AN opersticns anyway. Generully the srealy
gradisenta fOr near cosst tavr.oin are lass than . par
cart. The provisisn of 18§ pew o ™ slope a0t LSy
should therefore be sutficieat {or most amphibdious
aperations.
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{6) Characteristics of Beaches

For amphibious opsrations carried out over beaches,
the physical characteristics of the beaches are impor-
tant. Slope has al ‘eady been discussed. Length of
beaches influsnces suitability for large scale opera-
tions; width of beaches (including tidal ranges) limits
vehicle size; lLeach materials may cause operating prcb-
lems in terms of dust and damage from gravel thrown up
by the GEM downwash; and beach exits determine the us=--
fulness for over-the-buwach operationd to iniand unloai-

ing or transfer points.

Although quantitative data on physical character-
istics of beaches are not yet available on a compiets
world wide tasis, the following paragraphs are based
on analysis of the characteristics of 7000 beaches, in-
tluding almost all the beaches on the coasts of the

Eurasian land mass,

Lengths of beaches are usually Aifferentiated be-
Lr2en less than two miles, and ~v=r two miles., About
45 per cent of the beaches for which data are included
in Appendix C are over tw miles long, representing

areas suitadle for mejor besch unloading opersi..ne.

¥idth of oveaclhies ranges 1. - a few faet tn gseveral

miles at low tide, btil wuny Leaches a.aappesr 8: high
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tide. Beach widthe at high tide, and the tidal rangee,
are liested in Appendix C. PFor unloauing operations on
the beach, the GEM should be able to sit down sntirely
beyond normal wave action at high tvide. For fore and
aft loading this would limit vehicle width to minimum
beach widths. The 3ata show that morse than 70 per cent
of the beaches atudled are over 50 feet wide at high
tide, and over 25 per cen%t are over 100 feet wide a:
high tide, Thua 50 foot wide GEMs could unload our of
the water on 7O per cent of the beaches, and 100 *ootv

wide GEMs on 25 per cent,

Beach materials vary greatly, but sand is pre-
dominant. It 1s sasily biown about when dry, but qQquit:
firm when wet. Ninevy per cent of the accessidle coasts
are composed of sand, mud, pebbles, coral, or a comulna-
tivon of these. The remaining ten per cent include
cobbles, rock, shingle, seaweed, clay loam, and dedris,
The effect ¢ the jet downwash on the surface material

13 discussed in Chapter I1I:..

The availadility of suitable neach ex'ts 1a one
of the differentiating factors betweer Cude 1 an-
Code 2 coast~ as discussed in Chapter I, and illus
trated on Pigure 14, followi:g page 171. In .any
cases where the terrain riges ste. ‘v froa tie zeach,

GEN vehicles cannot penetrate farther inland in these

-279-




areas. In some places seawalls and road and railroad
embankments also block exils from beaches. Because

of the suitability ~f stream valleys for GEM operations,
concepts of operations must be revised tu take advan-
tage of these, while placing less reliance on opera-
tions in areas whire vehiclea and supplies cannot te

unloaded inland.

(7) Vegetation and Surface Cover

The influences of these factors are similar to
tnose discuased in the aectian or nverland operatinns
and will not De repeatad here, uyense vegetavion 1in
tropic coastal zones generally meana the only inlsnd
access will be via stroam valleys. tea pages o575 to

25€.

(8) Terrain Obstructions and Discontinuities

Same as for overland opereations, A minimum op-
4.8' L ¢ height of two feet, with lump capadility of
4.6 feet, is essential for almost all inland penetra-
tion., In sddition, ability to climb 3 !0 footl bark
of 50 per cent to 100 per cent slope will be nenes-
s3ary in many areas. See pages 255 to 264,

The above environments. lactors form .ae basis for
classification of ssphibious ground effect machines similer
to that used for marine ard oveorland 0EMs. In most respects
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the land obstarcles wili’® be more limiting than trose

of the overwater part of the amphibiocus savironment,
The important regsults are listed below:
(1) Vehicle Size

Limited by lateral cleararce for operation in
stream valleys and by widths of beaches, but not as

severely as iln general overland orerations:

30 foot width usable on 80-90 per cent cf ccaatal

stream vallsys,
40 foot width usadle on TO per cent,
50-60 root width usable on 50 per ant,

50 foot width (for end-loading GEMs) satiafactcry
for unloading above high water line on 70 per

cent of beaches,

100 foot width satisfactory for unloading above
high water line on 25 per oent of bdeaches,

20 foot width about maxisum [5- opsrition in
forest clearings other than waterways,

It 1s important to note ihat vehicle sigc say
also be severely limite? by trara, “tabliilty riyuirements,
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This 1s an opera*ion2i considerat’s: rather more than

arl environmental one, tut it shouid not L2 forgotter,

(2) Operating Height

vecernined by the necessity to traverse the surf

zone and overland obstacles.

1,

2.

Normal Operating Height Overland

1 reot for cperations to beaches only,
2 feet for limited (nland penetration.

Jump Capability

4 foot mintmum for crossing wx'ls, dikes,
embariments,

u feet for wider srea usabdility across
walls, dikes, eabanikaents,

5 foot vertica’ bank up and down for access
from stream valleys.

Baximun Sustained Operating Height Overwatsr

2.5 feet for clearance of swrf 1n Ly par

cent of coat’ areas,
A feet for su™C clears:. ir. 70 pe- .ent,

6 feet for surf clearance in 95 per cent.
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(3) Slope Capability

10 per cent slope capaﬁ;lity for operations over

8C per cent of keaches,

15 per cent slope capabllity for operations over
90 per cent of beaches, and for most near-coast

terrains,

50-100 per cent slope on 10 foot banks for access

from many stream valleys,

(4) Operating Speeds

Limited-to about 30 knots for operations in trop-
ical coastal swamps, also limited by obatacles in the
overland phase; no gpecific numbers can be determined

without further experimental work.

A suggested classification of amphibious GEMs baaaed

on these factors is given in Table 15,

The vehicles classified in Table 15 range in size
from 20 x 40 feet to 75 x 150 feet. The normal opurating
heights given are the cruising heights over land; the
maximum height 1s the operating height ai about half
normal cruise speed, and is intenced primarily - opera-

tlon through the surf zone. Jum, -“apability represents the
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maximum atainable short duration hejghi for clearance of
olLstacles, The slope capabillity listed corresponds to the
slopes within the area having the glven height ranges., The
colums headed Access “o Beaches and iccess Inland repre-
sent the percentiage of the world's coastline (excluding
Antarctica, OGreenland, and Arctic islands north of 77°)
which are accessible to amphibious GEMs of each class, This
accessibility index is intended to include operations
throughout 211 seasons of the year, but not during stormy
waather, On Arctic coasts the occurrence of hummocked

ice may restrict oparations during a lairge part of the

year.

For GEMs built within the framework of the present
astute-of-the-art, it can be seen thai the 40 x 80 foot and
50 x 100 foot vehicles will have the higheat percentige
of arsa usability, It must be kept in mind that thias
classification is based on the natural envirormental
framework only, and that vehicle optimization requires
much additional information in the areas of mission re-
Juirements, vehicle attainable performance, effects of
the combat and induced environment, an? neyvaral difflcult
specialized prodlems such as loading at sea, and trans-
portability. Some of theuw aress ere discussed i: Jhapters
ITI ant IV,
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III. CTS_ON_INDUCED AND COMBAT
ENVIRONMENTS % MILITARY
“OROUND EFFECT MACHINES

B

1.  INTRODUCTION

The effects of the surrouniing environment on a specific trans-
portation device are by far the most important considerations
whe introducing a new vehicle to a military system., A vehicle
that 1s technologically sound, but 111 suited to its normal op-
erationsl environment, will soon find little support from the using
agency. From the preceding work on topography, cceanography and
climate; sizes of vehicles, clearance heights and speeds have
Leen determined, in an attempt to pinpoint the highest degree of
utiiizat'  n currently achievable, As gains are made in the areas
of recirculation, stability ond contrnl, channelled hulls and
atructure we.ght, clear:nce hilghto and speed may wcll change;
but in general, the over-all aizes of vehicles in keeping witr the
anvironmental criteris developed will remuin., These siges, to-
gether with what is currenily considered sta.e-of-the-art config-
urationes si+= the basis for the da%ta outline”d in this chapter. In
general, the familv o OEMs outlined by Ljungstrom (26) are con-
sidered good exampies of these vahicles and can be taken as rep-
resenting the desizn "know-how" o today's machines. Ascurdingly,
powerplant arrangements, fan and prope!’ar porivions, cargo load-
irg and unleading arrangements, ¢ ‘“hicn pres. =48, duct cone

figurations and controls, while a m'x of individual contributors,
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(2) Tne Combat Environments

These arise only during operation in a combat situation,
and are interrelated with the natural and induced environ-
ments of the situation. The main feature of these environ-
mental contiderations is that they will contribute to a
deterioration of the e fectiveness of the system in a combat

cituation, unless preventive measures are considered,

The problem areas, the origins of the problem, and the factors

upon which they depend, are listed for both induced and combat

environments in Tables 16 and 17.

2.

INDUCED INVIRONMENTS
(1) Noise Levela

The noise level in the GEM must be controlled in order
to provide a satlsfactory working environment for the op-
srating personnel., At the same time, such treatment will
provide a measure of control over the external noise level,
depending on how the basic problem is attacked. A reduction
of basic powerplant noise will have the greatest all-around
sdvantage, and 1if adequate vibration-sbvsorbing and sound-
proofing methods are utilized, the best over-all charac-
teristics will have been achieved.

The approximate levels »f tolera. ™ internui no%:c)uru
1
11lsted below for the total sudio range of importance:
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Frequency Range, Sou.id Pressure Level
Cycles per Second Reference to ,C0N02 Mlllibars
Overall (20-9500) 113
20~-75 . 111
75=150 111
150-300 111
200-600 105
600-1200 99
1200-2400 g?[
2400-4800
4800-9600 87

When utilizing a headset and helmet of good design for
commnication, the maximum ambient noise level for good

sveech communication is about 100 4b,

Por normal speech commnication without telephony, nolse

levels should de leas than:

approximately 60 dh - for normal voice communication
. 66 dv - for loud voice communication

. 72 db - for shouted voice commmnication

Contact with the designers and operators of several
current experimental GEMs indicates that the noise level ex-
perienced inside the cockpit and in the imrediats vicinity
of the vehicle are at least high enough to recuire shouting
and ear protection, Naximum noise levels have been measured
betwesn 90 and 120 db for s~me earl’er andels., Fu-i.re de-~
sign 1s axpected to reduce these »n “lmum values predictadly,
and indications are that fo» .he next ge.. ~ation of QEMs,
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cockplt noise levels uf :the order ¢ 80 tn 95 db may be ex-
pected, requiring ear protection for continuous use and
telephony for adequate operational fanctioning. It is not ex
pected that external noise levels will be reduced to much
below 9C to 120 db.

(2) vibrations

Vibratior is experienced in many forms and orders. The
majority of the induced vibrations result as foilows:

1. Power Unit Induced

Vibraticns induced at the fundamental frequencies
of the power urit and ac¢ the harmonics of these fre¢ -
quencies may lead to structural damage.

These are transaitted through the structure, and
are amplified by structure panels to different ampli-
tudes, if the panels are not adequately supported and

damped .

2. Lift System Induced

Paricdic fluctuatl'ons in the air flow through the
wUr-flow ducting may resonas in the dacilng under
some operating condiiions The frequency of vibra-
tion i3 a function of 4uct geow. vy, duct pressure and
duct wall stiffrsss.




It 1s possible trnat a similzr situation may arise
in the base region of the vehicle, at low vehicle
helghts, when the demping properties of the air cushion
are minimized. Per. dicity in the airjet flow may in-
duce periodic fluctuations in the cushion pressure

which may be ampl fied by the base structure.
3, Shock Induced

The natural frequencies of the structure may be
excited by frequent shcck loadings arising in particular
from impact with waves during sea operations at low

operating heights,

(41)
4. Acceptable Vibration Dula

Prequency, c/s Amplitude - inches
Unpleasant | Paintul to

reptivle | & Anoying |Ughesrable |
|

1 <,02 >.02 >2
<2
10 < Q002 >, 0002 > .02
<.02
> .00002
100 < 00002 < .0005 > .0005

Discussions with GEX constructors and operators have
shown that, to date, none of tha prodlems outli»=d herc
have besn experienced to an | aortant degree. A few

screws have worked loose- and suite “ruzturai vibration




hag Heen noticed, but, with careful redesign of detalls

utilizing estabplished design practices, these were soon

eliminated,

(3) Ccmponent - Generated Temperatures

The sowrces of GEM-generated temperatures are:

power units

- human occupante

- fluid dynamic friction

The only significant sources are Lhe power plunts, The

highest temperatures cccur interntlly in and around the com-

bustion chambers, ani externally close to the exhaustis.

The local temperature rise in the GEM due to these high

temperatures depends on:

l. Bngine cooling

2. Insulation

3. Conduction through the structure

4. Radiation "rom the engine and exhsusts
1. Qas Nurbines

Typically, the surface temperature on *2 outside

of a gas turbine, prior ¢ ‘'nsulation, or external

cooling air, rangrs foom amblicn. * the intake, rising
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to about 400° P at li:2 combuetic:. chamber, and then
rapidly to about 900° F at the jJet pipe. With provision
of adequate insulation, these maximum temperatures can
be reduced to abou. 350° F and, with external cooling
air, to 120° P, Exhaust gas temperatures are of the
order of 1500° P,

2. Piaton ines

The distinction is made between air-cooled and
water-cooled engines, since appreciably different

surface temperatures are inherent in each type.

For water-cooled engines at sea level, the maximum
likely temperatures to be met are those associated
with boiling water at pressures somewhat higher than
atmospheric, with never-exceed values in the range of
120° ¢ o 150° ¢,

For air-cooled engines, surf{ace temperatures close
to the cylinder walls may be as high as 200° C to 2&¢0° C,
reducing rapidly along 000l1ing surfaces, such as the
cooling fins mounted on the cylinders.

Exhaust gas temperatures, in the sxhavst manifold,
11e¢ in the range 600° C to .000° C, the lowe:r sempera-
tures being more applicadble to . “w comprass! i ratio
engines (&:1 to 5:1), and high-speed compressicn-ignition




engines, and the higner valuesa .re appropriate to high-

compression high-speed engines of aircraft type.

3. E:ﬁfgfs 8{ Component-Generated Temperatures on

eshicie Opera.ion

In non-combat aituations, these resclve into the
effects on the structure, and the effects on the
operating personnel. In both cases, with no more than
the amount of insulation and isclation currently
provided for aircraft powerplant installations, no

problems will be encountered.

Combat situations as affected by temperature

generation are discussed under "Combat Environments.”
(&) st O

The exhaust gas level 1is only of importance at low
and zero forward speeds, where reingestion of the cushion
8ir may trap sudetantial qunnuuu_ of gases, and create
& noxious atmosphere in And around the crew compartment.
No experisnce of adv~rse effects have Lsen quoted. If
the exhaust stacks of the powerplants ava located dia-
metrically opposite the crew compartment and directed
away from it, the posaidbls reinges'ion will be m' .siged.
Tt may he necessary at low and 2. ~ forward speeds %o
provide some form of forc:! .entilation n the crew area,
which will ¢ quite a simple mater,
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Probable exhaust gan compositicns that may occur in

practice are as follows:

T |_neciprocating | Gas Turbing |
Engine ¢~k |Normal |Rich | Weak{Normal|Rich
Nitrogen T7 T7 77 |77 77 77

Oxygen 10 1 0 |19.6] 17 17

Carbon Dioxide 6| 13 1.5 3.4 | 1.5
Carbon Monoxide 0 12 0 0 3.1
| Inert Gases & Water 71 8 5 1.9 2.6‘} 1:9

(5) Static Electricity lotentials

1, Sources of Static Electricity Potential

(1) Aerodynamic friction

in hover

- the 1ift system,

in forward motion - the 1ift sys.em and

flow past the structure

(2) Airborne partic.as - sand, dust, dirt, moisture,

snow, resulting in pre-
cipitaticn static approxi-
ggtely proportional to

(3) Pueling processes -

" (%) Aimospheric
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The question of static electricl*y potential 1s of some
concern since qulte high potentiais have been discharged
from helicopters and aircraft on returning to the ground
after uperation at altli de. In eddition, static elec-
tricity potentlais have been developed during fuelling and

defuelling cperations, preseniing an explosion hazard.

Prom discussion with Mr. Enock Durbin at Princeton
University, the following pcints are pertinent.

The atmospheric charge induced by aerial vehicles ig
a function of the altitude at which they fly; the charge in-
herent in the atmosphere increases with allitude, increas-
ing most rapidly in the firat 5000 to 10,000 feei. Close
to the ground, the rate of increase 18 approximately 1 volt
per centimeter, A helicopter {lying to 5000 ‘eet will ac-
quire a charge of 50,000 volts, which is then discharged on

sontsct with the ground.

A OEM 1s unlikely to fly muoh higher than 5 to 6 feet,
which corresporndz to a charge of approximately 150 to 200
volls, and it is poss.iule that aerodynamic friction may
doudble these values. The snergy storec ir uny GEM is a
functisn of this charge and the OEM-to-grourd capacitance.
A typical value of this capacitaice is approximatc:;, 100
micro-nicro-farad, Under these cm:..‘*iém, t\“xp erergy |

-4 -2 .
stored 18 2.0 x 10 t0 2.0 x 10 millijoules. The total

electri.cl resistance of an bporntor may be anywhore froa
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10,000 to 500 ohms, depeiiding on the muisture content at the
contact polnt, the type of clothing and the ground condition.

™e initial value of current discharge through an op-
erator on the ground, in this typlcal situatlion, varies from
40 milliamps to 0.8 amps, although 8 to 15 milliampa is
about the maximum steady current discharge through an op-
erator that i1s acceptable., The time constant of the JEM/
operator elec.rical circeult 18 such that the discharge cur-
rent drops to less than this within 2 milliionths of a

second,

Hence, with the order of resistances, charges nnd
capacitances involved in typical GEMs, the current level ex-
perienced during discharge will not be at a high enough level

for a sufficient period to disable operating personnel.

From experiments with a rolling fluid transporter, it
has been stated that an energy level of ,2 millijoules is
necessary to ignite an explosive mixture of JP-4, Since the
energv level contained in a GEM may be of the order of

-4 -2
2,0 x 10 to 2.0 x 10 millijoules, it 1s not anticipated

that atmospheric or aerodynamically induced charges will
constitute a danger.

~ecodynamically induced charg. arise from friction be-
tween the moving fluid ana tha vehicle, and between
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particles carried with “‘ne fluld and the vehicle. These may
be either negative or positive charges, and so may increase
or reduce the induced charges. It is not expected that these
charges will more than Adouble the induced charges; as in-

dicated above, the problem is still not severe.

A complete and practical solution to this problem exists
since any form of intermittent contact with ground by a con-
ducting material such as, metal, conducting rubber, etc.,
combined with complete and adequate electrical bonding
throughout the machine, will prevent build-up of the charge,
and hence eliminate the need for cuncern over the problem

of static electricity,

(6) Visibility

Basic daytime visibility should, first of all, consist
of a complete field of view with the minimum of structural
features Obscuring line of sight. The actual range of
visibllity will depend to some degree on the operating helight
of the vehicle, Visibility in rain or heavy mist and spray
can be assisted by direct vision devices, such as are cur-
rently used on ocean-going ships and were ':.1.3%ed on the
SR.N1 for English Channel operations. The visibility neces-~
sary for nighttime operations o> operacions in fu ' will
heve to be provided as usual by sow. %ind of radar terrain
detection device,




In addition to vehicle configur:tion limitations, and
natural environment, visibllity may also deteriorate with
GEMs when operating at zerc or low forward speeds (up to
about 10 kncts) over ce-tain types of surface, due to par-
ticles being dislodged and thrown vertically by the air
curtain., It has been the experience of GEM operators that
hovering over water, sand, snow, or loose dirt produces
a cloud of particles that completely envelope the vehicle,
thus severely reducing the vislbility. This same cloud
makes 1t difficult for ground purscnnel to operate near
the vehicle without protective clothing.

The cloud of water droplets, sand, or dust is a
famillac one to helicnpter operators and its effects are
well known, PFor example, during takm.nff in a heijcopter
from snow-govered terrain, if any time is spent hoverirng,
a "white-out" cccurs, and it becomes extremely difficult
for the pilot to control the helicopter in order to rise
above the snow cloud or set the machine down. Such condl-
tions tend to nvaclude halicopter operations unless ado-
Qquate basic atability in hover can bde provided, to enable
espentially a "hands-off" take-off,

A "white-out"” can also occur with a GEM, but *he prodb-
leam of stability and control dos~ not srise, since the
vehicle can dbe inhersantly si-bie in hu. =. As soon as
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the vehicle or by the response of the vehlcle to operating
conditions and surface conditions, without contact., "Shock"
arises essentially from contact with the surfac: or ob-
stacles, and 18 of a ve.r short duration. high-magnitude

character.
1, Acceleration

The "accelerations" ol importance are those due
to dynamic response and applied maneuver forces, and
are considered longitudinally, laterally, and ver-
tically, at or near the center of gravity, and at the
vehiclu extremities.

At center ol gravity: Vertical
LongituAinal
Lateral

At noee and tail: Vertical (pitch)

Lateral (yaw)

At sides: Longitudinal (yaw)
Vertiocal (r011¥

(1) Center of Oravity Accelerations

Longitudinal. Thc maximum will occur during
braking and accelerating,
Max, effort tpeed increase o .2g
Na.., effort vrraking - 58




Lateral. Maximum durlvg maximum effort turns.
Max, effort turn + .1g

Vertical. Maximum when traversing undulating

terralin or smooth swells at seu.

Over waves where - i‘%- 0.5,
operating helg

accelerations from+3g to wlg

(2) Other Accelerations

The uccelerations at the roemaining locations
are not susceptible to generalization since they
are very dependent on vehicle geometry and must
be evaluated on an individual basis for each con-

figuration.
2, shock

The magnitudas o” shock loadings depend on the lo-
cation in the vehicle at which measurement is made;
positions furthest from the center of gravity are liadle
to the ncst severe shuck loadings,

Oround Effect Machines present » .:udically different
prodlem than any other vehicle when assessment cof
dynaxic response and consajuent shock loadir. is desired.
Ti.e combination of low dampi... about and along all
axes, and poor controliiability (by uomparison to other




vehicles), and the lazcic of basi: understanding of the
dynamic nature of the ground effect phenomena make
this assessment difficult.

The only thorough study avallable to date is that
conducted at Saunders-Roe on the SR.N1 and its develop-
menta.(ag)kcr thess vehicles, the design stressing
condition was a 12¢ impact at the bow. A series of mod.l
tests were conducted to cdetermine, with the atd of an
analog compuler, the Joefficients of the equaticns of
motion for the vehicle series, The resultant motion
analysis showed good agresment with the test results,
and predicted accelerations at the bow on impact with
waves on the oruer of 9g's within the operational spaed
range of tae vehicles. Higher speeds, approximately
twice those for normal operation, developed bow acceler-
ations with impact of roughly twice this magnitude,

The corresponding accelerations at the vehicle center
of gravity were on the order of 3.0 to 6.0g. Immersion
¢ the bow on impact tends to reduce these values by
approximately 30 per cent.

These values were svaluated for operation over
& ek with waves of sinusoidrl form, with wr- heights
c? 1.5 times the vehicle o, “ating height, Rxperience
with the 3I. ¥1 hae 2' -0 that op. “tion in random ceas
with wave heights of twice this magnitude is possible
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for the same lmpa.i accelerations.

It is not within the scope of this study to modify
or extend these data in a general way to cover all
vehicles, It 1s belleved that the tressing conditions
utilized for the SR.N1 may be applied Judiciously to
many sizes of cver-water vehicles, provided the desired

operating conditions are similar,

(8) Re-ingestion of Downwash Air

This is one of the more pressing problEms asgsoclated
with GEM operations, creating as it does overhaul and main-
tenance problems and a reduction in performance when
operating in sea, snow, and sand environments, in particul=r,

and on a loose surface in generzl.

The re-ingestion of salt spray, snow, or sand has be:n
a prohlam for helicopter operationa for some time, resulting
a8 it does in a loss of engine performance, combined with
erosion of the compressor and stator blades, and the lifting
rotor tlades, The mechariicms that result in performance

reductions are:

1. 8alt incrustation resulting in reduced mass flow
through the enginc and 1if{t ayctems and - :.:rosion,
if left unchecked for a . ‘v hours in tropical

conditions,

2, Icing - with broadly the same effect as salt
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alrflow than that of thz haelicopter, and when operating at
zero or low forward speeds over loose material, snow or
sand, tends to create a depression in the surface, which
redirects the Jet into a high trajectory away from the
vehicle, This redirected jet is still much more concen-
trated than a similar helicopter flow field, and in con-
sequence tends to provide a higher concentration of

entrained particles, than the redirected hellicopter down-

wash, A much higher proportion of the total entralnment will

t¢ recirculated through a GEM rotor than through a heli-

copter rctor,

It should be noted that the intake area of the GRM
1i1ft fan will be coneideradbly less than the disc area of
the compareble size helicopter, and hence the intensity of
entrained particles arriving at the fan intakes may be
congiderably higher “han that arriving at the rotor disc
of a helicopter of the same welght and loadings. These
particles will tend to he of the order of desert sand; the
1argerApaeticle|, Lelng too heavy tn he carried by the ro-

circulating veiocivies, will return to the grcund,

Since the GBEM intake velocity wil) be comparable with
the jet exit velocity and uencs appreclably highe han the
fow v-locity developed through . -elicopter rotor, and
since the GEM lift-fun Jple. Will most . Kkely Le hi;hcf
than the helicopter rotor speed, ‘t is llxkely that the

-308-




relative velocity beiween fan blades and entralned particles
wili bLe appreclably mors tuan that experlencnd by the
helicopter and rotor blades, except towards the tip. This,
combined with the higher density of entrained Farticles

wll.i present an appreclable erosion problem, and a con-
siderable likellhood of ice and szlt incrustration under

appropriate operating conditions.

These comments have been made primarily with respect to
‘ne 11fting fan system, but the came problems exist to no
«2sr a degree as far as the main engine ingestion 18 con-

cerned.

(9) Salt Water lIngestion

An investigation of sa’t water ingestion by gas turbine
engines in heliccpuer operations,(BO)haa shown that in con-
tinuous operation close tc the wate: an inzestizn rate (n
excees of io ce of salt water pe. mlnute would have been
experienced for each engine (the power plants were 2 TS8
engings). The drop sizes ingested at the low altitudes

'rangad frem 2 to SO0 microns of which hal” are in

the 20 to 80-micron category.

The effect of operation near the water 10 alco chown
on the engine power available, which reduced by =.me 20 to
2. per cent after about 4 hours, r “‘ning cunsinnt from

this time on, Theses power losases are mainly caused by salt




deposits forming on th: compressor rlades, belnz retalied
thers by a very strong ir%er-molecular mechanical bongd,
described as "Van der Wall's forces." These deposits
thiciken and roughen the biades creating poor compressor flow

characteristics and reduced mass flow,

An additional long-term effect of this salt incrusta-
tion 18 the develnpment of ccrrosion pitting due to galvanic
action hetween the innized salt {which abasorbs molsture
when the engine is not operating) and the conduct'ng metal

surface.

The methods adopted for control of salt deposits com-
prise vasuing, inhibiting, and J.lade coatinga, each of

walch adds some very desirable measure of prevention.

The washing procedure comprises & genercus flushinz
wWith fresh water dslly with the engine ccol and rotated on
the starter, followed by five minutes minimum at idle

pover to diy out the engine.

The inhibiting procedure consists of spraying e
special cil with additives into the inli* -: 'he enzine
slows down after switch off; this has the effect of dis-

placing any remaining waier froa the tiedes,

Blade coatings are ut’'‘lced %o . =tnish tic galvanic
action dbelween the salt and the conducting metal, and are

compl etely effective. The cholce of coating 1s dependent
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on the engine temperature gondltlon, while gll coatlings are
susceptible to ercsion from sand and dirt, indicating the

need Tor periodic recoating.

These control methods are successfui and may be
appiied egqually well to the GEM 1ift fan and duct sysium,

and to some extent the outside vehlcle skin.

(10) Sand and Dust Ingestion

(48)
Test results reported on the T53 hel.licopter gas

turbine indicate the extent to which current engine designs
can he developed to withstand the severe sand and dust

envirorment likely to be experiencad by UEMs.

A formal test program wre conducted on a T53, in whicn
0 30-minute consecutive runs were made, simulating 30-
minute misslions in a sand and dust environmen!. The sand
and dust particles introduced into the engine ranged through
105-220 microns in size, at a concentration of .010 grams
per cu, ft., representing operation in ground effect for
5 houre, and sizes through O - 8C alcrons at a concentra-
tion of .00l grams per cu. ft., repressnting operatlon nut

o' ground effect for 20 hours.

At the end of the test, 1! per cent loss i1 .orsepewer
tad ocecurred, a 10 per cent loss . ' specific fue’ con-
sumption was evident, und some sand-blast erosion wus

apparent in the compressor section. No blockage of air
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rcool ing passages had ocrurred, and tite alr filter ana oll
svstenm werea free of rontaminatinon, When the eroded parts
had been replaced, all of which were fleld replaceable,

the power and consumpticn were within 1 ner cent to 2 per

cent of the normal value,

A user test program was also conducted with a Bell
YHuO helicopter at Yuma, Arizona; over a period of 40.%

hours, 14 hours were spent in ground erficct,

This was 2 much longer duration test than %tne formal
cne, including 3 times as much time "ia ground effect,"
ald yet no power loss was reported, and uvnly 1.5 per cent
in specific fuel consumption. When the engine was examin<d.
the erosion was very mild, and confinud to the axial com-

pressor cection,

Thiz indlcates that the sand and dust environment atv
Yuma, combined with the flow field about the helicopter,
daid notv create as much ingestior. as had been utilized in
the fa=mal test, Ln which 65 pnunds of sand had been run
through the engine. This suggests that the proportion of
sand particles of the sizes used in the r.amal teslL wac
Quite small in the desert test, and that the rotor duwnwash
velocities were too low to pormi“ the more numeroud larger
pirticles to de carried to *he ints.. by the recirqulating

stream. Hence, the formal teast conditions could he
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conasidered extreme a3 fac as simlatiig rctor-induced sand
concentrations are concerned, thus showing the capabllity

of current engine designs for these operations.

In summary, althougn the mass flow of a GEM could be
much iess than a similarly loaded helicopter, the Jet
velccity will be considerably more than the rotor downwash
velocities, by & factor of 2 to 3, thus permilting entrain-
ment of larger particles than those considered in the hell-
copter test., The entrainment will become more concentrated
Gue co the action of the jet on the ground, and will be
directed more towards the vehicle than is the case for the
helicopter, Combined with this are the facts that the GEM
intake area is much smaller tlhan the helicopter rotor di:.:
area, (and is comparable with the jet exit area,) and the
intake velocities will be much higher than the flow
velocities through the rotor blades. Thus the concentration
of entrained particles will be at least ss high as for the
helicopter 2nd probably much higher. BErosion can bde
expected to be severe, particularly since the fan blade
linear velocities will be comparable to tnose of the rotor,
in the regions of 0.6 to 0.7 Masch. nurter. As far as
engine designs are concerned, current state-of-the-art
sesms to be qQquite capable of acrounting for sand u.d dust

ngertiun,
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(iL; Snow and Ice Accwmlation

Experlerice with ships and alrcraft operating in the
Aprctic and Antarculic latitudes lndlcates that very severe
snow acecretion and icing conditlons can develop that will
build up large quantities of lce on the structure of any

vehicle operating on or near the surface,

Three particularly severe conditlions arise:

1. The accumulation of snow on stationary vehicles,

during snow storms, natural or induced.

2. The accumulation of lce on leading edges and

propeller tlades at forward apeed.

2. 'Mhe accumulation of ice on vehicles operating
over water, when the water tamperature 1z zlove
1o -2l freezing, while the air tempersture is

below freszing.

The firat problem 1s a familiar onc in operation of
vahicler and aircraft in these areas and can de tackled in

the same way as for cuirent vehlcles,

Tne second item is again a familiar ones in airaoraft
oparations, except that more cuatinuous developm .2 of
mch 1eing eonditior s may he exps. 4, when compirad to

aircraft which can be opsrated above or below thea 1cing
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level and hence in gencrol only have to contend w..n the

problam during part of a mission.

The third 1tem is of great importance and is parti-
culariy experienced by ships at sea 1in ihese areas. War-
time experlence of convoy operations to Murmansk, and
experience of fishing fleets in the Iceland area, has
ahown how very large quanti.les of 1lce zan accumulate on
£ ship's superstructure under these conditions, leading in
some ~a323 to an unstabie ccndition in rolli (a negsilve
metacentric height, due to the now top-heavy super-
structure) which results in capsizing and loss of ships

&nd crew,

For GEMs, the problem is different and somewhat less
catastrophic, although egtill severe in terms of carrying

ouL any given mission,.

By virtue of the currant type of lift-producing
mechanism, the GEM develops appreciadle spray, which in
hover and at low forward speeds envelopes the machine.
Under thé severe icing conditions gucted, this spray will
immediately freeze on contact with the ma liins, except in
areas of higher temperatures near the engines and erhausts,
and will continue to build up =s long as these ¢« ~Jitions
are zaanteined. In fact, as the ‘~ing builds up the

vehicle gross weight inccreuses and the .ushion pressure
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increases, If constan® power i1s meintained, the operating
height will decrease approvimately as the inverse of
(cushion pressure) with very little change in jet velocity
and mass flow. Since .he amount of spray generated is a
functiorn of jet velocity and mass flow, the same rate of
ice bulld-up will continue., If power is increased to
maintain height, however, the jet velocity and the mass
flow will increase nearly in proportion to the increase 1n
cushion pressure or gross weight; this in turn means that
more and larger water particles will ecnvelope the machine,
and rate of ice growth will accelerate, This implies thot
the sinplest way of reducing the severity of icing con-
ditions in hover is to reduce power, and hover at the

lowest possible height.

When resting on the water, or when operating at an
appreciable forward speed such that the spray generated by
the 11ft mechanism is essentially left bohinlﬁ,‘ }rtctloany
all ¢l the icing will result from the oupcr-ébbled water
vap.: present in the atmosphere-- this will not be as
severe ar the hover condition, dbut will certuinly result in
a "glaze" ice coating on the vehicle at rast, and lce
build-up on the forward portions and fans ani propellers at
forward speed. In addition, 1 weather conditic s are such
that a sea mist is encountered at -‘bzero iir tenporstuce,

very rapid ic¢ bulld.up will again result,
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plant, including that ;art of the over-all nolse level
vhat 1s amplified by the structure, can be reducel to
the same level as the aercdynamic noise, a GEM would be

virtually undetectable ~n this score.

The only way that this could be approached currently
{and the power source is still in the experimental stage)
15 ty the use of fuel cells powering electric motors to
drive the 1ift fan. However, more immedlate power plants
will u: gas turbines and plston engines. Currcn! gas tur-
bines and piston englnes rcquire considerable effurt to
silence them, with consequent appreciable power losses

and additional equipment weights.

In order for detection to be possible, the noise
levei av the detector due to the GEM mupt exceel the
random noise level at the detector location (which typi-
cally would be a coastal #trip, where random noise would
te generated by the sea, wind, disturbed vegetation, eté.).
If OEM noise can be kept below the average random noine
level, then the chances of detectiun from noise are much

reduced.

Such average random nolse level would be below that
for normal conversation, but al.ove that for a whiiper,
ta¥, 4V to 50 db (ref. .0002 mill. -vs). However, this
also 1s adout the noisc level of the litt-system airflow,

and 1s well helow the level from engines and fans.
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The variation 2f sound ini-nsity with distance
has been mezgured for a wide range of air and ground
2

vehicles.

From these data, intensity level as a function
of power has been approximately evaluated, such that

at 500 feet, the noise level in decitels 1s
dB = 12 log HP + 59,

The rate of change of nolse level with distance

nas also been derived as appooximately

ati%égg} = 22 to 23 (where S = distance in feet)

for aircraft which gives 4 dB=- (6.5 to 7.0) fur vach
doubling of distance, within a distance range of

100 to 5000 feet. This is very close to the
theoretical for sound lissipation with no attenua-
tion or reflection or atmospheric disturbance,

These factors will, however, play a large part

in the value of noise level rnulcd at any distance
from a sound source.

(43)
From theoretical noise-level studien ¢con-

ducted on various GEN desirns, the foliowlng apprual-
ani'e noise levels appear lin. " for GEM= decelgned

to the current state-of-the-art,
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Major Qver-all Sound Prasz:ure Levels al Source, db

Engines (turbine and piston) (12 l1oge HP + 95) ¢ 1C

Litt rans (4 to 6 blade, 50 to
i 150 HP per fan, tip
speed less than 1100 130 to 150
feet per second)

Over-all Sound Pressure Levels
Approx. 1 yd. from Vehicle, db

| In line with Intakes (propul-

i sion, 1ift) 110 %0 130
iln line with Exhausts 110 to 130
iElsewhere 90 to¢ 110

The reduction in noise level due to spherical snread-
ing of the sound pressure waves through the atmosphere is
given as a function of distance from the vehicle, and is

the same f'or all frequencies.

100 yards ~40 db
1000 yards -0 dh
10,000 yards -80 4b
-

It. addition to the spreading, there are atter-atlon
effects that are a function of r*:oapheric conditions
snd the frequency of the ani 4 pressu. wvaves. These at-

tenuation effects are due to the viscosity, heat conduction,




oxygen and nitrogen molecular diffus.ion, heat radiation,
and scattering properties of the atmosphere. The figures
helow give approximate values of attenuation for standard

atmospheric conditiona.

Attenuation in @b
Distance Prequency (cycles per second)
(yards)
1C 100 1000 10,000
100 .0007 .0038 .313 31.2
1007 Q07 038 2.13 312.
10,000 l 070 .380 31.3 3120.

Typical ambient noise levels for various normal en-

vironments are as follows:

Jungle (calm day) 40 to 50 db
Coast (calm dJday) 50 to 60 d4b
Quiet Residential 70 to 80 db
Noiav Commercial 85 to 95 db
Heavy iraftic 90 to 100 db

As & typical example of the effects of noise-
levei uttenuation on detection, ccasider a vehicd
traveling towards a coast on a ¢ 'm day. The noise level
at the vehicle is taken a» . 0 db, anu “e vehicle is

turbine powerwd.
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(2) Dust and Spray

Dust, spray, sand and snow glouds all contribute to
a lack of operational security by assisting the enemy to

Jetect the presence of activity.

JEMs, by virtue of their basic 1ift mechanlam, dia-
turb the surface over which they are operating. The air
Jets that retain the lifting cusion blow out along the
grouud with initial velocities %thatr qepend on the cushion
rressure, and can vary from 100 [eat per second to 300

feet per second, over a range of vehicles,

These air jets entrain surface partic.es and project
thein away from the veaicle and upwa:rda. The smaller
particles are then carried by surface winus, while the

largere onea fall back to the surface.

At zero forward =pscd, thin entralnment ocours all
around the vehicle, ana creates A& cuprcaln cf paiticlea
tsat hamper the operation of the vehiucle and make the
vehicle viaidle at incressed ranges. The longer the
vehicle hovers, the more particles are removed from the
surface by the air curtsin, until a “"bucket" is formed
in the surface which results ii: perticles being r-:jected
more o~ less vertically. When ‘s ~ondition l& rea:ned,

a maximum "signature® has he.n create.




At farwsrd pnesde 0o eurtatre and fne animadn
particles are deflected rearwards, and a reduced degree
of entrainment occurs, since the relative velocity be-
tween surface and curtain has been reducad. Hence, at
forward speed this spray or dust cloud is appreciably

raduced in magnitude.

Current experience . ndicates thal spray and dust
can be expecved toc rise to reights approximately 15 %o
70 times the operating height of Lths vehicie in nover,
and that this will be maintained up to speeds on the
order of O knots, although the crest of the cloud will
move rearwards by about one vehicle length. Beyond these

spseds, the cioud may be expected to reduce in size,

\ very siiple form of analysis serves to indicate
the muximum heights and maximum radial distances to

which particles could be carried by the jet curtain air,

{n the asaumption that prolonged hovering will
proauce essentially & vertical prolection of the jet
curtain air, and that particles will only rise in this
air stream as long as the st-eam velocity is greater
than the terainal velocity of ihe particle, Figure 1%
1llustrates the orders of magnitode that might con-

ceivably arise, for silicor type "~les (»and; end

I
26, %)
for water particler (spray).
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Figure 15

Vertical Projection of Silicon and Water Particles
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It is seen that quite apprsuicble noights are pre~
dicted for the very small particles, but these are open
to considerable doubt, due in part to the fact that the
deflected air stream will undoubtedly dissipate much
more rapldly than has been assumed, and gge also to
the necessary extrapolation of the data ~ )on decay
of dynamic pressure in a jet exiting into frea ajr,

In addition to this, psrticle sizes below about 100
microns possess terminal velocities that are comparable
with the random eir curronés in the atmosphere and
wculd more than likely be dissipated long before reach-
ing their theoretical zenith.

This diacuesion serves to emphasize the need for
8 more thorough investigation into the flow fields and
entrainment mechaniams involved in the generation of

duav ¢nd spray by ORmMe,

Experience with the Curtis-Wright Air Cer provides
an approximate correlation with part of this analyais.
Spray heights of the crder of 10 to 12 feet were ob-
served in hover, at hover heights of th: vodor of O to
12 inches giving a ratio ol spray height to hover height
of 20 to 10, which from the chart, for low plan arm losd-
1ag vehicles, corresponds to wa. - particles ¢n the
reagion of .10 to .30 inch in Alwneter. It is not known
whether thie experisnce weés on the pure plenum Air Car,
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Figure 17

Hor zental Projection of Water Particles
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(4) Radar Reflectivity

The radar equation is
Rmk Tt OO0 2 A

o R

t

R is maximum range.

Pt is transmitter mean power.

Gt is transmitter aerial gain.

GR is receiver aerial gain,

A is wavelength.

a i1s function of atmospheric attentuation.
is target echoing area - a measure of
the fraction of incident radiation that
is refleoted.back to the radar receiver.

Pp 18 the minimum detectable signal.

- K is the conatant of proportionality.

The onli‘tactor over which a GEM dea%gncr has con-
trol, then, ls Ag. The maln facbors that alffect Ay and
the reiurned sigual are the smoothness and angular posi-
tion of the reflecting surface relative to the incident
beam, cauaing [luctuations of the ~cho as the target ap-

proaches the radar.

Note that for modern jet aircraft, the air intakes
are a major source of radar echn; intecference o. ucs
Y stwes:. the schoes from several .. “akes or similar por-
tions of the vehicle causing 1ts apparc... mean position

to change rapidly and inconsistently. This 12 uscful in
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confusing homing weapons prssessing radar homing devices,
However, the presence of strong signals of this type
means that detectlioun is easier, and if the fluctuating
nature of the return is recognized, radar homing de-
vices could be discarded .in selecting a retalliatory

weapon.

It would seem that to minimize radar reflecéivity
in the direction of motion, the frontal aspect of a GEM
should be sharp with ne planar areas or intersestions
located normal to the direction of motion. If this can
be achieved, the radar pulse will be reflected in specu-
lar rashion away f{rom its initisl path, and no radar
signal will be evident from the GEM, Note, that where
dimensions on the vehicle are of the order of the radar
wavelength, diffraction occurs, which may give rise to
a8 return signal. This Indicates the necessity to pre-
serve A smooth external contour to the GEM, with the
minimur of appendages, bolt heads and nuts, lap Jointa
pointing forward, and so on. Sever:al forms of coating
ars under development, that are at least partially eof-
fective in abdsorbing the radar signal at aormal radar

frequensies, and could de considarad in this ares,
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1. 10 watts per squarc centimeter et 1C0 yards
in wavelength ranges from 3.0 to 5.5 microns,
and from 7.0 to 14,0 micirons.

-0
2. 10 watts per square cencimeter at LUV yards

in wavelength ranges from 1.8 to 2.7 micions.

From a study of thc temperature distribution of
typical engines lilkely to be utilized for Ground Effect
Machines, i1t would appear that the maximum IR radiation
at the engines, if ccmpletely exposed, will be approzi-
mately 60 watts per square ~antimeter.

. This value will in genecal be less at source, due
to lower operating temperatures than the maximum con-

- sidered, snd will sleo be insulated by the surrounding

structural material nacessary to the vehlcles' design,
Purther reduction in intensity ocours first as a direct
result of the special appeadins of the IR radiation,
and secondly as a result of atmospheric absorption,

Since the GEM engines will have operating tempera-
tures similar to tnose for military alrcraft, .t is
anticipated that the GEN can be designed to meet the
sane IR requiremanta, probably wilh greacer ease, » "Je
the presence of the ground and its . “1ed obstructioma
and atmosphere will inhibit *ne passage o1 IR radiation

more than for aircraft,




e

(6) Vulnerability

A preliminary assessment of GEM vulnerability can be
made by qualitative compa.’ son with other rehicles per-
forming similar functions under the same conditions of

retaliatory firepower.,

Vehicles that will perform the same function at
least in part, as a GEM, are landing ships and trucks.

Vulnerability of these vehiclea is firast related to
8lze and speed. The larger a vehicle is, the more likely
it is that a hit may be scored. The sloylr it travels,
the more likely it is that a hit may be scored.

As qualifiers to this are (1) the degree of damage
or casualties that will be inourred by a hit (this is »
function of the built-in protection of the vehicle);
(2) the profile of the vehicle in relation to the type
of attack; (3) the maneuveradbility of the vehicle in
avoldinc sttack o degradirg aiming accuracy.

GEMs and ships of equal size (grosy weight) can de
compared,

The GEN profile will be lower than a c;rrcnponn;ng
ship, probably shorter but sumewhat w.'sr. Thls provides
a less delinitive target for a shore-based defender, but
& larger target for aircraft,
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The GEM speed will Ln 3 to 5 tiues that of a similar
ship,'and it will be capable of faster maneuvers than a
ship. This will make it a narder target for bolh ground
and air defending equipui3nt.

It gp possible and desirable to configure a GEM such
that the»lirt cushion pressure can be maintained in the
event of damage to part of the 1ift structure. Multiple
power plants witn modular construction will go a long way
to providing this capability. With this approach, the GEM
will not be as vulnerable as a similar ship to a direct
hit on a power plant; such & hit on a ship will also re-
sult in severe damage to the hull and may sink the ship,
whereas the GEM can continue. This requires that the
141t system be guarded by some degres o' amor, in turn
providing an additional level of protection to the person-

nel and sarzo in the event of fan-blade fallure.

In the event of failure of the 1ift system, due to
duct penetration or severe power-plant damage, an
auxiliary power source can still provide vater mobility
if adequate flotation capability is desipgneA into the GBEM
structure at the start.

In addition, the GEN is not vulneradbles to tolpedo

a.Cack.
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Similarly, the GEM and corresponding truck may be
compared:

The profile of GBM and truck will bhe about the
same 1f the GEM has to carry the truck load and
operate on truck routes, so there will be little dif-

ference in wvulnerability in this respect.

When operating over areas where a tvuck opera-
tion is marginal the GEM speed ind maneuverability
will be a distinct advantage and will reduce its
vulnerability. However, when operating over truck
routes, the GEM speed will be 1imited to truck speeds
and no difference in vulnerabillty will be evident.

Penetration of a truck tire is a severe dis-
abllity, and will create a greater loss of control
than penetrutioh of tha Annst of a properly deaigned
QENM,

The power unit and personnel compartments are
equally vulneradble for the two vehicles and require

the same order of protection.

Note that this comparison is a little aifferent 12
the vehicle choice 1s differont -- if a large OEM is
coosen to replace several amall sr. v and/or truexs,
then although the GEM will operste faster than the ships
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Of these areas, tho .ift-producing system requires
particular attention. The other areas can Le designed

with normal military vehicle protection in mind.

" As far as the 1ift system is concerned, damage pro-
tection is needed.in particular for the 1ift fan and
gear ‘ng, and rbr the ducting assoclated with producing
the sustaining cushion.

(8) Pield Repairs

Pield repairs for an operational GEM should be as
straightforward as thcsq for the Army's light aircraft
and jeeps, consiating primarily of replaceable parts,
with the minimum of actual repair work to be done,
Nodular oconstruction methods in the design of the vehicle
will great.y facilitate this aapect.

(9) am ¢ tion in Mine Fields

The range of footprint pressure experienced with
QEMS ‘s sbout 30 1b/sq. ft. to 80 1b/aq. ft.; the likely
acougtic over-all sound pressure levels close to the
machine are in the order of 110 db to b :w.iative tu
.0002 dynu/u’; other features of O05Ms may also be ‘a-
portant for initiation of mine explosions, such a: the
"liagnetic anomaly" signature (lces. *tstortion of +he
earth's ragnetic field), of the vehicle.

Y
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Most sea mines are designed to explode when sub-
Jected to the magnetic, acoustic or pressure flields of
"worthwhile" targets, namely vessels of 3000-tons ais-

plahement or greater., It 1s very unllikely thac Ground

Effect Machlnes, as they are now envisioned, will be built

approaching this size. In addition to this, the effect
of a mine is depsndent largely upon transmisaion of
pressure waves through the water to reach the hull of
the target ship. Whan the pressure wave reaches the
surface, moe* of the energy is dissipated and the ef-
fect lessened appreciably. Since a GEM will 6pertte
clear of the water surface, the most lethal character-
istic of =zea mines cannot be utilized and the GEM will
be subjJect to the secondary characteristic comprising a
column of watar thrown out of' tne water. This may

cause some damage on impact with the GEM.

Land mines are tallored fo react to specific
vehicles that are worthwhiis targets. The sise of
charge and the sensitivity of the detonating mechanism
are dependent on the desired target. Antipersonnel
mines are small and very sensitive, whersaa antitank
mines are large and can be walked on wit:hout detonation.
These mineq are sensitive to footprint pressures .4
magnetio anomalles assocliated wi ' the desired vehicles.
Sinoce GEM footprint presa:'»~. of the o. '~r 0f 30 to 80
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1b/3q. £t. are 1/15 to /150 of the I:ctprint - pressures
of conventional land vehiclas, and since the QXM atruc-
ture s largely aluminum cangared to the predominantly
steel construction of & “ank or truck, passage of a

GEM would be most unlikrly to detonate conventional
mines. If an exploaion should occur near a GEM, damage
to the annular jet and cushion arca could result, but
with proper design, the vehicle should still be able to

continue its mission before field repairs are necessary.

(10) Nuclear Explosions

The combat missions thet require operation in a
ruclear axplosion environment present a numbar of in-
tervesting and potentially hazardous problems, to operat-
ing personnel and vehiocle alike.

1. Radiation

The major result of GEM operution in a radia-
tion environment 1s the increased looal density
of rad:é«aeblve partiocles surroundlng the GEM while
in hover or at low forward speeds, due to the re-
ingeation phenomena. This will cdune 4 continual
recirculation of radic-active particles, intensi-
fying the radio-active fi.ld surrsunding th. ve-
uicle {3 ivcal "van Allen” u.“%) hence affecting

the personnel.
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The same 1la~rease in intensity means that the
components compriaing the GEM 1ift system will be
subjected to a greater radiation intensity than
would normally bs the case with other vehicles,
while hovering or at low forward speeds. Those
materials that are subjict to delerioration in a
radiation enviroament must be chosen with this in
mind in the design stage, or subjected to more

frequent inspection in operation.

2. Effect of Blast and Temperatures in & Nuclear
CTombat Situatlion

Bffect ¢f nuclear blast depends obviously on

the magnitude of the explosion and the distance
from the explosion. The first observation is that
ainoce the QEM is essentially friotionless in its
motion over the curface, the pressurv wave of a
nuclear blast will caus? an impulsive force to

act on the GEM which will send it skimming over
the surtface in the direction of travel of the dblast
wave. Ssoondly, the pressnce of an approximate
asrodynamic shape to the GEM and some degree of
directional stability will cause the GBK tc face
into the bLlast wave and davelop high aserodyuenic
forces which will pit+h the v. ‘ule nose up o2
down (depending on tne tasic stadbility and control
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of the GEM and the trimmed condition) and prob-
ably contact the ground and become cénpletely
uncontrolled, The initial positive pressure
weve is followed by & negative pressurs wave of
similar magritude which produces relative
velocitiea at the GEM in the opposite direction
to further aggravate the situation.

The positive and negative pressure magnitudes
in the blast wave may also create intoleradle con-
ditions for the operating personnel in the
vehicle, unless ﬁho vshicle is sealed and etressed
to prevent rapid pressure fluctuations in the
cabin, This 1s common to all manned vehicles in

this sicuation.

Temperature and flash effects on the vehiole
are dependent on the surface finish and surface
material uf the vehicle; the effects on personnsel
are largely dependent on whethsr the cadin trans-
parencies would permit direot rauis:.ion into the
cabin. Transparent materisls have recently been
developed that sre sensitive to light intens.ty in
such a way that they decoms ¢, ~ue to radiation in
the vianal anéd infrared rreQuency ranges in frac-
ticns of a second. These may alleviate the trsns-
ient offects of flash and tempe-atures.
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(11) Loadability of GEMs in Marine and Amphiibious

Operations

There are distinct limitations on the sea conditions
in which a cargo ship can successfully and safely unload
ite cargo offshore, arising from the inherent pitch,
heave and roll characteristics of cargo ships in 4if-
ferent sea states, and the inertia characteristics of

cargo pallets suspended from unloading hoists and cranes.

Unloading operations are rairly'aare up to wave
heights of three to four feet and become hazardous above
ses astates of six to eight feet. This means that there
is no advantage in designing GEMs, for this type of oper-~-
tion, that can perform their function in sea states greaster
than 4-1/2 to 6 feet, until the stability characteristics
of cargo ships san be radically improved. A possible al-
ternative is to consider a loading and unloading opera-
tion underway et sap, if this operating condition results
in appreciadble damping of the ship motion. This, however,
requires very careful investigation as tc 1ts feazibility
particularly in terms of adequate meanr for station xeep-
ing between ship and QGENM.

SUMMARY OF INDUCRD AND COMBAT Ei'VIRONMENTS.

The elemente of inducid «.. combat env. —nmcnts discussed

1n1th1: chap:er‘iri sumaarized in Tables 138 and 19 following

this page.
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T le 18

Induced Environments

S .mmary Data

Noise

—
Maximum Overall Noise Level, Relative to .0002 Millibar
Special
Location &ccepﬂble Experienced| Expected Equipment
ir Force) N
} eaded
{;‘:;f:l‘ 13 9010120 | 80t085 | Ear protection
for continuous
use, Telephony
for adequate
operational
functioning.
Close to
Outaide of 113 80 to 120 80 to 120
Vehicle
See Comba* Environment Summary on Noise
(Table 19)
|




Table 18 (Cont.)
Vibratious

Acceptable limits, for Crcw Stations

Eiperience to date

Frequency, (cycles/sec.)| Amplitude (in.)

1 .02<h <2
10 10003 <h< .02
100 .00002<h <. 0005

No indications that
these values will be
exceeded. No vibration
problems so far.

Temperatures (maximum values)

Engine Comtustion Chamber Area Exhaust Area
Piaton 240° C to 200°C 1000° C to 800° C
Jot 200° C to 380°C 800°C to 830°C
Exhaust Gases
-
Engine Inert Toxic Water and Oxygen
Piston 17 per cemt 8 to 18 per 2ent 17 t0 8 per cent
Jet 77 per cent 1.5t0 4.8 percet] 21.8 to 18,4 ...r cent
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Table 18 (Cont.)
Static Electricity

Typical Accumulated | Stored Energy | Energy Level for Spark
Charge Lyvels Ignition of JP-4
(volts) (millijoules) (millijoules)

-4
300 to 400 2x10 to
22
2x10 0.2

Initial current level--lethal
Drops below lethal level within 2 millionths of a sec.

bonding throughout.

bol\ntou to all Problems of Static Charge

A trailing ground contracting conductor, and good vehicle

Vieibility Reduction

Dus to:

Comments

Configuration

No worse than a ¢nlp, batter than an
aircraft

Night and Bad Weather

Usaal enltutivis applicable

Suritce Miturbance
1. Forward Speed

2. Hovar

No ;: blem for. =d, upwarde, or side
waye. Sfome obstruction: by surtace
material towards rear.

Seveto loss of vimbility. No major
problem, as GEM basically stable and
<an move from hovser location uvnder
full contact. to regain vieibility.




Table. L8 (Cont. }:

Accel~ration: and: Sheek:

v Accelerations at T ' E

: i

i t

! s

{ i

Vertical (apprax: ) + .3g 0¥ .4

Shack

Qperating height = .02 (velicle length);
Wave lengthk: = 2 0 x (vehicle length)
"Simisoidall" wane: Befighitt = L % x (ocperating height)

Equivalent: " Bandom Sea!' wave height = 3.0 x (Gperatiing height)

Operating Conditions 3 Normmal Twice Normal ?
| OpevatingSpeed || Cparating Speed |
&t Bows - mo» immme-reiom Ot 12T g I to 200 g,
with immersion: LT &g 3 Ztolsg
;ﬁa@nt‘eroﬁ'G'mit}r R0t L0 } 50012 g ;
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Table 18 (Tt}

Ingestion

Material

Concentrations and

Effect on LiftSy-
»'em & Propulsion

Engines

Dirt and
Sand

Particle Sizes

0-80y

40-108y,
105-200u,

0.01 gma/cu. ft.

Rotor blade and in*-
take erogion. with
loes in efficiency

Compressor blade
erosion, up to 10
per cent power
loss, reduction of
surge marygin, high
turbine inlet tem-
peratures

Large
Particles
& Objects

From 200
through 1/4 diam.
bolt to 4 1b. birds

Blade and intake
damuge, followed
by blade failure

Nicked, dented,
twisted compressor
blades, damaged
inlet screen tacing.
Stripped compres-
sor stages, com-
plete failure. Sub-
sequent failuve due
to damage,

lce

Salt
Water

1/2" to 3" diam.
hailstones. shaved
ice

Intake damage,
little or no blade
damage

Dainaged intuke
screens. No com-
pressor damage,
occasional flame:
out

2 to 800y
>10c.c./min./
engine

Salt incrustation
with loes in power

Slight erosion, salt
buiid up, power
loss, SFC rise

"Solid" or "green"

Destruction of fan
blading, bending
of prop blading

Flame out, inlet
damagy, compres-
sor demage
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Table 18 (Cout.)

Ingestion

Material

‘Concentrations and
Particle Sizes

Effect on Laft Sy-
+~‘em & Propulsion

Engines

Dirt and
Sand

0-80i1

40-1084,
105-300um.,

0.01 gma/cu. ft.

Rotor blade andin+
take erosion, with
loas 1n efficiency

Compressor blade
erosion, up to 10
per cent power
loss, reduction of
surge margin, high
turbine inlet tem-~
peratures

Large
Particlen
& Objects

From 200p
through 1/4 diam.
bolt to 4 1b. birde

Blade and intake
damage, followed
by blade failure

Nicked, dented,
twisted compressor
blades, damaged
inlet screen facing.
Stripped compres-
sor stages, com-
plete failure. Sub-
sequent failure duv
to damage.

Ice

1/2" to 8" diam,
hailstones, shaved
1ce

Intake damage,
little or no blade
damage

"

Damaged intake
screens. No com-
pressor damage,
occasional flame-
out

Salt
Water

$ to 300u
»10c.c./min./
engine

Salt incrustation
with 1088 in power

Slight »rosion, salt
builo up, power
lows, SFC rise

-

"Solid" or "green"

Destruction of fen

blading, bending
of proo blading

Flame out, inlet
damage, coinpres-

i AOr camage
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Table 18 (Cont.)

Ingesiion (Cont.)

Methods for Combating Effects

GEM Industry C-inments

Deflectors
Coatings

Debris
Guards

Debris
Guards

No indication of major
problems as yet.

Defiectors, Coatings,
Washdown, Inhibitors.

Iadications of appraciable salt
build-up in lift sysiem intake and
ducting.

Snow and Ice Accumulation

—

Severity

Type Characteristic Problem Solution

1. Avcumalation on Removal | As for exist- | Standard de-
static vehicle in ing transpor- | icing equip-
anow storm tation vehiclesl ment, unow

and aircraf | removal
equipinent

2. Icing as forward " b "
speeds in snow
storme

S - — -

3. Operation over " Morc scvere | More so-
watar in subfreesing " than (1) or (3) | phisticated
temperatures equipzaent,

or new ap-

pruachus,
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Tab'a._l_g_
Combat Environments
Summary Data

;,!_i?ine

Major sound pressurs levels at source.

Engines (turbine and piston) (12 log, (HP) + 85) 2z 10db
Fans 4 to § blaae, 50 to 150 HP
per fan, HP speed < 1100 fpa. 130 to 150 db

Over-ali sound presasure levuls, approx-
imately ! yard from complete vehicle.

In line with intakes (propulsion,

1, otel) 110 to 130 db
In line with 2xhaust 110 to 130 éb
Eluewhere 90 to 110 db

Approximate sphericsl spreading
attoauction with distance from vehicle,

At 100 yds. - 40 b
1000 yds. C -0k
10,000 yds. . RO gy

Ambient ncise levels

Jungle 4C te 30 b
Coast tC to $0 db
Quiet residential 70 o0 82 db
Noisy commercial 8% 1 88 dY

Heavy traftic §id ro 100 b

e
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Table 1% (Cont.}

Appraaimate atmosphevic

attenuation with cistance 10 F 100 1006 10, 000
100 yds. a0 31382107 a2, 7x ;a2
106" -im, 6.9x10 7137.8x107 111372107, | 212
10,008 yds. 68x10 ° |38 x 13 " [31,270x20 "} 3120
Sand and Dust

Particie Size

Lighii’ loaded GEM

Heavily loaded GRM

iinches diameter} 30 lhs/8q. foot. 80 bs/sq. foct.
Max. Max. Max - Max.
height | distance height diatance
. 008 doon l40h éoon Jidn
.01 l0uh .} 7Oh 340h 130
.050 a5h "0-343h o +2-8La
A0 1Sh 27-3¢h 35h 34-54n
.50 4h 1i-220 15h 30-60h

Nowi h = Velicle opersting haight -ST
. . b .

Spray and Miat
Purticie Size Lightly loaded GEM Hea iy loaded CBM
(inches diameter) N 'ha/eq. foot. 80 ibe/uq. foet.
Max. Max. lax. | W
hetght | distmnce height distance
. e ]
005 3000 R LU . Such
.00 a50n 140h 130n 2708
. 059 Son 30-38h 100h G8-80nh
.10 2Sh 11-32h 8 44-80n

Nole: b = Vehi:le operating huight - {set
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L Tabie 13 (Cont. }

Raidar Reflectivity

Likely crcss-sectiors tor GEMS
Vehicle sizes Radar cross-section (s8q. ft.)
& ton 5-10
100 ton 50-100

Requirements will be that vehicle radar cioss-section be miuiieized,
This is achieved by careful attention to configuration details, shaping,
aspect; by shrouding propellers &3 much as possible; by utilizing coating
media capable of high absorpticn at radar frequencies.

Infrared Emanatica

IR radiation - Less than 10-9 watts /eq. cm. at 100 yds. in wavelength
range 3 to 14 microns and less than 10™°" watts per 8q.

cm. at 100 yds. in wavelength range between 1.8 and
2.7 microns.

Typical requirements are those for Light Observation Aircraft.
Maximum likely radiation intensity at vehicle is 80 watts/sq. cm. at ex-

haust or jet pipe - rapidly reduced and dispersed by insulation, structure
and atmofuvhere.

Vulnerability (Relative)

Ship Try
. ‘ — Lieast Vulnerable
4 ' 9

020 0%
0.9.9:%
00000”

AV

Most Vulnerable ..

.0,
RRX X
()

RS




Table 19 (Cont.)
Dsmage Protection

Normal (aircraft or any vehicle) plus c.dditional for lift system.

Field Repairs

Same as for current Army vehicles, facilitated by modular con-
struction,

Mine Field Operations

e 42

Mine Type GEM Characteristics Zifect of explosion on GEM
If explosion is under center
Pressure Loagoll;;xgci .ftf.t. of vehicle - instantaneous
increase of cughion pressure,
underside damaged by shrap-
Acoustic 90db ~» 100db nel - probably OK to continuc |
_ If waplosion near edge - dam-
age to annular jet ducting, re-
Magnetic — duction in efficient operation,
| damage to underside.
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Table 19 {Cont.)
Nuclear Envircnment

Fonvironment

Effect on personnel *

Vehicle *

Radiation

In hover -

Intensified radioactive
field--more protec-
tion required.

At forward speed -

As for other vehicles
of comparable speed.

In hover -

As for personnel--

more careful choice
of materials or more
frequent inspections.

At forward speed -

As for personncl.

Blast pressure
wave

Severe pressure fluctuations| Uncontrollable vehicle

inside vehicle, unless ade-
quate gealing and strength
designed into cabin.

motions if near explo-
5100, Ioay result in
complete destruction
of vehicle.

~e—-

Temperaturs and
flash

Skin burns, blindneas, un-
less protected {rom high
burst intensities.

Flash--little effect.
Temperatures--engine
stalling, fuel fires.

These are predicated on vehicle being near enough to explosion for the
quoted effects to occur.

Loadability at Sea

GEM limited to design operating heights of 4.: tc ¢ tect, until safe

unloading capabilities of cargo ships a1 extended to greater sea states.
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IV, EFFECTS OF SIZZ AND OPERATIONAL
IMPTT.IZATION OW 11 SEYEAIION OF A
“MILTTARY GROUND EFFBECT MACHINE

L&)

L WP, AT P Hakhhd
do LA WU & Ly

The previous three chapters have developed in detall
the environmental conditions throughout the world with
which militarily-acceptable Ground Effect Machines will
have to be compatlble. Fifteen classes of machines have
been selected, five each for overland operations,
amphibious operations, and marine operations, purely on
the basis of the range of environmental conditlions to be
encountered, without regard to the practicability of the

resulting machins,

This chapter will discuss the approximate levels ot
performance that would be typical of each class of vehicle,
bearing in mind the environmental conditions. Based on
this information, the discussion will then indicate which
vehizles appear tu possess the greatest relative merit,
when considering vehicle effectiveness as a isantport,
vehicle utility on a world-wide basis, and vahicle

vulnerability in a comhat situation.

2. DEVELOPMENT OF PEAFORMANCE PARAMETERS

The vehicle characterisii.s defined b, *he cnviroa-
I .
mental studies are:
=355~




L

rﬁd

length

width

normal operating height at cruise
maximum hover heig..t (Jump capability)
slop2 capability - '

maximum surface wind for hover

These have been developed in Chapter II together with a

determination of percentuge ntilization, and are listed

in Tables 11, 13, and 15 following pages 237, 267 ana 283,

respectively, for all fifteen classes of vehicles,

The performance capabilities of each vehicle in all

three classes have been assessed, using the following

assumptiona:

1) Vehicle Geometry

. Rectangular planform

. Cushion area = 60 per cent of planform area

(2) Vshicle Laft System and Aerodynamic Characteristics

. Drag coefficient = ,0b based ~n aushion area
. Operational (Lift/Drag) ratio =
1/2[ = cushion area e
[mnuIar Jet Tength x operating Ee;-?.c]
. Stability requires an a. '‘tionsl 15 per

gent of lift hormepower




)

(3)

o b

(%)

Cushion pressurc = 70 pounds per square foct
Optimum jet discharge angles and nozzle
widths )

Over-all effic.ency of duct an! fan

system = 60 per cent

Vehicle Powar Installation

Installed power can be distributed at

'will between 1lift and propulsion systems

Maximun contimucus power = 90 per cent

of total installed power

Jver-all propulsion efficiency = 80 per cent
Specific fuel consumption at maximmum
contimuous power = 0.7 pounds per hour

per brake horsepower

Vehicle Weight Distribution

Structure weight = 20 pounds per square
foot of cushion area

Installed power plant weight = 1,25 pounds
per brake horsepower

Equipment weight including crew = 10 per

aent of maxisum gross weight

Thie evaluation of vehicie pcrformanc. “as utilizea

simple thin-jet momentum curtain theory for 1lift. The
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dclermination of propuleion power has included the effects
of momentum drag, With the msbecve assumptions, no attempt

was made to optimize or refine any aspect of the vehicles.

The following performance parameters have been

developed ror each class of vehicle:

. Weight breakdown
. Total installed power required
. Speed capapiliities at maximum power
and 90 per cent of maximum power, and at
normal operating height, and the average of
normal operating height and meximum hover height
. Payload-range charaszteristics, with
delivery times

These parameters are given in Pigures 18, 19, 20, and
21 following this pags.

3. VEHICLE EVALUATION -

{4 LV

s - o b bl ond mw
. 4 iy bt Sl wes

A8 & iwourt of the cnvircnacntal ot
performance analyses it is possible to make an approximate
assessuent of the relative merit cf each of tiie five

vehicles in the three categories.

She Lisic merit of each vehicle .. s lu. its: cepadbility
ap & transportation device, Tiui: may be exp. 3sed by its
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capac’ty for the work done Yy a given "income® of fuel. The

parameter that describes this feature most adequately is .

" Paylosd x Rangs
el use

and is in sssence a measure of "useful work done per pound

of fuel."

A comparison of all fifteen GEMs using this parameter
would serve to indicate that scme vehicles are better than
others as transportation devices in the environmont in whigh
they have boen classified. However, the fact that there are
differences in world-wide usefulness for the different
vehicles means thit the transportation effectivencss must
he considered together with the world-wide usefulness.

Purthsr, since thsse are military sachines. itheir
vulnerability in a military situation is of great !‘mpor-
tance. If it is assumed that there are no redioal
differences in design philcsophy from ¢ -3 vehicle to another,
and that the same dasic structyral app:-ach 1is used, then
the degires of Jamage protection must de about the same.

This eliminates the consideration of additional protection
for the more vulnerable oraft, An approximate seasure of
vuinerability, satisfactory for relat!ve purposes, 1s to
renk vulnerability proportional ‘o (-:-;-;;\ since the
bigger the vehicle the easier it ahould be to hit, and the
slower it goes the easier it should bdbe to hit. This
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approach provides a good means {u+ veasuring vhe reistive
vulnerability of a group of venicles and has been used on

itne following pages.

{1} Overland Ven’clec

PFigure 22 shows ine Chrec param-:ers of

transportiation effectiveness, world-wide utiljity,

and vulnerability, for the five classes of overland
QEMs, Pirst, as & result of factoring the effective-
neas by the utility, 1+ appeara that C'Ansan TIT and
IV offer the highest potential on a wc..a-wide basis.
Then from consideration of vulnerability, Class III
would meem to offer *he bost over-all capability.

(2) Amphidious Vehiclas

As in the overland vehlsle case, Pigurc 23 shows
the three paramsters. BEffectiveness and utility
coubined indicate that Classes IV and V offer the
best potential). With vulnerabilicy then considered,
Class IV eaerges as the vehicle pussessing t1e beast
over-all military capasility in tie arynii . ui» £isl14

of operations.
(3) Marine Vehicles

Por the warine vehicle, affectiven..s and

valnerebility aru relat.ve), easy to detemmine,
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From conéideration of effectiveness and utliity,
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However,'when vulnerability is considered, Class IiI
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. greater annual utilization due to its higher operafing

heighf}:bﬁt Class I it less vu.. “rable.in a combat

situation.
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OPERLTIONAL FEATURCS OF MILTAFY GROUND EFFE

(3) Vvisibility

As discussed in “he Induced and Combat
Enviconment Sectlons, viclbility, both from
venlcle, and of the vehicle by the enemy, pr
a significant probivm. The extent of the pr
dcpends mainly on the terrain ove:rr which the

is operating.

In all terrains with loose surfaces, ar
water, rieans are required to reduce the exte
which particles picked up by the air curtalr
projected in a vertical direction. Several
approaches are worthy of further investigat!
development; among these are particle deflec
which may result in some ioss of performance
the applicri.»n of reclrculation to the 1ift
which appears to offer preater Lrom*se alnce
creases the over-all vehicle efficiency as »

reducing tho particle proje:xtion problea.

For general viaibility purposes, winds!t
cleaniry devices, direct-visic +indow panel
other features "hat amc common practice in ¢

and ehl, Lieerign are . "rectly applicable to (
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Since the worst conditions of hoth ¢
defensive aspects ¢f visibility arize in
conditlion, suriace treatments can be util
crovida & complete solution on a long-ter
where operational conditions pormit. Harx
stabiiization of the terraln by chemical
meanz w.ould provide essentially a particl

for regular operations.

(2) Meneuverability

Maneuverabllity becomes progresegive!l
tant as vehicles are ccnsidered tor opert

amphibious and overland envirommentso,

For the marine vehicle, operating p
large expsnses of water, maneuverablialty

hecome a prime consideration until temi
are discussed., Here it would appear that
the marine configuration and design cond:
vide u "dlaplacemen'-craft” capability,
mansuverability can dbe attained,

Ii. the amphidious rovle, a vegree of
cralt” menciverability would Ve advantag:
more deman’ing cord!sion arises wher the
eroag ‘L~ asurf . "ne and stop on a deach

area. A careful study of the handling a:
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Since the worat conditions of hoth oftensive and
defensive aspects ¢ visiblliyy aricc in the hovering
condition, suriace treatments can be utilized to
provida n complete eolution on a long-term basis
where operational conditions gormit. Hardening and
stabilizati.n. of the terrain by chemical or mechanical
mean: w.ulé provide essentially a particle-tree surface

for regular operations.

(2) Meneuverabllity

Maneuverabllity becomes progrecsively more impor-
tant as vehicles are ccnsidered for cperation in marine,

anphibious znd overland envirorments,

For the marine vehicle, operating primarily in
large expanses of water, mancuverabilisy doesz not
come a prime consideration until terminal operations
are discussed, Hare i1t would appear that by choosing

- the marine configuratior and design conditions te pro-

vide & "2inplacemeis-craft® capadility, the required
maneuverability can be attained.,

In the amphibious role, a Jegree of "ulspiscement-
craft” mascuverability would de lanntngoouﬁ. dut a
mere Aesanding cond)tion arises whe- the craft has vo
crons Uh2 surf line and atop . & deacn '~ a limited
area. A carerul study of the handlidg ant control




chargeteristics requi-cd for such & maneuver will
probably indicate the desirabllity of utilicing
skids, wheals, sc2 anchors, reversible pitch alr
propellers, or a number of other devices in order to
providz this capability for stopping suddenly. In
any event, the craf. must be able to slow down tc a

guitable gpeed for negotliating land obstenlés.as soon

ag the heach ia annrrachad,

The »verland vehicle presen:;s the most severc
maneuvering problem, since it mugt negotiate aveas
which have probably not heen cleared with GEW
operations in mind. The need to stop rupidly, to
change direction and to accelerats quickly are all
paramount tu a successful oworland'exﬂ operltion.

' The approach sdoptcd by one British dusign group,
that of providing & basic OEX design with a half-

~ track system fc * uze part of the time, mey prove to
be the most praotical for the overland vshicle, '
Purtner consiciration of maneuverabiliiy in overland
gperationz is required, -

(3} Havigation

The dasis principie of oprvation of & GEN & .cee
it paritoularly well suited, by ou ‘rast to norsal:
" surface vehiclas, for travelling from puint-to-yoint

S




rapidly with comparat-:-oly little :egard for tne
terivain to be crossed. Since this implies that the
GEM can operate ! areas where routes h;ve not been
previously 2stablished or surveyed adequate navigation
facilities are essential to their operation. In
pariticuliar, equipment to detect the presence of
nbastructions along the intended route, such as truaes,
large outcrops of rock, banks, heavy surf conditi~ns,

and so on, will be required.

(4) Accumulation of Surface Material, Snow and Ice

During operations over surfaces that will permit
the OEM downwash to dislodge particles, much material
will be returned towgrds the machine and may collect
on the machine. Prolonged operation will result in
asccumulation in all the crevices, intakes, and re-
entrant contours of the machine, resulting in a
severe servicing problem. If the enviromnment is one
of anow, ice or freesing rain and mist, then the
collected material will build-up, addine to the gross
weight of the machine, and impeding efficient opera-
tion of the 1itt system anu engines. It is, therefore,
esseutial that the machine de cunfigured to ave':!
locations where acoumulation 2. - tale place. In
addition, adequate snow a-! loe rem. ~1 equipaent mi3t
be installed where the operational situation demands it.
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Thie may consist of erecuilcal, mechanlical, thermal
or pneumatic devices, &3 well as Lhe use of chemical

sprays on the surfauc,

SPECIAL FEATURES AND EQUIPMENT

(1) The followirg feutures and equipment are common

to all vehicles in every class:

Heating snd air-conditioning fo.* crew and

cargo compartments in Arctic or tropic areas.

Shock and vibration isoiation throughout

the structure.

Sand, dust and spray intake screenr or
deflectors over engine and lift system

intakes,

Engine boost vapability for tropilocal
conditions.

(2) The following special teatures are common to

marine and amphibjious vehicies:

Cushion edges around outermost vehici.
perimeter, for structural protecticn dv~'+yg
loading and unloading . ° wharves or along-
side ship.

-3Th~




Anti-corrosion treatment for the stiucture,
the powernlants, and the 1lift system, to
permit sustained operation in salt water

areas are tr.niocul areas,

Fioiatlor raprability for water handling,
and fnr satet; in the event ui power

failure,
Wheeled bottom for ground handling,

Strengthcried bottowm to resist impact with
coral and rocks.

Hyd: ophobi~ treatment on beaching surfaces,
such as skids, to provide long service
1ife for these components,

(3) The following special features erre comacn to
amphibious and overland vehiclea:

Retractible legs to support vehicle above
rocky terrain, when power 13 shnut down,

Erosion-resiztant 20atings in the lift and
propulsion systsms, particularly in the
inteke regions and on “he first stage
blades.




Power boost for jump capability rather
than excessive installed power required
for this capability.

(4) The following special features are required by

overland vehicles:

Anti-corrosion treatment for tiopicael

opergtions.

6. SUMMARY OF OPERATIONAL FEATURES

The 15 classes of vehiclea, their required operating
conu.tions, utility, special cquipment and other features of
interest, are summar.Zed in Tables 2vU and 21 following
this peage.

.
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