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PREFACE

Two introductory chapters have been used to give the hecessary
background to the main subject-matter of the thesis. The first of these
chronologizes the significant steps in the development of merial photo-
graphic ingerpretation from the first recorded aerial photograph to the
present day respected position of the art in both military and civilisan
professional circles. The second introductory chapter deals with the
fundamental principles involved in airphoto interpretation and of their
specific application to scil engineering mapping for road projects inkv

Southern Africa.

This is followed by the major theme of the thesis, which'con-
cerns the direct location by aerial photographic interpretation of the
various classeés of material used in the‘construction of a modern day road.
Although aerial photographs have been employed in recent years for direct
interpretation and interpolation of certain specific road building mate~-
rials, their use in this manner has becn limited to a few special cases.
This thesis sets out to show that under certain conditions, which pertéin
in many regions of the world, airphoto interpretation can be used for the
direct location of'materials possessing particular engineering character-
istics. Purther, it sets out to show, that this can be done for the full
range of engineering properties required of materials for all the signifi-
cant layers of construction,despite the fact that the materials involved
may be of widely differing composition and geological origin. The actual
interpretation is based on the fundamental recognition of the dements of
form, tone, and texture making up the total photographic paftern. Similar
features reflected on photographs are shown to be comprised of similar
materials, not merely geclogically speaking, but more especially in re-
spect of their signifieant engineering characteristics; it is still
further demonstrated that this is applicable even when such features ’
arc situated some considerable distance apart. Variations of notable
engineering imporfance within one and the same geological occurrence,
are also shown to be identifiable on the gserial photographs. For major
road projects in areas subjected to certain environmental conditions,
these possibilities form the basis of a new prospecting technique,
which incorporates the full use of the science or art of interpreta-
tion. Thé_basic concept governing the applicability of this technique
and the steps necessary to ensure the development of the full potential
of aerial photography in its application, are discussed and illustrated

by detailed accounts of a number of specific projects. These projects

ix



~incorporate both materials appraisals of wide strips of country for

route location purposes and intensive prospecting along chosen routes.
The technigques thus developed, constitute a new approsch to materisals
investigations for major road projects and in this respect contribute

to knowledge in this field.

Finally, conclusions are drawﬁ on the relétive merits of
materials investigation methods in current use in South West Africa
and on how these methods affect the different organisations involved
in the planning and construction of major roéd projects. - The use
made of airphoto interpretation for similar engineering works in other
countries,as well as the possible future scope for the application of
the particular method of materisls investigation described in this

thesis, are also covered.



THE HISTORY OF ATRPHOTO INTERPRETATION

l1.1. 1840 - 1887 : EARLY AERIAL PHOTOGRAPHY FROM BALLOONS

1.1.1. The first known suggestion of aerial photogrqphy, teken from

a balloon, appeared as =a joke’}n a French lithographed caricature,
"Daguerreotypomania', in 1840. This followed closely on the inveﬁtﬁm
of the first practical camera, the "daguerreo-typeV, on the 19th August,
18%9; the co-inventors being Joseph N. Niepce (1765 - 183%) and Louis
J .M. Daguerre (1787 - 1851). The invention was immediately bought by
the French Government. Photo intefpretqtion as practised today is
usually considered to date from this time.

1.1.2. Between 1840 and 1886 various obligque photogrsphs were taken
from captive and free balloons, in which houses and other objects could
“be cléarly seen. The first such photo in the United States of aAmerica
was taken from a height of 1,200 feet over Boston by Samuel A. King and
J.%¥. Black. In 1862 and 1863, the physicists Glaissher, Coxwell and
Negretti took aerial photographs over England, while Triboulet and
Deémarets took photographs over Paris in 1879 and 1880 respectively.
Shadbolt and Dale in England, in 1883% and Sibberer in Vienna, in 1885,
made further experiments with aerial photography from balloons..

1.1.3. The first military use of aerial photographs recorded, was
during the American Civil War when General McClellan secured the ser-
vices of balloohists La Montagine and Allon to take aerisl photographs
of Confederate positions. In June 1862 gerial photographs were also
used by the Union Army, to gather intelligence on the defences of Rich-
mond. In 1886 experimental aerial photographs were taken during a free
balloon flight for the Russian Army by Kovanka, the commander of an sero-
stat crew. He took picture; of the fortresses'of Kronstadt and Peters-

burg, which demonstrated the military importance of amerial photography.

1.2. 1887 - 1909 : EXPERIMENTAL PHOTOGRAPHY FROM KITES, ROCKETS
AND CARRIER-FIGEONS

1.2.1. Between 1887 and 1909 the development of aerial photography
was continued through the medium of kites, rockets and carrier-pigeons,
while the technical gpparatus was also being improved.

1.2.2. The first recorded kite aerial photographs Qere taken by A,

Batut, a Russian, from a height of 127 metres. This was followed in
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1899 by R. Thiele, a Russian government councillor, who connected
seven unmanned kites, and produced a "Panoramograph" which proved

useful for cartographic recording and interpretation of remote areas.

1.2.3. In 1906 -the Saxon engineer Alfred Maul demonstrated a rocket
propelled by compressed air, which rose to 2,625 feet, took pictures,

and then pérachuted the camera to earth.
1.2.4. In 1909, Julius Neubronner published = ﬁamphlet describing
carrie~pizeon aerisl photography. He also demonstrated a panoramic

and stereoscopic camera and urged its use for strategic purposes.

1.3, 1909 -~ 1918 : ADVENT OF THE AEROPLANE AND SUBSEQUENT
' ADVANCES TDURING YWORLD WAR I :

1.3.1, - The balloon and kite platforms were not navigable infthé
str%ct sense of the word, and this prevented the development of
aerial photography to embrece a wider range of scientific uses. A
piloted aeroplane on the other hand, can carry a camers to any part
of the earth. It was the advent of the aeroplane which increased
the scoﬁe, and advanced the science and art of aerisl photography

and photo interpretation to whet we know it to be today.

1.3.2. The first recorded photographs taken from an seroplane, were
taken by Wilbur Wright on April 24, 1909. These were motion pictures
taken over Centocelii, in Italy, but it was not long after this that
German aviation students training at English flying schools began to

use cameras.

1.%.3. The advent of World War I saw prodigious development in the
military use of aerial photography. The first aerial photographs of
German-held territory were made by Lieutenant Laws of the R.A.F. He
~~found it difficult to convince the authorities that aerisl photégraphs
could be put to practical use, until he brought back photographs of
very obvious intelligence value. Almost overnight the imvortance of
aerial photogfaphic reconnaissance was recognized, and proper methods
of photography, processing,. and photo interpretstion, were speedily

1

devéloped.

1.3.4. Lt. Col. J.T.C. Moore RBrabazon in collaboration with Thorn-
ton Pickard Ltd., designed and produced the first prqctical‘aerial
cameras, which were put into use hy the end of 1915. Prior to

this ordinary ground cameras had been used. This improved the
value of aerisl reconnaisssnce and photo interpretation to such an
extent that the photographic sections of the British arﬁed forces

grew enormouslyj,until the RAF. alone wss producing an average of one
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thousand prints g day. - The tactics of the wer were changed complete-
ly, as a vast amount of militafy information became impossible to con-
ceal from the serial camers lens. Camouflage materials, dummies,
decoys, and other deceptive devices were introduced, but in genersl,
were unable to influence the precise and coldly unbiased record of
aerisl photography.
1.3.5., It was found that nhoto interpreters could predict the move-
ments of the enemy by observing the varying =mcunts of rolling stock
and the installations.  TFor example, in 1917 seri~l photographs taken
by the French Army =zt Dreslincour disclosed the intentirns of the Ger-
mans and made it possible to plan ceuntermesasures. In 1918 photo
interpreters of the United States First.Army‘detected and identified
90 perceat of the German militsry installasticns opposite their sector
of the front. This interpretnation was verified on the ground shortly
after the armistice.
1.3.61 Although the value of gerial photography had been amply de~
monstrated during the wer, militsry interpret~tion csame nesrly to a
standstill after the armistice in 1918. Few tr-~ining proceddres had

been established and few aircraft =nd aeriel cemerss were made availdle.

|

1.4 1919 -~ 1939 : CIVILIAN DEVELOFMENTS BTWEEK THE WARS.

=

1.4.1. Despite the lack of further militesry dévelopument betweeﬁ

the wars, comnercial uses of photo interpretaticn Mmade many advances.
Fhotographs were taken and maps produced by several survey companies.
which were formed in the United States of America, and some of these
companies grew into large organisations. U.,S.A. Government Agencies
also made.extensive use of aerizl photography. Tiie Agricultural
Adjustment Administration photogr=sphed farm and ranch land; the
Ferest Service photograyhed timber reserves; the Geological Surﬁey
photograrhed many areas fur the production of topographic and geologic
maps, and so on., State, country and metropolitan plsnning agencies
fellowed closely on the governmant lead.

1.4.2, Several scisntific journals begen to specinlize in photo-~
grammetry and photo interpretstion. Carl ?roll, professor at Honn
University, published many v-pers end ~lso tr=nsleted mrny others

from Russizsr into German. By 194C, hundreds of p=pers on vhoto
interpretation had been published in journsls of archasoclogy,ecology,
geology, pedology, forestry, engineering, -nd geography. Rooks too
began to appear; Lee published one of ths esrliest works on the sub-

ject in English in 1922,
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1.5. 1939 - 1945 : MILITARY USES DURING WORID WAR II

1.5.1. Neithér the stimulus given to photo interpretatioﬁ, both
military and civil, during World War II, nor its importance in the
ultimate outcome of the war itself, can easily be over-emphasized.
Perhaps the words of the then Chief of the German General Staff,
General Werner von Fritsch, best sum up aerial rhotography's plaCe

in the war effort, In 1638 he is credited with saying : "The
nation with the best photo reconnaissance will win the next war',
Towards the end of the war in 1944 with the experience of many

battles behind him, a Russian front-line commander stated: "Photo
reconnaissance 1s our mainstay, for without it'we are virtually

blind. Ground observation cannot fufnish 9 commanding officer

811 the information he needs; only when I have before me aerisl
photomos8aics showing me not only the front line but'also the depth

of the terrain ahead can I properly make tactical decisions". The
above two statements convey to some degree the very extensive use
which was made of aerial photography and photo interpretstion by all
combatant countries during the course of the war. A few examples of
this‘use by each major participant country will be given to illustrate
further the tremendous progress which teook place in this science during

these relatively few years.,

1.5.2. In the early part of the war it was Germany which led the
world in military photo reconnaissance. From September 1939 to May
1940, they were busy on the Western Front photogre=phing 2ll important
military(installations from Norway to the South of Frence. This effec-
tive reconnaissance was one reason for the success of their strikes
against the Allies during this period. However, after the death of
the German Chief of Staff, General von Fritsch, the quality of their
photo intelligence declined. In general they were content with se-
cond-rate photo intelligence; and there is even some evidence that
they failed to make consistent use of stereoscobic pairs.

1.5.3. The Japanese; 2lthough they had =n efficieht progr=mme of
aerial mapping patterned on the Germsn methods, did not fully eppre-
ciate the value of aerialAphotbgrqphy in militsary intelligence. Their
campaigns were carried out without much use of even the photo intel~
ligence available. Towards the end of the war they reslised that
their neglect of photo reconnzissance wss g major defect in their

intelligence system, but it was then too late for much improvement.

1.5.4. Among the Allies the British were in the forefront in regard

to photo reconnaissance and photo interpretation. In 1941, when the
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U.S.A. entered the war they sent officers to Britsin for initial
training before opening their own photographic interpretation schools.

Some notable achievements by British photo interpreters were :

(i) The detection of German invasion barges in canals
near the coast of France =nd the Low Countries in .
the summer of 1940, which constituted the major evi-
dence th-t invasion offEngland was imminent., It im-
pelled the British to launch such an effective air
attack that Germany was forced to nostpone the in-

vasion and finally abandon it.

(ii) The discovery of German warships, in ports and on
the high seas, resulting in several r=ids which kept

German naval power crippled throughout the war.

(iii) The detection of German V-weapons ‘between 1942 and
1945, The V - 1 rocket at Peenemunde was detected
twelve months before it was used ageinst England.
Ninety-six other steel and concrete launching sites
were identified by photo interpreters snd subsequent-

ly destroyed by bombing.

1.5.5. The Aunerican photo intelligence’developed rether slowly in
the Pacific because most of the early action was defensive. In fact,
the landing at Tarawa revealed a major deficiency in #merican photo
intelliéence. The depth of water over the fringing cor-1 reef was
over-gstimated causiug maﬁy amphibious l-nding craft to run aground
far from shore. ‘*“hen the seriousness of the deficiency was reslized
the Naval Photo Interpretation centre began a progremme of intensive
research on water depth determingtion and devised methods of measuring
water depths on aerisl photogr~phs which was lester proved to be accu-
rate to within 7% for dépths up to 30 feet. After this, 2nd the advent
of the B-29 photographic aircraft, American photo reconnaissesnce increa-
sed tremendously and highly reliable target informgtion folders were pre-
pared for large areas of continental Asia and its offshore islands, in-
cluding Japan. At the end of the war in the Pacific, in 1945, Admiral
F.Gs Turner, who had commanded the Amefican amphibious forces in this
theatre since'1943,-paid this tribute to photo interpretation: "Photo-
graphic reconnaissance has been our main SOurée of intelligence in the

Pacific. Its importance cannot be overemphasised.™
1.5.6. The Russians had experimented with various methods of photo-
graphy and photo interpretation during their war with Finland (1939 -

1940), so were reasonably advanced when they entered World Yar II.
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Once their offensive commenced in the fall of 1941, a photo recon-
naissance service was estoblished, which distributed msnnotated maps,
photographs, and mosaics in quantity to ground snd navzl commanders.

Two notable achievements of Russian photo interpreters werey

(i) The discovery of the disposition of German defencés,
airfields, and river crossings during the battle of

3talingrad in 1942,

(ii) The use of aerial photography in planning the
counter-attack which 1lifted the blockade of Lenin-
grad in January of 1944. Urban areas, railway
stations, and marshalling yards'were photographed
at night. Iarge scale photography was used on
German front line defencesy,and smaller scales for

areas some distance from the front.

1.5.7. In the Burepean theatre of the war the Allies worked large-
ly together on photo reconnaissance missions. Just prior te, and
after . the invasion, their activity in this direction was intense.

Detailed aerial photography was undertaken in the following instances:

(i) The invasion of Sicily, for which over 500 photo

reconnaissance missions were flown.

(ii) The invasion of the Italirn mainland where Allied
forces flew more than 1,100 photo reconnaissance

missions within a2 period of three months.,.

(iii) All enemy-held ports in the western and central
Mediterranean were vhotographed, the lsrgest and

most important as much as twice d=ily.

(iv) Prior to the Normandy invasion, when Allied
photo interpretérs identified installations,
and constructed accurate terrain models which
were invaluable in planning amphibious landings.
During the assault itself some photo interpreters
were attached to group staffs afloat, while others

want ashore with the landing forces.

(v) The advance inland towards Germany, when Allied
battalions and regiments were issued with annota-
ted, gridded, and enlarged aerisl photographs, to
plan both small and large dffensives alike, One
regimental intelligence officer illustrated the

extent to which this was done when he remsrked :



T

"The eperation for seizing the town of Wurselen was

conducted entirely with aerial photographs."

1.5.8. By the end of the war, intensive militsry research had de-
veloped cameras with fast and nearly distortion-free lenses, fast
and dependable shutters and many other technical improvements. The
sensitivity of film emulsions had been improved znd special types of

»
film had been developed for high sensitivity in certain psrits of the

spectrum. These ilmprovements, and others which photo interpreters
now enjoy, are attributable to the intensive wartime developments

described.. In addition to this, several thoussnd men zand a few
women had received training énd practice in militéry photo interpre-
tation. Many of thesa were professional'people such as geologists,
engineers, forssters, geographers, soil scientists and othesrs, who
upon their return to civilian life found applications for photo in-

terpretation in their particular professional fisld.

»

1.6. 1945 ~ 1964 : CIVILIAN AND MILITARY DEVELOPMENTS SINCE
WORILD WAR IT '

1.6.1. Due to the impact on civilian life of the many thousands of
trained military photo interpreters, the twenty years since the =nd
of fhe war have sesen the use of airphoto interpretation mushroom in
many Spheres. Most of the developed countries have completey or
near~complete airphoto cover, while many of the underdevelopsd coun-
tries are at least partially covered. South 4frica for example, was
photographed towards the end of; and immeidately after the cessation
of hostilities, It now has 95% cover to scales of either 1 in 30,200
or 1 in 36,Q00. Much of South West Africa has been rhotogresphed re-
‘ cently to a scale of 1 in %6,0C0 and aerisl phbtographs covering over
50% of the land surface now exist. Once aeriesl phetogrephy is’avai1~
ahle, the variety of scientific uses to which 1t can be put, incfeasesl
For example, on many projects which in fhemselves do not warfant special
photography, usé is made of aerial photos which happen to be availsble.
The extent to which airphoto interprefation is now being used in civi-
lian life can hest be illustrated by the many post-war articles which
have been published under one or other of the following scilences:
Geology, Soils, Engineering; Vegetation, Forestry, wildlife Manage-
ment, Range Management, Hydrology and Watershed Management, Agricul-
ture, Urban Area inalysis, Archeeology, Geography, Ice and Oceano-
graphy and Coastal Research. The convenignce =nd versatility of

aerial photography has only begun to be éxploited in these sciences
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t

and many future advances can be expected. Although the principles
on which airphoto interpretation is based, arc of long standing, the
actual methods used in their application to the sciences mentioned, |
have for the most part originated since the end of World War II. In
fact these methods have formed the subject matter of many of the ar-
ticles and theses which have appearcd. This prodigious activity in
the application of photo interpretation is nalso reflected in ths tre-
mendous increase in the number and quality of photo interpretstion

courses offerad at Colleges and Universities throughout the world.

1.6.2. Military authoritiss have by no means been inactive in the
sphere of airphoto interpretation, as was the case after World wWar 1.
Research establishments such as the Military Engineering Experimental
Establishment in Hampshire, England, continue to undertake extensive
research and are still playing a leading r6le in this field, Military
.pnoto interpretaticon has also played 1ts part in most of the armed
~éonflicts since the end of wWorld wWar II. For example, the United
Nations forces in korea used girphoto interpretation extensively from

"the start of the campaign until the end of hostilities.

1.7. THE PAST, PRESENT, AND PCSSIBLE FPUTURE ROLE OF AIRPHOTO
INTERFRETATION

1.7.1. In a little more than 120 years, photo interpretation'has
thus advanced from its infthy through stages of =2xperiment to =2 re-
spected place in military and civilian professional circles. The
advent of the aeroplans and the two Yorld Wars occupying 2 period of
approximately ten years, have in themselves been responsible for much
of this phenomenal development. Today the methods of sirphoto inter-
pretation are precisz, its results relisble, and its value widely re-
cognized. It can be expected to play an even greater réle in the

future space age.
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CHAPTER 2.

I'g

THE FUNDAMENTALS OF AIRPHOTO INTERPRETATION AND THEIR APPLI-
CATION TC SOIL ENGINEERING MAPPING FOR ROAD PROJECTS IM SOUTHERN AFRICA.

2.1. INTRODUCTION

2.1.1. Basic principles : The basic principles of airphoto interpre-

tation are relatively simple, but the prectical applicstions thereof can
be more complex and require training and practice. The most important
principle is that of observation and fhe technique involved has to be
mastered before logical modes of thought can be applied to draw correct
conclusions from all the relevant facts prescnted on any particular

airphotos.

.

2.1.2, Three fundamental fscts of aefiql photogr~phy explain its unique
usefulness under many circumstances. Pirst; s large area of the earth's
surface 1s pictured on each photograph. At a scale of 1 in 20,000 this
amounts to about 9 square miles. The observer has a birds-eye view and
can thus study a wide arsa at leisure. The relestions between objects
and their surroundings, as well as significant patterns which might not
be readily evident from the ground, can be observed. o det=ail is
sacrificed in ébtainﬁng this advantage, as the photos rcecord the mi-~
nutestrﬁarticuiars;u Sécondly stefeoscoﬁic pairs provide three-dimen-
sional images of the earth's surface and the objects on it, but with

the verticaliscaie exaggerated to about threc times its normal size.
This enables the measurement of heights and vertical angles to be made
and makes it easier to detect and identify objects. In fact, the-suc-
cess of interpretation would be appreciably more difficult, if not im-
possible, were it not for the vertical dimension. The exaggeration

of this dimension is often an additional help, especiagly where small
difference in elevation are important. Thirdly, photographic images
are 2 permanent inventory of an area at the time and‘on the date on
which they were taken. Photographs taken ot different periods, there-
fore, will lend themsslves to comparative and historicsl studies.

21.3., Verticdl exagegoration: In stereoscopic pairs of aerial photo-

graphs the exaggerated impression of depth mentioned previously, is
caused by theylarger angle of parallax provided by the air and corres-
ponding photo base, compared with that of the normsl sye base. Within
limits, at a given viewing distance, the grceater the eye base the grea-
ter the angle of parallax and, hence, thc greater the apparent depth.
When viewing sterecoscopically each eye looks at the same image but from

'a slightly different angle corressponding to the relative positions from

L
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which each airphoto was taken; The photo basce, therefore, becomes a
much increassd eyec base rzlative to the scalc of the photography snd

the height from which the photos are studied. The essentiél function
of the stereoscope is to bring about this increased eye base by ensﬁring
that cach eye looks a2t only onc photograph of the stercoscopic pair. The
magnification of the lenses 1s desirable but not zssential. The differ-
cnce in relative shapc betwesen objects and their photographic images
caused by this exzggeration, must be taken into consideration in inter-
pretation. During training repeated ground observations should be

made of objects studied on the airphotos until sllowance for this dif—
ference becomes second naturc. The ability to obtain stercoscopic vi-
sion, that is to appreciate depth through perception of paréllax, is
however not 2 skill common to everyone. Those who cannot acquire this

with practice are at a distinct disadvant=ge as photo interpreters.

2.1.4. Advantages and limitations: Photo interpretation, then, has the

advantages over direct observation of areal scope, perspective, and time
relations. ILike direct observation, however, it is dependent on the na-
ture of the scene obscrved and on the training and sptitude of the obser-
ver, for the amount and reliability of the information obtained. For
the best results it is essential that the observer be an expert in the.
particular field for which interpretation is being carried out, as well

as being in ponssession of all the attributes of a good photo interpreter.

2.2, COMMON TYPES OF AERIAL PHOTOGRAPHS /

2.2.1. Types and their crrors: Alrphotos are taken zither verticzally,

where the tilt is negligible, or obliquely. Obligue photograsphs arec
classified as either high or low, the former including the horizon while
the latter docs not. All obligque photos show the earth's surface in a
berspective to which the average person is more accustomed, but esntail
special problems in regard to measursments as well as interpretation.
Vertical photos on the other hand approximate most closely to méps and
are the easiest to work with once the uninitiated has become accustomed
to the vertical view. To those who have trained in interpretation of
engineering and other plans this view precsents no problems. In flat
dountry, in fact, the difference between a map or plan of an area and
the corresponding airphoto to the same scale, is very slight. In hilly
terrain the relief displacement (due to radial distortion), which in-
creasces from the nadir point outwards, 1s apprecisble towards the edges

of the photos and this tends to make horizontal measurements unrelisble.

2.2.2., Mosaics: Individual airphotos joined together along match lines
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to form a vertical picture of a larger area, are caslled aeri=sl mosaics.
These should always be produccd =slong ;traight match lines as irregular
shapes could be confused with soil boundarics. Cnly slternate flight

strip photos arc neesded on account of the 60% end overlap. Mosalcs are
normally =ither uncontrolled, that is made up from unrectified photos;
or semi-controlled where uncontrolled blocks of mossics sre rectified

and then re-photographed to a reducced scalc; or controlled when pro-
duced from fully rectified photos. Uncontrolled mosaics, which are
mainly subject to the errors of tilt and radizl distortion, are satis-

factory for most practical purposcs.

2.3, INDICATORS.,

2.%3.1. 8ize and shape: Thc size of an object is often one of the most

useful clues to its identity. It is thus, an essential first step to
familiarize oneself with the relative size of objects on the scale of

the photographs being studied. When working with photography of
variable scale; however, carc will be reqyired and frequent measure-—

ments may become necessary to verify the interpretation. -

2:%3.2. Shadow: Aerial photography for genaral purposes is usually flown
within two hours of local noon so that the shadows present will be small. .
This is done in order to record as much as possible of the ground surface,
for thesobjscts on which shadows fall reflect so little light to the aerial

camera as to be visible only dimly or not at all in the aerial photographs.

2.3.3. Tonct In black-and-white photographs, distinctions between hues
arc lost and objects are observed in tones of grey. Variations in these

tones arc often major clucs to the identity or composition of objects.
The film best suited to recording differences for the rénge of colours
of the visible spectrum, is panchromatic, which, with thevminus—blue fil-
ter to reduce haze interferencc, is commonly used for general purposec
photography. The tones of photographic images are, however, influenced)
by many othor’factors apart frdm colour, but slways remain relstive for
any time of year and under any single condition of phbtographic proces-
sing.  for example, (i) = body of water may appear in tones rénging
from white to black, depending on the anglc of the sun and the nuﬁber

of wave surfaces reflecting light to the camera, (ii) a black asphalt
road may appear very light in tone hecsusce of its smooth surface and,
(iii) 3 trail may appear white in dry weather but dark after rain. Once
the‘photo interpreter undcrstands these factors tonal varistions can be
used reliably as indicators and are particularly important in stereo=-

scopic pairs if the objects of interest have little or no height. The
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soil scientist uses tonc differences to classify soilsy the forester to
distinguish hardwood from conifero&s trees; the geologist to map litho-
logy and structure or to prospect for minerals; and so forth.
2.%.4, For speciglized johs definition of tones can be emphasised for
particular objects by the use of a different film-filter combination.
For instance, infrared or modified infrared.photography records con-
ditions of plants, soils, and drainagc which are of special interest

to the ecologist and agriculturist.

2.%3.5. (Colour : Colour photography may be economically justified in
special cases where natural colours would play a2 decisive psrt in iden~
tification, It is, however, up to twelve timses more expensive than
black-and-white photography.

2+346, Texture : Texture in aerial photographs is creatsd by tonal
repetitions in groups of objects which are too small to be discerned as
individuals. In nature differing materials and vegetation can both im-
part textures to the airphotos distinctive cnough to serve as reliable
clues to the identification of the objects themselves. The size of
object required to produce texture varies with the scale of photography.
In large-scale photographs, trees can be seen as individuals; their
leaves or needles cannot be discerned separately, but contribute to the
texture of the tree crowns. In photographs of smaller scale the crowns
contribute to the texture of the whols stand of treas.

2.3.7« Patterns : Appreciation of the significance of aerial photo-
graphy 1is chiefly obtained through an understanding of patterns on the
earth's surfacec. These patterns may be either ngatural or cultural,
large or so small that they would probably be overlooked on the ground,
but on the airphotos are still dastectable. Qutcrop patterns provide
clues to geologic structure, and drainage patterns are associated with
structure, lithology, and soil texture. Vegetation patterns are asso=~
ciated with varying relations betwcen organisms and their environment as.
well as between varying geolcgical formations and surface deposits. Cul-
tural features are conspicuous in aerial photographs because they consist
of straight lines or other regular configurations. Technigques of camou-
flage attempt to blend this regularity into the nstural patterns of the
environment. Most of man's activities leave scars on the earth which
remain detectable for as loﬁg as thousands of years after the activities
have ceased. Identification of man-made features on zerial photographs
can often be made without resort to field checking. A road and a rail-
way may loock much alike in a photograph but can be diffcerentiated f:om
the configurations required by their functions. A A road mgy have fairly

stecep grades, sharp curves, and many intersections, while a railroad has
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gentle grades, wide curves and few interscctions.
2.3.8. Regional patterns which formerly could be studied only through
laborious ground observation can now easily be observed by the use of

acrial mosaics.

2.4, SOIL ENGINEERING MAPPING BY AIRPHOTO INTERPRETATION AS
APPLIED TO_ ROAD PROJECTS IN SOUTHERN AFRICA.

~

2.4.1. Basic concepts: A soil engineering map aims at linking the

geology and pedology of an arcea to engincering properties, and 1is
especially directed towards the projects envisaged. "S0il™ used in
this scnse is defincd as both the consolidated and unconsolidated ma-
terials to Eo used 1in engineering.construction, and should not be
‘confused with "soil" as dcfined in soil mechanics and foundation engi-

neering, or as defined by the agriculturist.

2.4.2, The principlecs of airphoto interpretation as applied to soil
engineering mapping arec relatively simple. Basically rocks subjccted

to weoathering and crosion, assume characteristic shapes dcpendent on
their physical and chemical ,propertices. The aerial camera rcecords
these characteristic features which, to thce trained eye, are then dis-
cernible under stcereoscopic examingtion. It is usually possible, there-
fore, to demarcate accurately on the airphotos themszlves, the contact
linegs between different basic formations and also between variations in
the supcrficial surface dceposits. It is stressed, however, that the
different typces of rock and surface deposits involvecd, must be estab-
lished iﬁitially by field inspection and correlated with their airphoto
indicators, after which they can be inferred by analogy, with a suffi-
cient degree of certainty, in adjoining areas which have been subjected
to the same or similar environmental conditions.

2.4.3. The essential differences between mapping with the aid of air-
photos and airphoto interpretation, and that of conventional mapping are
thus, (i) that the airphotos (which should always be vertical) act as
the base map and, (ii) that the stereopairs are used for the direct de-
marcation of boundary lines. The technique accelerates the production

and increases enormously the accuracy of, ahd amount of detail in, maps.

2.4.4, Contact prints and their handling : Airphofo negatives for gen-

eral purpose photography are currently 9 inches square in si;e, and can
be printed on either single, or double weight paper,; with respectively
matte, semi-matte, glossy, or glossy and glazed, surfaces. '~ The single
weight paper is thin and weak, while the double weight is thick and

stronger. Both tend to curl badly when dry. For soil engineering
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mapping purposes, double weight paper with matte and semi-matte finishes,

have proved to be the most useful combinations.

2.4.5. A set of photographs covering even a limited road project, may
number 50 or more individual contact printé. Hence before starting
detailed examinatien of the stereopairs, it is highly desirable to
institute an orderly method of handling the prints, so that time 1is
not wasted in selecting the photegraphs. The following simple method

has been found eifedtive in practice :

(i) Give consecutive flight strips letters which follow
a corresponding sequence in the alphabet, 1i.e. A,

B” C, D sas etC-

(ii) Number the prints on each flight strip from left to
right, beginning with the numeral one.
(iii) Write in the top left hand corner of each print its

" notation, i.e. letter and number.

(iv) The field and office sets of prints mre then distin-
guished from each other by enclosing the print nota-~
tions with a circle and a square respectively, or

visa-versa (2.4.12),

2.4.6. Indicators : For purposes of conveying information and descrip-
tion of airphoto patterns, it las been recommended that the breakdown
of elements forming the total pattern on airphotos, should be as
follows :
A. Elements of form:
1. Topographic form
2. Drainage form

3. Erosional form

B. Elements of tone and texture:

1. Tones and textures of vegetation

2. Tones and textures of land use

3. Tones and textures of materials.
An idea of the function of indicators in airphoto interpretation has
already been given (2.3.1 fo 2.3.8). Generalizations'on interbretatbn
ahd the relative importance of the various indicators, are difficult to
make; and can be very misleading, due to the wide range of materials and
conditions encouhtered on different projects. Specific cases of the
use of many of the above indicators are given throdghout Chapter 3,
with comments from the experience gained in Chapter 4 (4.5.1 to 4.5.@.

2.4.7. Scale of photography: Overseas it has been found that a scale

of photography of from 1 in 20,000 to 1 in 40,000 is usually adequsate

for general mapping purposes. In Southern Africa experience in' the



15.

production of soilil engineering maps for highway-projects, has led to
the general ohservation that the higher the rainfall the lafger the
scale reguired to obtain the same degree of mccuracy. The following

scales have been recommended 2s a general guide:

Reinfgll exceeding 25 inches per annum, scale 1 in>10,000 or larger
"  between 10 and 25 " " ", scale 1 in 20,000

" less than 10 inches " !

y Scale 1 in 30,000.

If the scale of the airphotos is tco small an appreciable measﬁre of
accuracy of annotation and detail of information given, will have to

be sacrificed; and a greater preoportion of the annotation will also
have to be done under the four magnification stereoscope, thus sacri-
Ticing speed of operation as well, The indicators of texture and tone
of materials, are cases in point where the minimum scale of photography
is sometimes critical (4.4.1). A disadvantage of large scales is the
increase in the number of prints that have to be handled in the field
for a given area of country. However, these factors are not nearly

as important as the clarity of the prints themselves. For this reason
reduction or magnification in order to obtain the best scale, is never
considered, and only contact prints giving the maximum clarity possible
are used. The scale of photography, therefore, has a direct bearing on
the convenience of operation, the detail given in, and the accuracy and
speed of, any mapping project based on the use of airphotos.

2.4.8. If circumstances warrant special photography for any specific
project, then the line of flight should be parallel to the proposed
route, thus resulting in a minimum number of photos to handle in the
field. If the materizls investigation is to be based on a soil en-

gineering map, then the most suitable scale should also be adopted.

2+4.9., Adjustment of stereopairs : Quick adjustment of stereocpairs

in order to obtain stereoscopic vision, is & necessary accomplishment
before attempting detailed annotation work. For correct adjustment,
the segment of the flight line on both photos of the stereopair should
normally be in straight alignment. To obtain the line of flight, mark
in the principal zand conjugate principal points on each photo; and then
connect these with a straight line. Having once lined the stereopair
up in this fashion, the photos are moved parallel to the flight line
until a sharp stereoscopic focus is obtained. Usuglly one adjustment
will not serve for examination of all parts of the overlap. This 1is
particularly true in photographs having a short prihcipal distance,
where radial displacement towards the edges of the photos may neces-
sitate re-alignment for examination of these areas. 1In such a case,

the flight line segments on the respective photographs will not form
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a continuous straight line, but must still remain parallel. .

2.4.,10. With a little experience, stercoscopic vision can be obtained
easily without first establishing the directicn of flight. To do this,
choose a centrally positioned and prominent featufe in the stereopair,
and then place a finger from each hand on this feature; the fingers are
then easily merged under the stereoscope, and on removal, the photos
should he nreasonably close adjustment. If the images are not fused
perfectly, a slight relative movement, either towards or away from each
other, or of rotation, may be required until the image and impression

of depth are clear. 1t is stressed that careful orientation of the
Stereoscopic pairs in order to minimise eyestrain, is essential for pro-

longed work on the stereoscopic.

2.4.11. Annotation:: For the demarcation of geological boundaries,

the coloured or grease pencils often used for genersl purposé marking

of airphotos, are not‘satisfactory due to their thick traces which c=z2n
obscure important detail. A pencil of medium hardness and o rapido-
graph pen with black ink, are the usual annotating mediums. A matte:
finish can be marked easily by both .pencil and black rapidograph ink,
whereas glossy, and glossy, and glazed; surfaces, which display greater
clarity of detail, can only be suitably marked by the latter. Pencil
marks are readily removed from the photo finish by either an ordinary
pencil rubber, or by a piece of cotton wool dampened with either benzine
or water. Black rapidograph ink, on the other Hand, can only be erased
safely through the medium of a clean piece of water-dampened cotton wool. .
2.4.12, It is usual to use two complete sets of airphotos for any
major mapping operation. One set, which should be of semi-matte finish
for demarcation with both pencil and ink, is used for on the spot stereo-
scopic examination of the terrain, and for initial detailed annotation. .
The second set should normally have either a semi-matte or a glossy sur-
* face providing maximum clearness, and is for use in the office. This
set must.be kept unmarked during the field work in order not to cobscure
any of the detail. In flat terrain it is only necessary to annotate
every Second photograph in a flight strip. This simplifies the work

and helps to avoid wnwitting duplication of 2nnotstion. In hilly
country, however, it may be necessary to use every photo on account

of the appreciableirelief displacement towards the edges. On com-
pletion of the fielé work and annotation of the field set of photo-
graphs, the demafcation 1ines are copied in ink on the office set of
duplicates, from which the map is‘eventually produced. The advantages
rrovided by the stersoscope are‘made use of to ensure adequate accuracy

in copying. If
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stereograms are required for publication in an article, then photos with
a glossy and glazed finish should preferably be substituted for the semi-
matte office set of duplicates, as these retain greater clarity of detail
on reprcduc%ion.

2.4.1%. Where drainage patterns and watersheds sre not very obvious, it
will sometimes help the later. detailed annotation to mark these on the
photos before the field work begins, By reversing the stereopairs, the
drainage areas become high points which can facilitate their annotation.
Watershedé should preferably be marked in a different colour (red) to be
distinctive. The initial gnnotation of drainage patterns and watersheds
should only be done, however, if it is likely to be beneficial, and will
not obliterate detail which may be important later for demarcation pur-
poses. Overlays are sometimes cemployed Wherevthe possibility of dimi-
nishing the clarity of the photos must be avoided, but since the photos
themselves are far tougher, it is generally more satisfactory to use a

second set of photos in the manner already suggested.

2.4.14., Field equipment: The field equipment necessary for successful

501l engineering mapping by airphoto interpretation, is described in

paragréph 3.2.9. In addition to these items a heavy duty auger moun-
ted on the back of a 5 ton lorry (or similsr vehicle), and capable.of
boring through considerable deéths of sand, gravel, and surface lime-

stone deposits, to the underlying bedrock, is often essential (2.4.16).

2.4.15. Procedure : The field procedure adopted for the mapping, can
conveniently be divided into three major operstions, which are normally

executed in the sequence described below:

(i) 7Pirst a field inspection is made of the area to be
mapped, or porﬁion thereof. The primary objecfives
are, (a) to distinguish the major morphologicsl units;
that is the major'landforms such as hills, plateaus,
plains etc., (b) to select a key area in each major
landform which includes all stages.of development
and, (c) to establish the predominant geological
formation in each landform, from which the lesser
formations,; or variations thereof,; are differentia-
ted, and subsequently demai‘cated9 on the airphotos.
The number of trial holes necessary to deteraine

these criteria. should be kept to a minimum,

(ii) The second stage comprises detailed field inspec-
tions =and airphoto annotation, of all key areas.
Trial pits are required to provide sufficient in-

formagtion for full interpretation and annotation.



18.

The selection of the positions of these holes, is
therefore important, and should be intelligently
determined from field inspections, snd from changes
in the airphoto pafterns. Hbles should be sunk to
residual soil or bedrock level, and a descriptioh
of the profiles fully recorded in a field note book.
These desériptions are then shoftened, symbolized,
and reccrded on the back of the field-set sirphoto
adjacent to a.pin prick marking the exact position
of the hole. In the process of obtaining this in-
formation, a preliminery legend is‘pfepared, which
should be fairly detsiled, including rather too many
than too few mapping units. The mapping units may
be either composite soil profileé from surface to
bedrock, or individual soil or rock types. The se-
lection of the mapping units should take into consi-
ot deration, (a) the propesed scale of the msp, whichA
fixes minimum unit sizes that can conveniently be
shown, (b) whether or not the unit is identifiable
as such on the stereo model and, (c) the practical
requirements of the project. This preliminary
legend may have to beAaltered or modified, as addi-
tional information is obtained during the course of

the mabping.

(iii) The final step is the annotation of the photos for
the whole area by analogy‘with the correlation ob-
tained in the key areas betwesn airphoto indiéator
and soil profile. At this stage it should be pos-
sible to confine the field work to systemstic visgal

checks on the photo interpretation.

2.4.16. The process just outlined is a simplificetion of what usually
happens in practice. On most mapping projects undertaken by airphoto
interpretation, areas are encountered where the indicators are poor,
or where the parent rock has no physical expression at ail, due to
alluvium and/or some other superficial deposit having effectively
obliterated all surface signs (3.4.2, 3.5.3, 3.6.2 to 3.6.3, 37.2.

to 3.7.4, and 3a8.2).' The gaps left after direct annotafion of the
airphotés, have to be filled in by tedious field work and an intimate
knowledge of the probable sequeéence of events which have resulted in
the present day conditions. Where thick surface deposits are exten-

sive, lines of demarcation between the underlying parent rock formgtions,
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have to be established by boring Sufficieht holes in a series of sac~
tions 2t right angles to the probable direction of contact. In South
West Africa such areas are not uncommon, and surface deposits achieving
depths'of 20 feet or more, are far from rare. A heavy-duty auger thus
becomes a necessary requisite for the application of this procedure,

which naturally adds appreciably to the expense of the mapping.

2.4.17., From the foregoing, it will readily be appreciated that the
complexity of soil engineering mapping, in common with other allied(
forms of mapping, necessitates. the services of =2 gualified and skilled
geologist, who in addition, must also be an expert photo interpreter

if airphoto interpretation is to be applied.

2.4.18, Presentation: The soil engineering map is finally compiled

from the annotated photographs, by normal photogrammetric methods. To
ensure sufficient éccuracy for this purpose, four co~ordinated control
points per annotated photo are often necessary. The exact number will
depend on the angle of skew of the flight line; and hence the total
number of photographs used per flight strip. Apart from the signifi-
cqnt‘geological boundaries, and those of their superficisl surface de-
rivatives, the map should also show cadastral boundaries, all classes
of roads ihcluding farm roads, railways, farm houses, boreholes; dams,
the position of all profile holes, dfainage channels, areas of slope
instability, seepage zones, and any other details that may be of ulti~

mate assistance to the road project.

2.4+19. The scale of the map should be chosen with care for each per-
ticular project, bearing in mind, amongst other factors, the following
pertinent points; (i) the pattern of the demarcation lines, (ii) the
total amount of information to be rzcorded on the map, and (iii) the
number and size of small isolated occurrences which should be shown.
In regard to the latter,; these can be illustrated larger than true
size where only occasional small patches are involved. This will per
mit 4 smaller scale to be used than would ‘otherwise have been necesS—
sary. However; there is a tendency to choose the scale of the map fo
comply with a predetermined size and an optimum number of sheets,; pri-
marily for the sake of convenience in handling. If the scale thus
chosen is téo small, it will lead either to the quantity of essential
detail obscuring the map and making it difficult to interpret; or al-
ternatively, to essential det2il being omitted for the sake of clarity.
This should obviously be avoided at all costs, as it detracts from the
ultimate value of the map. To date most soil engineering maps produ-
ced from airphotoe in Southern Africa, have involved a reduction of

scale from that of the aerial photography, scales having ranged from
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1 in 3%0,000 to 1 in 50,000C.

244420, Basic geological data, such gs solid bedrock formations, are
depicted in colour on the map. The overlying soil p;ofile is indicated
by means of various standard hatchings. In addition the soil prbfile
is given in symbols in egch delineated area. TFor example, the formula
P/Sisd/M rafers to a soil profile consisting of scattered pebbles on thef
surface, overlying silty sand, which in its turn overlies mudstone.bed-

rock, probably in a weathered condition on the top.

2.4.21. Bach map is accompanied by a report giving details of mapping
units and the indications by which they were identified on the airphotos.
The quality of the materials available, as judged from the recordings of
the detailed so0il profiles, possibly substantiated by an occasional test
result, are ingluded, together with suggestions for possible use of ma-
terials in construction. . This information can help with planniﬁg the
prospecting, and also with any centre-:line soil survey which may possibly

be necessary.
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3.1.6. Within area A in Stereogram 1, which shows the road nea? Brak-
water, a good natural basecourse gravel has recently been located (see
Test Result Sheet 1 and Photo 4). . Area B contains similar gravel, as
yet untested due to the présent lack of aemand. In fact, suitable
natural gravel is plentiful in the vicinity of area B, and ektending

downstream.

3+1.7. Areas A in Stereogram 2 show where the 15,000 cubic yards of
basecourse quality quartz gravel was obtained for the road to Kapps
Farm (see Test Result Sheet 2). The centre line of the new bitumen
surfaced road over this section, is élose to that of the 0ld road which
can be seen in this Sterecogram. In Stereogram 3, A shows yet another
place where subbvase quality gravel was located by normsl prosbecting
methods at such a late stage of the construction, that it wes not
possible to plan the most economic usage of the source (see Test Re-

sult Sheet 3).

3.1.8. In Stereogram 4, A is the site where 20,000 cubic-yards of
basecourse quality gravel was located after this particular section of
the road between Windhoek and Aris, had slready been opened to traffic
(sge Test Result'Sheets 4 and 4 A). B is another similar area, which
fortuhately was located in time to be used in the basecourse. A and B
in Sterquram 5, are the localities'from which most of the lime~stabi-
lized subbase gravel was derived. The test results of the natural
gravel were similar to those recorded on Test Result Shset 5. These
are the test results of a workable depth of plastic gravel, from =

locality indicated by the arrow B in Stereogram 3 (3.1.10).

3.1.9. A brief geological description of the Windhoek region is neces-
sary to indicate the basis for airphoto interpretation of good quality
road building quartz gravels. The region, which enjoys an average
annual rainfall of about 14.5 inches (370Amm.), consigts mainly of
mica-Schists and quartzités ffom the Khomas Series of the Damara Sys-
tem. Within these formations, veins and lenses of quartz occur. It

- 1s generally accepted that this quartz was developed during the metamor-
phic processes which resulted in the formation of the mics~schists and
quartzites, and was not an igneous intrusion. This quartz, being more
durablé than either the mica~schists or the gquartzites, has weathered
ét a considerably slower rate, thus forming residual and transported
quarti gravel sources,; which, in varying thicknesses, cover practically
the whole surface area. The soileines portion of these gravel dccur—
rences,; fluctuates considerably iﬂiplasticity. Most of the soil fines,
whether plastic or not, are deri&at&ves of the predominant mica-schist

formations. The fluctuation in their plasticity is caused primarily
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will illustrate thes degree of difference which can be'expected in
texture of vegetation (see Stereogramsl to 5 and Test Result Sheets
1 to 5). It is stressed that the vegetation is not of a different
type,y, but varies on1§ slightly in size and intensity of growth. Such
variations are sometimes difficult to distinguish from the ground,
where the view may be limited (compare Photes 4 and 5). They can
thﬁs easily be missed by normsl prospecting methods, even when the

terrain has been adequately covered.

3.1412. The transported material in flood plain areas of drainage
channels, often provides more favourable conditions for growth, than
even those of the good quality gravel occurrences described above.
Such‘areas also- contain larger trees and more intensive growth than

that of the surrounding terrain. The material in these flood plains,
however,’is usually too finely graded to too great a depth, to make the
“working of a possible coarser gravel layer underneath, an economi¢ pro-

. position. Due to their topbgraphical location, such areas can easily
be spotted on the airphotos, and immediately discarded as possibiesmuroes

of high gquality natural gravel.

3.1.13 Other areas which result in a similar textural sppearance on

the airphotos, cannot’ be discarded without a field check. The dotted
areas B in Stereogram 2, are m case in point. These areas are actually
densely covered with a small scrub bush, and contain no large acacis

trees as do the adjacent areas A, which demarcate good sources of gra-

vel. The thick scrub bush cover has formed over the surface contact

between mica-schist and quartzite formations.

3.1.14. {b) South of Kalkrand: {refer to Figs. 1, 2 and 4): on the

contract between Kalkrand and Mariental, preliminary investigations
indicated that it would be neéessary to crush calcrete, or calcrete
conglomerate, for an appreciable length of the basecourse layer. The
contract was based on this information and only a nominal gquantity
of natural gravel for basecourse was édded to the bill of guantities,
in order %o obtain a price. The contractors priced without giving ‘
sérious consideration to this latter item, which was naturally assumed
to be relatively unimportant. Some months after the contract began,
and after the first calcrete had already been crushed, the Resident
Engineer's staff located extensive quartz gravel deposits, which
occur from Kalkrand southwards for a distance of gpproximately 14
miles,; but only on the western side of the dotted line X -~ Y (see
Figure 4). ~ This gravel was found to be suitable for use in the
basecourse layer, either as stock-piled, or after Yhe addition of

a small percentage of non-plastic dune sand. It was eventuamlly
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used in the base for approximately 27 miles, which was more than half

the contract distance. It was also used for many miles in the subbase
layer.
3,1,15, Had the contract documents reflected the true significance

of this gravel, then the priéing of the bill of guantities would in
all probability have been affected appreciably and might even have led
to the contract being awarded to a different firm. A5 1t was, the
suocessfﬁl tenderer had underpriced the small quantity shown against
this item. The much larger amount of approximateiy 40,000 cubic
yards, eventually used in the basecourse, was instrumental in putting
this firm under judicial management, and conse@uently causing both the
Consultant and the Administration anxiety, as to whethsr or not the
contract would be completed. The completion date was in any case de-
layed, due, amongst other things, to the dislocation of construction

activities caused by the late discovery of these deposits.,

3.1.16, The lack of full information. in the planning phase, prbbably
affected the location of the road as well. At this stage a route run-
ning ¥West of Kalkrand was seriously Considered, and would almost cer-
tainly have been adopted, had the full facts been availsble (see Stereo-
gram 6). The route could then have continued along the eastern boundary
of the quartz gravel deposits, thus resulting in an appreciable saving
on haul distance, especially over a six mile length of road, where the
dead haul, which varied between 1 and 1% miles, could have been reduced
to practically zero. The difference in length between the two routes
is negligible.

3¢1.17. . The basis on which airphoto interpretation could have bhegen
used to advantage 1in this case, will be more readily followed after
consideration of the general geology of the area. Contemporarily
this region receives an average annual rainfall of about 8.5 inches.

It is a marginal area of the Tertiary Kalahari System, from which the
sand has been removed by erosion, exposing surface limestones and quartz
pebble gravels.: The quartz pebbles are rounded, and were obviously de-
posited during an earlier wet period. Percolating celcium carbonate
solutidns have subsequently coated these pebbles at many localities, to
form calcrete conglomerates. Where quartz gravel deposits of three

- foot or more in thickness occur, these have tended to protect the un-—
derlying Stormberg basalts or lava (Karroo System) from erosion, and

wegathering has been most severe where the pebble covering was either

thin or non-existent. The good deposits of low plasticity are, there-
fore, generally to be found on high ground or capping ridges. Quartz

gravel has naturally also collected in the low "swallow-hole" areas,
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which form the typical internal drainage pattern of this type of sur-
face limestone occurrence (see Stereogram 7). However, the gravel in -
these "swallow-holes" tends to be variable in layer thickness and con-
tains plastic fines often in relatively high percentages, which have

accumulated in the low spots through>a process of downward leaching.

5.1.18. In Stereogram 6, the position of a large gquartz gravel de=-
posit due West of Kalkrand is indicated by arrow A. The approximate
boundaries of this deposit can beg demarcated on the airphotos from g
slight change of tone, caused by the preponderance of surface guartz
pebbles within the borrow pit arca. The indicator is not very well
defined; and 1t is stressed that ths marked boundaries are approxi-
mate rather than exact. The tonal change can possibly be noticed
best under a small magnification stereoscope which provides a reason-
ably wide areal view. In Stereogram 7, the locality of a long quartz
gravel deposit, in which four separate borrow pits were established,
is indicated by a dotted line, following the watershed of a prominent
ridge, from which a distinctive local parallel drainage pattern has
developed. This pattern is in marked contrast to the general calcrete
swallow-hole pattern of internal drainage, and is glso in marked con-
trast to an adjacent local sub-dentritic dfainage pattern, which has
formed in the basalt underlying a relatively thin layer of calcrete.
Once the exact position of a portion of this deposit had been fixed
in the airphotos, it was possible to indicate the northern and southern
extremities of the socurce from the watershed of the parallel drainage
pattern. Indicators for exact eastern and western boundary demarca-
tion of the relatively narrow deposit, are not definitely distinguish=-
able. It is possible that a larger scale of photography might have
shown some change of tone and/or texture,; making more exact demarca-

tion possible (4.4.1).

5.1.19.  Since most of the quartz gravel deposits are, to a greater

or lesser extent, impregnated with calcrete, they have tended to lose
their individuality, and, as far as airphoto indications are concerned,
have in effebt become part and parcel of the surface limestone forma-
tion. In general, such surface limestones have proved to be the most
difficult of formations, in which to achieve results of the high degree
of dependability, which can normally be expected from the use of photo
interpretation as a direct aid to prospecting (4.5.2). Despite this
difficulty, there are still sufficient airphoto clues; as 1llustrated
above, to have ensured the discovery of the true materials position in
the planning phase of the project, had fhertechnique described in sec-

tion 3.2 been applied. As it was, the preliminary investigations did
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bring to light small deposits of quartz gravel, but, without the aid
of airphotos, these were thought to be only isolated pockets of no
practical importance, and their true significance was missed, with
the unsatisfactory consequences already described.

3.1.20 Airphoto interpretation introduced: Incidents such as those

recorded above, must obviously be avoided. If this is to be achie-
ved using conventibnal methods of prospecting, theﬂ large teams heagn
ed by trained technical personnel, will be necessary for most projects,
so as to ensure that the field work is completed within a reasonable
time. Technical personnel, however, generally in short supply, are
at a premium in South West Africa, and are certainly’not available in
the numbers that would be required for the more difficult projects.
Alrphoto interpretation, using two distinctly different apprcaches,
was introduced as an aid to materiszls investigations for road pro-

jects, in an attempt to solve these difficulties (4.1.1 to 4.1.2).

3.2, THE TECHNIQUE OF USING AIRPHOTO INTERPRETATION AS AN AID
TO ROUTE LOCATION AND DETAILED PROSPECTING. \

3.2.1. Basic concept: The technigue of using airphoto interpretation

as an aid to route location and detailed prospecting, has been developed
in South West Africa to overcome the difficulties caused by the environ-
mental conditions and to fulfill the needs of the following basic con-
cept, which concept holds true for conditions over much of South West

Africa (3.1.2) &

ds a road is built entirely out of materiais, it follows
that the theoretical minimum possible cost of construction
is governed by the most econcmic usage of the materials
supplied by nature, whether these be processed or not.
The primary objective of the materials investigation
should alwzys be to establish this criterium as closely

as possible, and not merely to arrive at a satisfactory
solution. The cheapest materials solution is often go-
;erned in its turn by the availability of low-cost subbase
and basecourse sources. This quéstion is of much more
importance, than attempting to estimate the cover re-
guired by the in situ materiai throughout the length
‘of the road (i.e. centre line so0il surveys). This 1is
especially true in flat terrain, whefe drainage condi-
tions in any case often dictate an imported cover of 18

inches or more, and a centre line soil survey for design
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purposes becomes unnecessary. In other cases, an
increase of s few inches in the cover requirements
supplied from cheap sources, would not influence the
total cost of the work as much as the use of expen-
sive subbase and basecourse materials, with perhaps
a slightly smaller overall cover (téxts of sections

3.3 to 3.8 inclusive).

3.2.2. Adaptability : Before describing the general operational

technigue of using airphotos and mirphoto interpretation,; as an aid

to extablishing the most economic routs and zlsc ss an aid to detail-
ed prospecting along the chosen location, it is stressed thaf the best
sequence of operations may often vary from job to job, depending on lo-
cal conditions and special requirsments. Thusy; the technigue must
remain adaptable if full benefit is to be derived from airphoto inter-

pretation.

3.2.3. Route location ;3 Where topographical, drainage, military, or

other local considerations do not dictats a particular location between
two fixed points, the distribution of low-cost subbase and basecourse
materials will be the deciding factor in the final location of the route
(3.2.1). This is by no means an uncommon occurrence in South West
Africa; and such conditions necessitate a preliminary materials ap-
praisal of a wide strip of country effectively covering the area of
possible location (3.3.1, 3.5.6 to 3.5.10, 3.7.15, 3.8.4 to 3.8.7).
Speed is often essential, as detailed work on the project must be
delayed until a decision on the location has been reached. it is
here that the airphotos are of inestimable value. The technique in
this case, is to note all prominent features on the girphotos, and
then field check at least two or three different localities for each
similer type of feature. any likely sources of basc or subbase ma=-
terial should be noted, and if time allows, sampled for laboratory
testing. With practice and the application of ones local knowledge,
the potential of large areas of country can be appraised quickly and
fairly reliably, thus enabling a decision on the most economic loca-

tion to be made with a reasonable amount of confidence.

3.2.4, Detailed prospecting : After the location has been determined

the detailed prospecting is undertaken, A 6 mile wide strip of coun-
try; that is approximately 3 miles on each side of the centre line, is
investigated initially. Detailed stersoscopic study of the airphotos
should now become a daily routine. Prom thesc studies the long term
and the day-to-day work of the prospecting operations, can be systema-

tically planned. Experience has shown that the airphotos can be
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studied to the best advantage under good artificial lighting in the
evenings, when the following day's work can also be planned. If
this practice 1s Tollowed, 2 surprisingly short time is required to

galn a reslly intimate knowledge of the area being investigated.

3.2.5. DProspecting for sﬁbbase borrow pits at economic haulage dis-
tances is normally the first step. This usually amounts to sampling
all likely sources close to the centre line and at approximately 5 to

6 mile intervals, and to locating the exact sampling points 41 the air-
photos. Provided the sources sampled display distinctive physical
characteristics, their boundéries can be demgrcated accurately on the
airphotos (2.4.2). ~ After the test results become available, the road
building potential of these sources and, by interpolstion, of similar
sources within the full ares embraced by the 6 mile wide strip, can

be gauged with a reasonable degree of reliability. This has been

put to the test by sampling gravel from the samc genceral feathre,but

at different localities and also by sampling gravel from a similar
feature but in a differsnt area. Test results gener=lly have been
surprisingly consistent (3.5.9, 3.5.14, 3.5.16, as well as other exam-
ples in the texts of Chapter 3). Formations which obviously hold out
no prospects, can now be completely avoided, and the prospecting effort
concentrated in the more likely areas. In other words, it is now pos-
. 8ible to plan the prospecting operations withia good degree of certainty
that the borrow pits éampled will give the most gconomic usage of the

local materials.

3.,2.6. In the next stage the prospecting operations develop largely
into a routine process of borrow pit sampling, which can be speeded up
considerably by increasing the fiesld party, provided the laboratory
facilities are available for handling and storing large numbsrs of
samples. The exact positions of all bass, subbase, and shoulder
borrow pits sampled, should still be markedvon the airphotos. This
information is needed for the annotation of the mossics and later, for
the detailed planning of the use of borrow pits, and for the prepars-
tion of locality diagrams for those horrow pits situated at some dis-
tance from the centre line. 0On projects where this latter number ié
appreciable, the airphotos can be very useful, as accurate locality
digagrams can be traced from them in a matter of minutes. If this
technique is followed, the chance of missing any significant deposit
within the 6 mile wide strip is considerably reduced and, after prac-

tice, becomes negligible..

3.2.7. The use of mosaicss Mosaics bf the whole region to be Inves-

tigated, should be prepared at the outset and should then be used in
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conjunqtion with the stereopzirs. In flat terrain unrectified mosaics
will serve adequately for this purpose. Genersl information, such as
the position of farm boundaries, camp fences,; =nd water poinfs etc.,
can conveniently be added to the mosaics which can then serve as a
base map for the planning of the owomll field operations. The exact
position of sampled borrow pits must be copied on the mosaics from
the stereopairs, and the deposits which these represent, should then
be delineated. Significant occurrences will be readily apparenﬁ from
the test results, and by analogy with their airphoto indicators, it
will be poséible to demarcate other similar 1ikely sources. On com=
pletion of the annotation in this fashion, the materials position will
be available in a form which can be seen and appreciated at a glance;
and if a centre lince soil éurvey is necessary, this can be intelligent-

ly and economically planned from these annotated mosaics.

3,2.8. Personnel : No additional personnei over and above those nor-
mally used in materials investigations,; are required for the application
of this technique. However, either the person in charge of the field
operations,; or the énginecr directing the work in general, but prefer-

ably both, should possess the following attributes :

(i) .be observant and inquisitive;

(ii)» have undergone training in airphoto inter-
pretation;

(iii) have had many hours of practice in the use
of stereoscopes;

(iv) have a basic knowledge of geology; and,

(Q) be an expert in the materials field of rural
road engineering. In this regard familiarity
with materials specifications and the ability
to relate construction practices to the work-
ability of prospective sources, 1s ﬁarticularly
important.

3.2.9. Egquipment : Items (i) and (ii) below, are cssentizl additions
to the equipment normally used for prospecting, while item (iii) may
be very useful under certain circu%stances:

(i) A large stereoscope is required for detailed study
and annotation of the airphotos in the office. While
annotating a stereopéir, movement of the stereoscope-
itself is obviously undesirable. The stercoscope
should thersfore, either be capable of scanning the
full overlap, or the table on which the airphotos

are placed'for examination, should be fitted with
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some mechanism, such as runners, to allow free
movement along directions both parallel 2nd ver-
tical to the line of flight, thus enabling sll
parts of the overlap to be studied and annbtated
under one set-up. A further essential require-
ment of the StereOSCOp; is that it should incor-
porate magnifications of the order of lé-and 4,

so that wide coverage on a small scale and small
coverage but ong larger scale, are both readily avail-
able. The relative use made of the raspective
magnifications for any particular job, will depend
on a variety of factors, but especially on the scale
of the photos and the nature of the significsnt road

building matcrials.

4 field stereo-set is zlso necessary and should con-
sist of a pocket stereoscope with magnetic feet, and
a light metal table capable of taking one stereopair
of photos. The photos are kept in position on the
metal table by 6 small maghnets. The set can easily
be handled in a vehicle, and is required for stereo-~
scopic studying of the terrain on the spot, and for
ensuring that the exact location of each relevant sam-
pling point or borrow pit site is correctly marked on
the airphotos. v

A pair of sterco-spectacles can be substituted
for the pocket stercoscope. However,-experience‘has
shown that these¢ have one or two serious disadvantages
for this type of work. One's head is inclined to move
out of focus very.easily when scanning the stercopair.
This results in an undue strain being placed on the
operator's eyes. As long hours of stereoscopic work

are necessary, this is regsrded 25 a serious disadvan-

tage. Sufficient practice in the use of the spectacles

might however, go 2 long way to eliminsting this comF
plaint. In flat busHveld country another disadvantage
of the particular pair used, was the small vertical exag-
geration. This made it more difficult to distinguish
slight depression$ and rises, which are’ often signifi-
cant from a materials point of view. 1In hilly country,
of course, the small vertical exaggeration woula not

necessarily be detrimental, and might even prove to be
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an advantage in certain cases.

(iii) Various hand augers are often useful, especially
where sand of variable thickness covers suitable
gravel. - The augers can be used to establish
quickly areas of minimum sand cover, as well as
those where the sand layer is uneconomiCally
thick. The digging of unnecessary holes can
thus be avoidad, resulting in sn appreciable
saving of time and labour. Under extremely
dry conditions, such as those prevailing in
most parts of South West Africa, successful
augering in sand, silts, or clays, requires
the regular addition of smzll quantities of
water. Theege sugers have other limitations
as well,; and local experience 1s the best guide
as to whether or not benefit will accrue from

their use on any particular project.

3.%.  SEEIS - OMITARA

3.3.1, Terms of reference ﬁ The location of the Trunk Road over a

distance of approximately 27 miles between Seeis and Omitara, revolved
round the selection of one of two main possiblities, designated re-
spectively as the Northern and Southern Routes. The Northern pos-
sibility follows more or less the existing road, whils the Southern
Route runs along the boundary fences between the farms Bodenhausen
191 and Excelsior 286, Okstumba Sid B and A (192 and 197 respectively)
and Muambo 130, to a point on the boundary fence betweén Silversands
and Safari.l1l29. From this point the route runs approximately north-
east, traversing the fsrms Silverssnds and Orumbo 198, and then running
immediately South of the mountains on Qtjivero 202, <finally to cut
across Omitara West 203, and join the existing road and Northern Route

on the farm De Hoop 110 (see Figs., 1 and 5). This location is about

s

15 miles shorter than that of the Northern possibility. This fact, in
conjunction with the drainage and other considerations, made the selec~
tion of the latter Route an uneconomic proposition, unless the cost of
the road building materials was to be appreciably less than that of the
Southern Route. A materials appraisal of a strip of country effective-~
1y covering the significant area along both Routes, was therefore under-
taken. The ared of country involved was of the order of 150 to 200 |

square miles extent.
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%3,%,2, Geology : The region under consideration forms part of the
Damara System. The annual average rainfsll and significant geolo-
gical occurrences arg similar to those described for the Windhoek
area (refsr to 3.1.9 and Fig. 2), In this region however, szand
depositéd during flood periods often blankets both gravel sources
and basic genlogical formations. This is especially true of the

area adjacent to the Southern Route.

3.%.3. Topography and vegetational cover : The terrain is mainly

flat, but does contain occamional hills and undulations (see Stereo-
grams 8, 9 and 10). 1In the eastern section, the Southern Route skirts

a quartzitic mountain range, which then runs in a general north-easterly
direction out of region investigated (see Fig. 5). The whole area is
covered by stunted acacia trees and, in certain loczlitiss by scrub
bush as well. In places where thick sand occurs, yellow wood (Termi-
nalia Sericea) and larger acacila trees may be found. After réin the
grass forms a thick carpet on the otherwise bare ground betwesn the

trees and bushes.

%3.3.4. Appraisal, both Routes: The general technique adopted for this

type of appraisal has bsen described in paragraph 3.2.3. - Using this
approach, an abundance of‘good quality road building material was found
to exist along both Routes (see Test Result Sheet 6 and Fig. 5). ?he
most significant deposits usually occur on high ground and straddle many,
but not all, of the hills. They consist of quartz gravels, which occur
in.large quantities in layers from 1B inches to 3 feet thick, and are
often exposed, or found under a thin layer of sand only. Deposits lower
don the slopes and on the flats, generally undérlie»a thicker sand
cover, and tend to cccur in relatively thin layers containing markedly
moré—plastié,fines} dug to the process of downward leaching. On ac~
count of the abundance of readily available high quality gravel along
the Southern Route, this location became the obvious financial selec~

tion, and was hence recommended feor final approval (%.3.1).

3.%3.5. Photo interpretation: Stercogram 8 (stereotriplet actually)

shows where gravel samples were taken from holes A, B, C, D, and E
along the Southern Route (see Test Resuit Sheet 6 and’Fig. 5). The
boundaries of the sources sampled were demarcated from their topo-
sraphic position, texture of vegetation, and lighter tone generally
but not always, cexhibited by the less plastic gravels (3.1.11). This
change in tone 1is illustrated by the respective positions of the holes
B, Cy, and D and the corresponding sample test results, which show the
tendency of the plasticity to increase on the lower reaches. The

dotted areas were marked by analogy with those wmctually sampled, and
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a few of the former, which were field checked, were found to confain
visually similar quartz gravel. ©No attempt has been made to demarcate
all likely sources, due to the wide-spread nature of the gravel occur-
rences. Holes P and G in Stereogram 9 (stereotriplet) are two furthrer
localities sampled along the Southern Route. The deposit represented by
P, is primarily identifiable in the airphotos from its relief and tex-
ture of vegetation, while that represented by G is similar to some of
the sources demarcated in Stereogram 8, although it is not quite so
well definedqd. Test results of samples from hole G illustrate again
the tendency to downward leaching of plastic fines, resulting in an
increase in the Plasticity Index with depth. 4 few areas where simi-
lar gravel deposits can be expected, have been demarcated with dotted
lines. Stersogram 10 (stereotriplet) shows 2 section of the‘proposed
Northern Route along the existing road and adjacent to the Nossob River.
Test results of samples from hole K and the airphoto indicators of the
encompassing demarcated soﬁroe, illustrate the similarity of the gravel
occurrerces aléng both Routes. Dotted areas again indicgte some of

the other possible gravel sSources.

‘3.3.6. Time factor: Using the technique developed and the experience
gained under similar environmental conditions in the Windhoek area, a
period of two days was all that was required for the field identifica-~
tion of-significant airphoto variafions; and for the sampling of typi-
cal potential road building gravels (3.2.3%, and 3.1.4 to 3.1.1%).
After the teét results became available, it was possible to annotate

a mosaic showing both Routes,; with detaileé materigls information
"similar to that shown in Stereograms 8, 9 and 10. This information
was available within a relatively short time, to those responsible for
the final decision on the location of the route. Had conventional
methods been used, a much longer period of field work would have been
necessary to accumulate the same amount of information with an equi-

valent degree. of reliability.

3.4, KLEIN OMATAKOS - SUKSES

3.4.1. Introduction: The initial investigations and planning of the

road from Okahandja to Sukses, a distance of 66.5 miles, was undertaken
by a firm of consulting sngineers (see Fig. %). For the last 15.5
miles, that is from the XKlein Omatako Mountains to Sukses, the Consul-
tants recommended, (a) that shoulder material be transportedvfor a
distance of up to 13.5 miles and, (b) that fhe basecourse be cither

constructed from crushed natural gravel for the full distance, which
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recommgpdation would have involved leads of up to 15.5 miles; or
"alternatively,. that the crushed natural gravel be used for approxi-
mately 9 miles, followed by 6.5 miles of experimental base constructed
from lime- and/or bitumen-stabilized sands (see Fig. 6}. These propo-
gals would have resulted in an expensive road and were not immediately
acceptable to the Administration. The Consultants were not prepared
to carry out any further work, being convinced that they had already
recommended the best financial solution under the circumstances. The
Roads Branch of the #dministration thus undertook a materials appraisal
of the area, using the method of prospecting developed from the aid of

airphoto interpretation (3.2.4 to 3.2.6).

32.4.2, Environmental conditions (refer to Fig. 6) : The Omatako and

Klein Omatako Mountains, situated in the extreme South of the area un-
der consideration, are formed of shales and‘sandstones from the Storm-
berg Series of the Karroo System, and of intrusive dolerite, usually
in sheet form. They owe their pressent day existence gas mountains to

a concentration of this dolerite, which has proved more westher resis-
tant than either the shales or the séndstones, and has tended to protect
these latter formations. The foothills are littered with.boulders and
pebbles cof guartzitic and sandstone origin, deposited around the same
period. To the North, the sandstones and shales have weathered con-
siderably faster, and have subsequently been covered by thick sand to
form a very flat topography. Auger holes were sunk to 20 feet and
more at various places over a wide area in this plain, without encoun-
tering rock formations. Immediatély South of Sukses the basic geology
chaﬁges to that of the Damara System, but there is no corresponding
change in the flat nature of the topography (3.5.2. to 3.5.54) The
depth of the sand cover, however, 1s considerably reduced, and is often
as little as 5 to 6 feet. Surface limestones have formed in this aresa,
as well as in the viéinity of the Klein Omataeko Mountains; but in the
infermediate area no such deposits occﬁr, due in psrt no doubt, to the
extremely thick sand cover which is not so conducive to the development
of célcretes. The area is traversed by three rivers, the Omurambb
Omatako, the Ebuameno River, and the Sukées Omurambo, which flow in a
general easterly direction. The annual average rainfall is of the '
~order of 360 mm. (14.1 inches), and after rain, the whole area is co=-
vered by thick grass in addition to the permanently- established acacia
trees (see Pig. 2). ‘Scrub bush is encountered in isglated localities

and is often associated with surface limestone occurrences.

3.4,3, Shoulder material: Specifications for shoulder material are

not particularly exsacting, and can usually be met from reasonsbly
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spaced local sources. Hence as a first step, it was considered
essential to reduce to reasonable proportions, if possible, the

maximum lead resulting from the Consultants' proposals. Test

results of the surface limestones immediately South and West of

Sukses, quickly confirmed the Consultants' statement regarding its
general high plasticity and inferior quality. Prospeeting effort

was thus concentrated on the eastern side of the new centre line,

where the limestones appeared to be of better quality. A suitable

surface limestone deposited, designated borrow pit 64.5, was loca~

ted in the position indicated in Stereogram 11 (see Test Result Sheet

7)¢ A close stereoscopic study of the airphotos, shows that the
boundaries of the deposit can be delineated easily from a marked dif-
ference in the texture of vegetation. Small scrub bushes cover the

area of the limestone occurrence, while the encompassing terrain is
covered by the usual acacia trees. This difference is readily de-
tectable on the ground as well, but under the conditions prevailing,

the chances of locating so small a'debosit at such a distance from

the centre line by normal ground prospecting methods, are remote. A
second limestone deposit of similar quality was located about 6 miles
further South, and 1% miles West of the centre line (see Test Result
Sheet 8).. This deposit and adjacent likely sources were demarcated

on the airphotos by direct analogy with a calcrete deposit already.
located by the Consultants. The airphoto indicators are a slightly
raised topography and a lighter grey tone (see Stereograms 12 and 13)
Airphoto interpretation was further used in assessing that no suitable
deposit within 3 miles of the centre line, existed between these two
borrow pits; and due to the success previously achieved by this method,
this assessment was accepted as reflecting the true position (3.2.4 to
3.246)4

3.4.4. Basecourse: The basecourse in&estigation was started at the

Klein Omatakos, where the Consultants had recommended the use of crushed
natural quartzite gravels. Prospecting was aimed at trying to locate
some source which would lend itself to lime stabilization,ahd so provide
an alternative to crushing. Intensive work in the area confirmed that
nothing of significance had been missed. However,a dolerite dyke, or
sheet, of‘which the Consultants were unaware,was located with the aid of
the airphotos within 0.4 miles of the centre line. The main and subsidiary
exposures, are a mere 12 to 15 feet, and 3 feet wide, respectively. Their
individual positions are indicated in_Stereogram 14 by the tips of grrows
A and B (see Photos 6 and 7). The chief airpho%o indicator is undoubted-
ly the linear foru of the exposure, which, on account of its extreme nar-
rowness, is only readily discernible when viewed througzh 2 stereoscope or
lens of at least 2 four magnification. A differsnce in tone of materials

along bare sections, and a lack of growth where the adjoining country is









41.

(50 to 150 v.p.d),vit was decided to construct the. bascecourse from the
natural gravel, but to a sub-standard grading specification, snd in so
doing, keep costs to & minimum. The finsl basecourse plan accepted
and subsequently followed during constructicny, was to use the crushed
‘natural gravel from the ¥#lein Omatakos for anproximately half the dis-
tance recommended by the Consultants, followed by natural lateritio
gravel for the remaining 7% miles. Photo 8 shows some of this lateri-
tic gravel being stock-piled in borrow pit 68.2, in preparation for re-
moval to the road.

3.4,7. Conclusions: In an area previously prospected intensively by
normal methods,; airphotc interpretation was instrumental in achieving

the following major cost reductions (see Pig. 6)

(i) The maximum héul distance for shoulder material was
reduced from 13.5 to 7.0 miles.
(ii) The possible need bconstruct 6.5 miles of experimen-
tal lime- and/or bitumen~-stabilized sand base was
eliminated.
(iii) The maximum lead for basecourse gravel was raduced
from 16.5 to approximately 9.0 miles.
(iv) The difference in cost between the construction of
approximately 7.5 milas of basecourse with natural
lateritic gravel inétead of with crushed nntursl

quartzite gravel, was saved.

3.5 SUKSES - OTJ IWARCNGC

%3.5.1. Ihtroduction: This project embraced a full materisls investiga-

tion from an initial appraisal of the road building potentiml along a
possibls westaern route, to detailed prospecting along the route even-
‘tually selected (ses Pigs. 1 and 7). Due in general to the geology,
topography, and natural vegetation, the locetion of suitable road buil-
ding materials posed most of the problems referred to in section 3.1,
and 1t was in finding the most sconomic solutions to these difficult
conditions set by nature, that ths technique of using =zirphoto inter-
pretation as an aid to prospecting was developed (section 3.2).

3.5.2. Geology (refer to Fig. 7) : The basic, or solid, scology of this

region is formed from rocks of the Post-Damara Complex. Thase rocks were
formed by pressure and heat metamorphism from mica-schists, qusrtzites,
and limestones, from the Damara Syvstem. The mica-schists and quart-

zites were altered into granites by the process known as "granitization",
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and are folded in many places into the older crystalline limestone forma-
tions, which also underwsnt re-~crystallization during the metmmorphic
process. Granite is thes predominant formation with bands of crystalline
limestone, often interbedded with guartzites and granites, traversing

the aréa in approximately a north-easterly direction (seec Stereogram Zﬁ,
The hills are formed by one or other of these rock types, or by a mixture
of them 21l (see Fhotos 13 and 14 on page 52'), However, on the farms
Omusema~-Uarei and kahlenberg on the extreme westerly fringe of the region
‘investigated, a prominent mountain range formed of beds of sandstonesy
sandstone conglomerates, and shales, from the Stormberg Series of the
Karroo System, also occurs. These mountains played no direct part in
the road project, their closest point being well over 4 miles West of

the new centre line.

3.5.3. From Sukses northwards to the Okatsitei River, Tertiary deposits
of sand gnd gravel, generally from 6 to 8 feet thick; cover the basic .
granite and limestone formations. North of the Qkateitéi River these
deposits tend tc disappear, leaving the granite and limestone either
exposed, or covered by only 2 thin layer of residusl soil. Surface
limestone,-or calcrete as 1t is often termed, occurs throughout the

whole area, and often attains some considerable depth. Its most common

occurrences are 1in éheet, nodular, or powdery forms,.

3.5.4. West of the Sukses Omuramba old raised rivzr beds are a promi-
nent features. These show that the earlisr drainsge pattern was in the
opposite direction to that of the present drainsge system. This rever-
sal in direction was caused by upheavals in the vicinity, which generally
altered the relative levels of the tongraphy (see Stercogram 15, and
Fhoto 12 on page 50).

3.5.5. Topography and vegetational cover (refer to Fig. 7): The topo-

graphy from SUkses to the QOkateitel River is exoeptionally flat. North
of the Okateiteil River the country undulates and occasionel kills form
conspicuous features. The annual average rainf=11 in this region 'is
of the order of 450 mm. (18 inches}whidﬂms resulted in a dense vegeto-
tional coverage of either acacia or vellow wood (Terminalia Sericea)
treesy; or of scrub bush (sce Fig, 2; and Photos 1, 2 snd 11 on pages
21, 22 + 48 respectively). After rain the grass forms a thick carpet
to the otherwise bare ground betwesn the traes snd bushes (see Photo

3 on page 22).

3.5.6. Route location (refer to Pig. 7) : From Sukses to the farm

Slagveld, a distance of approximately § milss, the location of the
new road was determined mainly by drainage considerations =2nd con-

veniently situated farm boundaries, Howaver, from Slagveld northwards
= ,
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to about the Waterberg turn out, =2 distance of nearly 28 milzs, there
were three possible roufes9 which becgame known as the Western, the
Existing and the Zastern Routes. The Western Route was the most

direct and made maximum use of wateréheds. However, 1t cut directly
across farms creating water problems in many of the farmers' camps. .

The Route could only be justified if a large financial ssving would
result, and this depended to a great extent on whether or not the
materials position offered a sufficient advantage. The Existing

Routs generally followed the location of the old road, arcund which.

all the farms hsd bsen developed. It had the added advantsge of uti-
lizing the bridge over the Okateitel River. This did not result in

a particularly desirable geometric location at this point, but the Foute
was favoured as being the most economic solution under the circumstances.
The Eastern Route on the other hand, would necessitate the construction
of a new bridge over the Okateitel River, and would also involve the
sub-division of farm camps for approximately 10 miles between Slagveld
and the Ohakaua boundary fence. ‘ Por these reasons; this Route was

not considered seriously at this stage, but was mersly regarded ss a
possibility.

3.5.7. Before a choice between the Western and Existing Routes could

be made, a preliminary materials survey wss necessary along the Western
Route,; especizlly where this Route was an appreciabls distance West of
the old road. The critical distance involved, was about 18 miles. With
the aid of the airphotos, 1t was quickly established that no n-~tursl high
quality gravels are available =2long this section, and crushing of crystal-
line limestones or quartzites would have been necesssry. These rock for-
mations are equally available along the Existing Route, which in conse-~

gquence became the obvious selection.

3.5.8. Re-location, Eastern Route: Prospecting now started along the

Existing Route.‘ One of the first borrow pits sampled (R.P. 75.5) is
about three-~guarters of a mile East of the centre line and on the farms
Somerkoms and Apostle. The gravel layer, consisting essentially of
quartz pebbles and decbmposed granite, 1s approximately 2 feet thick,
and Bccurs under a 3 to 4 ft. layer of sand. Test results showed the
gravel tn be of good subbase quality, a portion of the borrow pit even
being suitable for use in the base (see Test Result Sheets 10 and 10 A)..
There is very little surface éign to betray the presence of the gravel,
but the feature in which the borrow pit is located, is easily recogni-
sible on the airphotos. It forms a slight depression and is free of

tree and bush vegetation (see Stercogram 16 and Photo 9).
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that good quality road building material in virtually unlimited qUa?ti—
ties, was available East of the line X - Y, and North of the Apostle -
‘Somerkoms boundary fence for a distance of about 8 miles to the proxi-
mity of the Okateitei River (refer to Mosaic 1). Over much of this
length the centre line adopted coincided with that of the o0ld road,
and ran practically parallel to, but 1 to 2 miles West of, the X - Y
line. This represented a large amount of dead haul, and hence
considerable unproductive gxpense, whereas the discarded Eastern Route
lay wiﬁhin the area of good material over the whole length involved.
In view Qf this, the question of fe—location along the Eastern Route
received serious consideration, ard &ithout calling for further field
chécking, the decision was made to adopt this Route in its entirety.
It was estimated that the saving in transport costs would more than
pay for the new bridge ovef the Okateitel River, and that this in its

turn would result in a much improved geometric location (see Stereo-

gram 19).

3.5.11. Prospecting, base and subbase: Subsequent intensivé prospec-
ting along this section confirmed the original assessment. Prospective
natural base; lime-stabilized base, and natursl subbase gravels were
tested and proved in large quantities. The position of specifig borrow
pits established are indicated in Mosaic 1 (see also Fig; 7). Sterzo-
gram 18 is included for detailea stereoscopic sxamination of further
_typical examples of the mode of‘occurrencé of these deposits. It shows
in particular a source of quartzose 1ateriticvgrave1 (B.P. 79.0) situa~-
ted about half way_between the original features tested (See Test Result
Sheet 13). It will be noted from the borrow pit spacings that the
maximum lead for subbase material is under‘3 miles, and that the amount
of dead haul is negligible. These leads could have been decreased still

further if so desired.

3.5.12, Due to the vegetation and the'geological and topographical na-
ture of the country, weeke of arduous investigation .would have been re-
‘ Quired by established prospectingsmethods, in order to trace this gravel
aﬁd to\arrive at the true facts (3.5.2~to 3.5.5). It is also not un-
likely that the areal extent of the deposits Qould not have been appre-
clated, ms under comparable circumstances South»of Kalkrand (3.1. 14 to

3.,1.19).

3,5.13., South of the Apostle - Somerkoms bdrrow pit first sampled and
West of the centre line; numerous éimilar looking featurcs also occur
(sec Stereogfam 16). Strategicaily placed auger holzs showed the sand
cover in these to be invariable over 10 foot in thickness. ‘Some iso-

lated features East of, or straddling, the centre line however, wsre
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shape, some of thc low plasticity areas arc sufficiently large to be
workable in practice. ‘The boundaries of three such.aress in which
subbase borrow pits 86.2, 87.2;, and 87.9 were established, are demar-
cated in Stereogram 19 (see Test Result Sheets 15, 15 4, 15 B, 16 and
17).A The tips of arrows A and B indicate yet other unsampled but
prospective subbase sources, which have been left undelineated so as

to allow maximum clarity for the recognition‘of the airphote indica-
tors. One of the most obvious of these, is the concentration of large
thorn trees around the borders of the suitable areas. A slight depres-
sion relative to the adjacent terrain, accentuzated by stereoscopic exag-
geration, is also easily discernible. These depressions tend to impede

* local surface drainage, and this'probably accounts for their distinctly

darker grey tone. From the ground the depression is not readily no-
ticeable. On account of this, and perhaps even mors due to the irre-

gular shapes of these occurrences, the difference in the pattern of the
terrain is extremely difficult to detect by ground observation alone.

Photo 10 illustrates this as well as possible under the circumstances.

3.5.15. If‘conventionél methods had been used, and the possibility of

a variation in the materials had not been rcdognized, the normal smroach
would have been to grid a typical area with trial pits. Bither visual
examination of such holes,Aor visual examination confirmed by test re-
sults, would have indicated a wide variability in quality, which could

in all likelihood have led to the errdneous conclusion that worksble
subbése gravel was not available; The fact that two distinctlyvdif~
ferent materials, from a road building point of view, were the primary
cause of the apparent variation, mizht not have been appreciated. " Had
the project bean one of the few in which a soil engineering map had been
produced from airphotos, the whole area would correctly have been deli-
neated as "granite', and the arsas of low plasticity would have remained
undifferentiated with the probable ultiTate result being the same as that

of normal prospecting (section 2.4).

73,5,16, Closer to Otjiwarongo the predominant granite formation was
comprehensively tested during the materials appraiszl along the Westermn
Route. It was found to be generally of poor quality with the exception
of that occuring in contact with the bands of crystalline limestone,
which was often of subbase standard. Whan detailed prospscting acti-
vities along the Easfern Route reached this area, the'cr&stalline lime-
stone formations in.the proximity of the centre line were marked up on
the airphotos; and without furthsr loss of time in prospecting, granite
borrow pits were sampled at the most economic localities mlong these

contacts (sce subbase borrow pit spacings on Pig.7). This is illustrated
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3.5.17. Immediately South of Otjiwarongo no natural, or lime-stabi-
lized, basecourse quality gravels are availsble. The cfystaliine
limestone which is plentiful, is an essy material to crush, and would
normally have been the mosf suiteble proposition in this area. How ever,
during the materials investization between Otjiwarongo and Otjikango,
a large calcrete deposit, which proved suitable for use as either a
screened or lime-stabilized basecourse,; was located just North of
Otjiwarongo (3.6.11). It was considered cheaper to use this material
to £ill the gmp South of Otjiwarongo, desvite the long hauls of up to
13 miles which would be required, than to develop a crusher site in the
crystalline limestone for‘only a small guantity of gravel. This point
illustrates the importance of a wide coverage where natural, or cheagly

processed, basecourse materials may be available.

3.5.18. Prospecting, shoulders: The surface limestones are wide-spread

throughout the whole region, and hence were thoroughly tested in the
early stages of the investigation. They are generally of very inferior
quality,. the best proving suitable for shoulders only. For this reason
they were of 1little importance except near Sukses, where shoulder ma-
terial was hard to come by, due to the general high plasticity of the
surface limestones in this particular vicihity. The airphotos ware
sfudied with a view to 1océting possible better class deposits.  Two
slightly raised reef-type features in an otherwise exceptionally flat
landscape; were noticed, the nearest being about 1.3 miles due East of
the centre line, and 3 miles from Sukses (see Stereogram 21). These
features proved to consist of calcrete of better quality, and suitable
for use in the shoulders (see Test Result Sheets 20 and 21)., The chief

- alrphote indicators are, (ij the raised topography mentioned previously
and, (ii) a markedly lighter grey tone. The terrain encompassing these
features also consists primarily of calcrete; but of the inferior quality
generally found in this ares. These two deposits solved the shoulder-

material problem along this section.

3.5.19% Prospecting, surfacing materials: If suitable low-cost sand

proved to be available, a sand surface dressing was to be specified for

the surface treatment. The grading of the sand necessary for this type

of sﬁrfacing,limits the gquantity of material passing the 100 mesh screen
ﬁo not more than 2%, which requirement often makes suitable deposits hard
to find. © Fortunately in this regioﬁ many of the river and stream bed
sands are of granite origin, and it“was possible to select deposits with
suitable grading characteristics, without too mﬁch difficulty. In the
southern and central areas, the rivers mostylikely to yield satisfactory

results were the Sukses Omuramba snd the Okateiteil Ri#er. These were
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where the whip-off had become excessive. The grading limits specified
for the sand are critical, and must be met if the slurry seal is to be
successfully laid. The top 3 to 4 feet of sand in these o0ld river'beds,
screened thréugh a‘é inch mesh, wmeets these specifications, and proved
very useful in this particular case (See Fig. 8). This source may prove

of still greater importance if slurry seals are to be used for future

maintenance of the bitumen surface in the area.,

3.5.22.. The existence of these 0ld river beds was first discovered
during stereoscopic examination of the aifphotos, and was later con-
firmed by field inspection, and finally by the prdspecting holes refer-~
red to. The most important airphoto clue to the true nature of the
ocdurrence, is the drainage pattern, which is obviously‘that of a river
and accompanying tributary system. The boundaries of the beds themselves
can be delineated from their raised topography, and often from a concen-

tration of vegetation as well (see Stercogram 15 and Photo 12).

3.5.23. Alrphoto indicators, summary: The chief indicators used for

the recognition of the different formations and deposits, are summarized

below for easy reference:

N

(i) Surface limestone (calcrete): Generally the main in-

dicator is the relatively darker grey tone, which is
often caused by the indifferent drainage conditions pro-
vided by the material itself. A notable exception is
that of the relatively better quality calcrete nesr
Sukses (3.5.18). another important indicator is often \
the texture of vegetation imparteé by a predominant

scrub bush growth, which is usually found in areas of
shallow soil covering sheet or similar types of cal-
crete occurrences (3.4.3).

(ii) 01d river beds: See paragraph 3.5.22.

(iii) Tertiary gravel occurrences: See paragraph 3.5.8.

(iv) Granite: Being the primary formstion, granite was not
normally differentiated. Its indicators in regard
to reliefy, natural vegetation, and grey tone, are
naturally‘complementary to those'of the surféde and
crystalline limestones. However, the granite hills
or portion of hills, are distinguishable in the a&r-
photos from those formed by crystalline limestone,
from the indicators of slobe and texture of material;
Granite hills, or portions thersof, have a steep slope

and a rough surface texture caused by the numerous
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3.6, OTJIWAROKGO -  OTJIKANGO

3.6.1. Introduction: The location of the‘road between 0t jiwsrongo

and Otjikango, a distance of spproximately 24 miles, was fixed to
within narrow limits by the presence of the railwsy line, which fol-
lows farm boundaries close to the shortest possible route (see Figs.

1 and\9). The question did grise however, ss to whether to retain

the existing location West of the railway line, or to‘re*locate on

the eastern side. In considering this problem, the desirsbility of
minimizing the number of railway crossings required for the transport

of basecourse and subbase material, was an important factor. The
project therefore, initially necessitated a full materiaIS'appraisal

of a six mile wide strip of country with the railway line ss the appro-
ximate centre. After a decision on the exact location had been regched,
the problenm fesolved itself into éstablishing tHe most economic sources
of material for the construction of the road to bitumen surface standards

and to a 7,000 1lb. design wheel lozd.

3.6.2. Geology: The general geologiqal description of the country between
Sukses and Otjiwarongo, is also appiicable to this area (3.5.2 and 3.5.3)
However, North of Otjiwarongovcrystalline limestone forms‘all the hills
and mountains of any significancé, and is also the predominant geological
formation. Occurrences of grénité are occasional, and are limited in
~areal extent. Exposures of'quaftzites gre also rare, only two having
besn fohnd, one jﬁst North of Otjiwarongo, and the other a little over =
mile West of Otjikango. ‘A

3.6.3. The surface limestones, of calcretes,vare spread mubh widef than
in the region_between Sukses and Otjiwafongp,‘ and obliterate the basic
geological formations over large traéts of country. This is undoubtedly"
due to the predominance of the crystalline limestone formations, <from k
which calcium cafbonateAhas been carried in solution by rain water, to

be precipitated later into surface limestone. Two principal forms have
developed, and are referred to respectively as sheet and nodular calcrete.
The sheet célcrete usualiy occurs 1in the plains in a massive form undér-’
lying 2 to % feet of soil, and is exceedingly difficult to pick. The
nodular calcrete,wﬂich often contains lime-coated rock fragments, 1is

- found in both‘sloping ground and relatively flat terrain. Surface‘
limestones in boulder and in fine powdery forms, are also present, but

are a relative rarity. - 5,

3.6.4. Topography and vegetational cover (refer to Pig. 9): North of

Otjiwarongo, and for a distance of approximately 10 miles, the country

undulates gently with isolated crystalline limestone hilis forming
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prominent features on the eastern sids. The direction of the ﬁﬁin
drainage naturally follows‘the slope of this topography from Easf to
West. After this, and up tb about four miles from the end of the‘
section, the terrain traversed by the road is exceptionally flat, but
over the last 4 miles the country begins to undulate again. Crystalline
limestone hills and mountains appear two to three miles West‘of the cen-
tre line, and from about mile 15 northwards; but despite these mountains
no main drainage system has developed in this region, and any drainage

there might be, 1is purely local.

3.6.5. The annual average rainfall does not differ appreciably from
that qudted for the Sukses -~ Otjiwaronzo region (see 3.5.5 and Fig. E)L
The tree vegetation is likewise similarly dense, except in portions of
the flat terrain where sheet calcrete prevents all but a few acacia
trees from taking root. The predominant types of trees encountered are
" acacia and apple. In one locality only are yellow wood trees to be
found (3.6.14 and 3.6.15). Scrub bush occurs in Variouskplaces, and

a thick grass carpet covers the whole area after rein.

3.6.6. Exact road location: There was no decisive pointer as to the side

of the reilway line on which to locate the new road. A detailed analysis%
Vincluqing a materials'assessment, was therefore instituted. By normal
prospecting methods and in the time available, it would have been dif-
ficult to hazard an opinion with any degree of certainty, as to which,
if any of either, is the more favourable side from the materials point
of view; especially bearing in mind previous South West African ex-
perience of isclated high quality déposits which, if they occurred,
could quite easily establish a definite preference with far reaching
financial implications (paragraphs 3.1.14 to 3.1.19 and sections

3.5, 3.7, and 3.8). However, employing airphotos as an aid, a rela-
tively short time sufficed to arrive at the conclusion thét neither
side held any appreciable advantage over the other (3.2.5). Thus

the final decision to iocate along the existing road on the western
side of the railﬁay line, was not influenced one way or the other by

the materials position.

3.6.7. The results of subsequent detailed. prospecting, sadmittedly
mainly West of the railway line so as to obviate the npcessity for a
klevel crossing wherever possible; brought to light no additional in-
formation which could have influenged the orizinal assessment. A
-similar materials plan could equaliy well have béeh achieved on the
gastern side; had the necessity arisen. Sufficient borrow pits were
established on this side during the preliminary work to substantiate

this claim (see Fig.< 9). In other words, the accumulation of the
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detailed information necessafy for formulating a materials plan on such
a project,; showed that nothing of significance had been missed in the
initizl assesSment. In South West Africa, even after a detailed mé-
fefials investigation by normal methods of prospecting has already been
completed, additional work will often uncover information which com~
pletely changes the material picture, even to the extent that far-
reaching re-planning becomes a necessity at a late stage in the pro-

ject. Sections %.1 and 3.4 cite specific cases in point.

2.6.8. Preliminary prospecting: Testing done prior to the decision on

the exact location of the road, indicated that both the granites and the
calcreteé are generally of a better guality than those cncountered be-
tween Sukses and.OtjiwarQngo (3.5.16 and 3.5.18). The granites were
found to be consistently of subbase quality, while deposits of nodular
calcrete to meet both mechanically processed basecourse and shoulder
specifications, were obtainable without too much difficulty (seekTest
Result Sheets 27, 27 A, 25 and 29 A). However, calcrete deposits of
natural subbase and lime-stabilized basecourse quality, proved much
more difficult to locate, due to the fact that calcrete of a suffi-
ciently low plasticity to‘aliﬁw for the normsl variaticn of Flgsticity
Indices within a borrow pit area, 1is not readily discernible in the

airphotos.

3.6.9. The marked improvement in the general guality of the granites
North of Otjiwarongo, is probably due to differences in the metamorphic
processes, and to the relatively small areal extent, and in cbnsequence
proportionately greater contact zone, of these occurrences (éee Stergo-
grams 22 to 25, and refer to paragrsph 3.5.23 (iv)). The superior road
building guality of the calcretes North of Ctjiwarongo, cannot easily be
accounted for by a difference in climatic conditions, ' if present day
conditions, which vary very little between Sukses ~nd 0tjikango and are
favourable to the formation of cslcretes, are any ghide (see Fig. 2 and
paragraph 3.7.4). The improvement is much more likely to be ascribable
tb«some other cause. It ;s‘possible that the predominance of the crys-
talline limestone formations North of Otjiwarongo, not only gave rise to
a wider distributionwof surface limestones, but to a mofe rapid develop-

ment as well.

3.6.10. Prospectiﬁg, base: Apart from the screened nodular calcrete al-

ready méntioned, other standard basecourse materials available are, (i)
crushed shect calcrete, (ii) érushed erystalline limastone and, (iii)
one deposit only of screencd quartzose lateritic gravel situated over
2 miles from the road and on the eastern side of the railway line. From
‘economic conéiderations, it was decided to concehtfate on trying to lo-

cate sufficient sources of nodular calcrete close to the centre 1line,
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which, after screening and recombining with = binder, would be suitable
for use in the basecourse. On account of the anticipated processing,
and of the fact thst to expose the calcrete normally requires the‘remO*
val of 3 feet 6r more of sand, 2 haul distance of about 5 to 6 miles was
calculated to give the ideal borrow pit spacing. A

3.6.11. A borrow pit to meet the above requirements was actually tested
during the preliminary work. It is situated 1.3 mile; North of Otjiwa-
rongo, and aﬁout10.4 miles East of the road {sece Fig. 9, Stereogram 26,
and Tesé Result Sheets é5, and 25 A to 25 D). Prospecting, if success-
ful, was therefore only required in the vicinity of miles 11.0 and 21.0.
With the mid of the airphdtos, it was possible to concentrate furthérthe
prospecting to areas in the calcrete itself, which were likely to prbduce
satisfactory results. 1In such areas the acacia trees grow larger and
more profusely than in terrain where only sheet calcrete occurs (3.6.5).
The forms of calcrete which encourage a more luxuriant growth, are the
honeycombed structures of boulder and nodular calcrete, and powdery lime-
stong with its high percentage of voids. .These forms provide an easier
éccess for both roots and rain water than the compact nature of the mas-
sive sheet calcrete. This difference in vegetation, accompanied by a
lighter grey tdne>for the more densely wooded areas, ig easgsily discern-
ible in the airphotos (see Stereograms 23, 24, and 26).

3.6.12. The terrain to the West of mile 11.0, contains g number of like~
ly areas interspsrsed -in a large region of sheet calcrete. These
areas were marked up on‘the‘airpﬁotos, and given a ﬁriorify order for
investigétion, based on both haul distance and their positioning rela-
tive to the centre line. In the first area prospected, soft powdéry
limestone was encountered, but the sécond’ayea ﬁréducedAa good nodular
calcrete gravel containing an appreciable amounf‘ofﬂiime—coated quartz
aggregate, in which a bﬁrrow pit to meet the reguirements was later
established (see Stercogram 23 and Test Result Sheetsv26 and 26 A).
Immediately West of the‘éentre llne, and in the v101n1ty of mile 21.0,
most ofAthe country apaff~from thé band of c1y°talllne limestone and ad-
joining granitic areas, can be considered as a potential source of suit-
able calcrete (see Stereogram 24). In this regiony a little more pros—

pecting effort was nebdéd before a suitable dep051t was dlscoverwd due

.mainly to the increased océurrence of unsuitable powdery, .or boulder,

calcrete. A very good deposit of nodular calcrete, with typical honsy-

combed structure, was eventually 1ocatﬂd and sampled 0.3 miles dub West
of mileage 22.6 (see Stereogram 24 and Test Result Sheets 27 and 27 A).
3.6.13, Thus by the use of the airphotos in the manier illustrated, it
was possible to plan the basecourse prospecting to achieve the best prac-

tical solution with a minimum amount of wasted field and leboratory effort.
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tical solution with a minimum amount of wasted field and léboratory cffort.
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346415, Two trial holes,-madé on the initisl field inspection, don—

. firmed the existence of a quartzose lateritic gravel deposit. Later-
the area was comprehensively sampled and fésted, proving the deposit

to be similar in quality to those located in the same types of feature,
but much further South (3.4,5). The gravel meéts basecourse specifica=
tions after the removal of excess fines, but despite this, the occur-
rence, which is the only one of its kind in the region, did net in-
fluence the location of the road, due to the more economic calcrete
sources already described; and for this same reason, its use has not
been planned (see Test Result Sheets 28 and 28 A)é. On account of its
distance from the centre line, it is doubtful whether the existence of

this deposit would have been discovered without the aid of airphotos.

3.6.16. Prospecting, subbase: In view of the consistent test results

of subbase standard obtainced from the granites, it was decided to locate
subbasge Borrow pits in these formations wherever economically possible.
After delineating'the few granité possibilities on the airphotos,it was
seen that only three of these occur sufficiently close to the road on
the western side to have warranted fufther attention. Fortungtely these
occurrences are well situated at aspproximately mileageé 6.9, 11.6 and
21.%3, to serve most of the section economically. Borrow pits virtuélly
adjacent to the road, and éuffiqiently‘large to meet the anticipated re-
quirements, were sampled within these three sources. s was expected,
the subseqhent test results proved.the granite to be suitable for use in
the subbase. (see Fig. 9, and Test Result Sheets 29, 29A, 30, 30A, 731
and 314). |

3.6,17. The granite occurrences at mileages 6.9 and 11.6, are chiefly
differentiable in the airphotos from‘their.sdrface textural-appearance
caused by the pfedominant growth of apple trees, which 1s in contrast

to that caused by the acacia trees covering the adjacent cmlcrete de-
posits (see Photofi6)f‘ Both occurrences also form a slight rise. in

an otherwise very flat terrain (sece Stereozrams 22 and 23). At mileage
21.3 the granite'occurs in small irfegular shaped areas in contact with
© - a band of crystalline 1imestoﬁe. Another such area (B.P. 21.0B) adja-
cent to the same band of crystallihe limestone, But just East of the
railway line, was ealso sampled and proved tS bé of similgr subbase
quality. These areas would be extremely difficult to locate under

the existing conditions by normal ground prospectingfmefhods, However,
"the wider, and vertical view providéd by the airphotos, makes it possible\
for such prospective sources to be readily deteéted. They casn be differ-
entiated from their surface textural appearance, produced as before by

the natural vegetation, and also from a much lighter grey tone than
either that of the band of crystalline limestone, or, that of the
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There are undoubtedly other suitable deposits available as well,ysbme
of which may possible be more conveniently placed, and could be used if
a sand surface dressihg is specified. Here again, the sirphotos Qere
instrumental in directing the effort to the only area likely to yield
satisfactory material, and thus also, in p{eventing fruitless® searching

over large tracts of country.

3.6.21. Airphotc indicators, summary: The primary indicators used for

the recognition of the different formaticns, or of significant varia-

tions within the same formation, are summarized below for easy reference:

(i) Surface Limestone, which is the most wide-spread

formation by virtue of the fact that 1t blankets

the basic geology over large areas, was not normally
differentiated. Essentially, its indicators are com—
plementary to those of any geologic~l formation of
differing composition, or origin, with which it is
in contect. However, within the surface limestone
itself, powdery, boulder, and/or nodular forms,
were distinguished from the massive. form, by tex-
ture of vegetation and by.gfey tone of material

(3.6.11).

(ii) Iateritic gravel: Texture of vegetstion and

relief (3.6.14).

(iii)' Granite: Texture of vegetation, relief, and grey

tone of material (3.6.17).
(iv) Quartzite: Relief (3.6.18).

(v) Crystalline Limestone, although the principal basic

geological formation in the area, played only a small
part in the investigations. As all the hills and
mountains of any significance consist entirely of
crystalline iimestohe, they are reccgnizable as such
from their topographic form. However, the more sub-
dued bands of crystalline limestone are initially de-
tectable from their general "sweep" scross the adjacent
formations. A closer examination will also reveasl a
darker tone éf material, and a difference in surface
texture caused by the gfowth and distribution of scrub
bush and trece vegetation (ssé Stereogram 24).

3.6.22, Drainage patterns, apart from iﬁdicating the only possible

sdurces of sand for surface dressing, again played no part in @ither

the recognition of geologicsl formations, or in the location of road

building msterial.
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runs approximately aiong latitude 180 36' South, there is a marked
changé in the topography. To the South the country undulates, forming
a regular pattern of streets and dunes rudning in straight lines at
approximately 95° %o true.North (see Photo 18). The terrain to the
¥orth on the other hand, is remarkably flat and exhibits .prscticslly

no relief at all.

3.7+3. This sudden, and apparently =2rbitrary, changes in topogrsphy,
probably developed from a slight but critical differsnce in climatic
circumstances. Dry cohditihns, where movement of sand through the
ggency of the wind can occur eésily, favour the formation of sand
dunes; while more’trdpical conditions result in tﬁe s=nd remaining

wet for comparativelyllongef periods, and thus being more resistant

to movement by wind which could produce.sand dunes. The tendency for
rain water to wash sand downﬁards into low lying areas, 1s yet another
factor which hihders the development of dunes under heavier rainfall.’
conditions, and’which naturally leads to the formation of = rélativdy
flat topography, wherever considerable depths of sand cover the basic
geology. The interpolated annual average rainfall at Runtu, 1is about
580 mm. (23 inches), and this figure decreases steadily towards Groot-
fontein. 4t the intersection of the Gaza Line and the new road, the
rainfall is of the order of 510 mm (20 inches) per annum, which Appesrs
to be about the critical rainfall, above which, dunes will not form in
this particular region (see Fig. 2). It 1is pbssibie that during the
earlier formative period, the climatic conditions COuid have been rela-
tively more pfohoﬁnced, which would account more sgtisfactorily for the
abruptness in the change. As a result of the depth of sand and géntle
slopes, all‘rainfa11>is absorbed locally, and no surface drainsge system

has been able to develop.

3.7+4. The nature of the surface limestone deposits undergoes an abrupt
change similar to that of the topography, and this transformation is like-
wiée in sympathy with the variation in the rainfall. In South West Africa’
it has been found that calcrete develops best in areas where the annual
average rainfail does not exceed 510 mm (20 inches). Rain water rises

by capiilary actién often enough, and sufficiently close to the surface;
to enable evaporation to take place, and hence also the deposition of
lime. If the rainfall is higher than this critical figure, the rain
water tends to sink deeper where the same degree of capiilary rise and
evaporation cannot take place. ILim: deposits under such conditions are
not so wide-spread, are generally found at gfeaﬁef depths, are often
different in their mode of occurrence, and are usually, comparatively

speaking, not so well developed. In regard to the region immediately
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development and mode of occurrence are completely different from that

of the first deposit. The gravel itself has{formed’Under about 4 feet
of sand, and 1is comprissed of a hard, sandyvtextured, and concretioﬁary
li@estone, with a honeycombed structure. It is of basecourse guslity,
and will be usable.for gravel road conStruction 1n one form of another
(see Test Result Sheet 34). The main occurrence has formed in a reef~
like feature, gnd is not nearly as obvious on the airphotos as the pan
with its accompanying drainage deVelopment,thich led to discovery of
the first deposit. Despite this, it is still readily distinguishable
to the practiced observer, and was actually visited on the day follow-
ing the first disclosure. The primary airphcto indicator is naturally
the reef-type of feature formed by the deposit itself, but subsidiary to
this is the growth of a number of large trees in an area which 1s other-
wise devoid of tree vegetation (see Stereogram 28 and Photo 20). No
doubt the easy access for beth roets and rain water, provided by the
honeycombed structure of the calcrete, accounts for the presence of these
large trees. Small isolated deposits are also found in the open area
West of the main reef, but these are too small to be recognized in photo-
graphy of this scale. '

2.7.11. A few more features unaccounted for by the initial =and subse-
‘guent interpolation, were also field-checked, but brought to light no
further gravel sources. Hence, it was concluded that the two deposits
described above, are all that actually exist within the area investi-~

gated.

3.7.12. Prospecting by aerial reconnaissances: As the 1ocaiities of

these two deposits would involve hauling wearing course material for a
distance of up to 15 miles, it was counsidered essential to prospect an
additional area beyond that already covered by the airphoto strip, in
the hope of locating more gravel sources of a similar nature, and thus
reducing the unfavourable leads to reasonabie‘proportions. ‘ Owing to
the acute time limitation, it was further thought dasirable_to conduct
the sufiey»by aerial reconnaissance, provided that this method held ouv™®
a reasonable chance of achieving success. 45 many hours had already
been spent in stereoscopic examination of the airphotos; in conjunction
with both available test results and systematic field-checking of all
significant features, familiarity with the vertical view and the corres-
ponding materials interpolation thercof, had become second nature. It
was~thé considered opinion, therefbfé, that a carefully conducted aerial
reconnaissance had a good chance of‘yieldingsreliablé materials informa-

tion about the terrain borderihg the airphoto strip.

3.7.13. All information already to hand, indicated that the area on



67.

the north-western side of the airphoto strip, was the one more likely

~ to produce results, and in consequence the investigation was limited
to this side. To ensure reésonably accufate location from the éif,
traces perpendicular to the centre line and spaced at 5 mile intervals,
were pushed open on this aide (see Pig. 10). The first traverse was
flown along a line directly over the énd of these traces,; and at a
height -of about 5,000 feet above ground level. This altitude was
specifically chosen to ensure that feafures would be visible for a
Eufficiently 1png period to enabi; positive identification to be made.
The locality of features which would reguire laterrgrdund—checking, wa s
noted as accurately as possible on a prepared planvshowing the centre
,line‘ana relative position of all fraces. On the second traverse, the
position of all features noted on the plan, was sither confirmed,; or
adjusted where necessary. Cne or two particularly promising-looking
places were also examined at close gquarters by flying sevefal passes
at tree top height. From this height it was possible to recognize
typical types of scrub vegetation, as well as pieces of aggregate

lying on the. surface.

3.7e14. This air reconnaissance finally produced two new gravel
sources, as well as an extension ares some distance West of the cal-
crete already located at mile 29.0. The first disaovery‘waé made
opposite mileage 8.0, and approximately in line with the -end of the
traces. It consists of an isolated, but well~devéloped calcrete
deposit, similar in quality and mode of occurrence to that previous-
ly found at mileage 0.8. The second deposit to the credit of this
reconnaiésancé, is situated about 7 miles north-west of mileage 18.5
(see Fig. 10 and Test Result Sheet %4). It occurs @ short way from
the source of ah omuramba, which subsequently follows a general_norfh—
westerly course away from the area of interest to the road project.l
Its mode of occurrence, and the shape. and form of its ageregate,; are
similar to those of the deposit at mileage 29.0; but dhfortunately

it is positioned uneconomically far from the centre line, and will
thus have no practical application apart from thatrof an emergency
source 6f supply. The deposit at mileage 8.0 howsver, has already

- been used, and effects an overall reduction of from 2 to 4 miles in
the.maximum haul distance between the two original sdurces 2t mileages
0.8 and 29.0. As the transport of a considerable gquantity of wearing
course gravel was involved, this réauction has resulted in an appre-
clable saving in the cost of construction, and will subséquently bene~

fit maintenance expenditurc as well. Assuming the prerequisite of

1. An omuramba is a grassed stream bed which
occasionally carries water.
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the existence of suitable sources of material, the suCceSs,’achieQed by
- the aerial reconnaissance; can be ascribéd in large measure to the prior
application of the techniqueyoVer the areé covered by the airphoto‘strip
of the first 30 miles North of the Gaza Line (3.2.4 to 3.2.6). Without
complete familiarity with the vertical view and corresponding materials
interpolation, a survey of this kind could be misleéding, and could
cause faulty decisions to be made, based on unreliable informstion:
Hence, the success of such a venture is largely dependent on the prior
intensive use of airphotoé of terrain similar in all respeats to that

which it is intended to cover by the aerial reconnsissance.

%3.7.15. The cheapest route: Had the initial materials investigation

been conducted with the aid of the airphotos in the manner indicated,
and then extended to include this latter air rsconnaisance work, the
route would almost certainly have been locateq further to the nbrth—
west, probably by as much as 5 miles, or more, 1in places (see Fig-lO)h
In this way all four gravel sources could have been utilized to their
best advantage, resulting in the cheapest possible gravel road under
the particular conditions dictated Ey nature. The fact that the gra-
vel deposits first found were thought to be of wearing course quality,
would not automatically have ensured the adoption of the present, and
shortest route. The four gravel sources discovered lafer, apart from
their obviously superior gquality, would in any case have been considered
the ﬁore economical proposition, as all of these occur, either on the
surface, or under a thin sand layer oniy; while the general limestone
deposits of the area, were found to occur in thin layers under gt least
a 6 foot thibkness of sand; and coﬁsequently would have been relatively

gexpensive to work.

3.8. THE KALAHARI GEMSBCK NATICNAL TPARK

3.8.1. Introduction: The main road running along the Auob River, and

then passing through the Kalahari Gemsbok NationaltPark, carries an ever.
increasing amount df through traffic bound to and from the Republic of
South Africa. It has now reachédAa stage where 1t 1s considered desgi-
rable to route this traffic outside the Park boundaries, and to this end
the South West African Administration investigated a triangular area of
country enclosed by the  Auob River in the North, by the South West Africa
- Cape Province boundary in the East, and by a strsight line from the farm
Stilledal on this boundary, to the point of entry of thevﬁuob River to the

farm Kinkel (see Figs. 1 and 11).

3.8.2, vEnvironmentél conditicns: This entire region, apart from the






70‘

obvious éhat the‘crux of the problem was the location of sufficienf

gravel sources suitable for the construction of = wearing ocourse layeér.
"If such sources did not exist within, or close to, the ares of possible
locatioh, the question of building a gravelwsurfaded road in the vici-
nity, would be purely theoretical. In this respect the problem resem-
bled that which developed on the éection of road between the Gaza Line

and Runtu, in the Okavango Native Territory (3.7.7).

¢

3;8.5. The first area to be investigéted intensively, was a nar{0w
strip between the farmé XKinkel and Stilled=al, as this particulér line
was favoured by the Cape Administration (see Tig, ll). Three streets,
offering the most satisfactory geometric solutions, were chosén from
this sfrip and were then prospected along their full lengthsy invol=
ving a distance of approximately 55 miles per street. Auger holes
to a depth of about 15 feet, and seismic readings which were reliable
to about 30 feet,. were taken at judicially placed low points selected
directly from the mosaics. The streets and dunes are readily differ-
entiable jin these mosaics from the lighter grey tone of the latter,
while low points within the streets are easily recognized from their
relatively darker tone (see Mosaic 2).  The information thus gleaned,
confirmed the suspected fact that no calcrete had formed; and that
within this strip the sand reaches a considerable depth. The construc-
ticn of a gravel road along this»route,’was'therefore considered to be
impracticable.

3.8.6. Appraisal, possible route (refer to Fig. 11): Attention was now

directed further to the East, where the only pan of any size cccurs. The
side slopes of this pan were found to AOntain large quantities of pebble
calcrete gravel, the aggregate portion of which is of suitable size ahd
quality for use. in a wearing course layer; but the soii fines proved to
be insufficiently plastic to ensure adequate cohesion of the pebbles. The-
floor of thé pan, however, consists of a range of plastic clays, which,
if judicially selected and admixed wifh the natural gravel from the slopes,
should achieve a satisfactory end result (sce Stereogram 29 and Test Re-

sult Sheet 35).

3.8.7. #ollowing on this discovery, a narrow strip of cbuntry between
the Auob River and the South West Africav~ Cape Province boundary,which
included sites likely to yield similar types of material, was selected
for systematic investigation. Onc of the anticipated possibilities was
a small pan on farm No. 330, wherc an occurrence of célcfete gravel and
plastic fines, similar to that foundAin the larger pan, was subsequently
confirmed (see Test Result Sheet 36). A third source tested was from

the valley of the Auob River, where any amount of suitable gravel was
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already known to exist (3.8.3). From these three sources it should
be possible, using maximum haul distances not eXcéeding 9% miles, to
‘gravel a satisfactorily aligned road to the South Wesf Africa - Cape
Province bordér, which would by-pass the Pérk: This possible route
is roughly parallel to, and 5% to 6 miles from, thevoriginél4line fa-
voured by the Cape Provincial Administration. The decision as to whe-
ther or not it will be adopted, now depends largely on the outcome of

future negotiations with the Cape Provincisl Administration.

3.8.8. Pattern of topogrephyt The route proposed above, marks roughly’

the boundary between a slight but sighificant change in the pattern of
the topography. East of this particular location, and to the limit of
the region investigated, the sand dunes tend to be smaller and form a
mere broken pattern, suéh that continuous streets diminish in length
and are not so well defined (see Mosaic 2). It is thought that the
thickness of the sand cover decreases cons}derably over this section,
which may account for the change in size and pattern of the dunes, and
for the fact that calcrete has developed. Unfortunately, the time was

not available. to establish definitely whether this is in fact the case.

3.8.9. Conclusion: The aerial mosaic is without doubt the best medium
for showing up slight changes in the pattern of the topography, (or for
thet matter in the pétfern of the vegetation as well), wnhich, as in this
particular case, may be of vital imporfance in prospecting, and ulti-
mately in the project as a whole. The individuasl stereopairs are too
%imited in areal scope to ensure the discovery of such changes. In
this instance mosaics also enabled the field parties to locate themsélves
with ease, and by the use of interpolation, ensured that the investigatio
was finalized in = miﬁimum of time. The usefulness of the girphotography
for the materials investigation of this particular project, was hence cen-
tred primérily‘in the mosaics, and not in the individual stercopairs..
This fact, taken in conjunction with fhe success achieved with stereo-
pairs on other projects, high-lights the necessity for the use of both

stereopairs and mosaics if the maximum benefit is to be derived.
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CHAPTER 4.

SUMMARY AND CONCLUSIONS

4.1 PROSPECTING METHODS IN CURRENT USE

4.1.1. In the Territofy of South West Africa three methods eof conduct-
ing a materials ihvestigation for rural road projects are in current usee.

These are as follows ¢ .

(i). The use of’éirphotos and airnhoto interpretation in

the way described in this thesis (section 3.2).

(ii) The use of)ﬁirphotos and airphoto interpretsation for
the production of a soil engineering map coupled with
prospecting dhring, and after, +the production of the
map. In this method the map, and\not the airphotos,

is used as an aid to prospecting (2.4.21).

(iii) ©Prospecting by established methods without the aid

of airphotos in any form..

4.1.2. Methods (i) and (ii) were introduced almost simultaneously in an
attempt to improve the indifferent results obtained, under complex and -
difficult conditions, by normal prospecting practices. With the experience :
gained, it can be stated categorically that the application of both me-
thods has been successful, in that a considersble overall improvcmeht has
resulted in the accuracy and dszgree of compietion of the information ob-
tained. In other words, it is the application of airphoto interpretatim
to the materials field which has resulted in this improvement, the use of

different approaches affecting the degreec.

‘472,  THE MAJOR IMPROVEMENTS TO PRCSPECTING EFFICIENCY
V STEMMING . PROM THE DIRECT AID OF &IRPHOTOS

4.2.1. The technique described in this thesis has succecded beyond ex-
pectatidns, primarily due to its being specificaliy tailored to meet

the special needs of this Territory (3.2.1). Nofmai prospecting
methods have failed to supply, witﬁ sufficient. reliability, the vital
information required to fulfil these needs; but these same bhasic pros-
pecfing practices, improved and adaﬁted to make full use of the potentiml
of airphotos in thc manner described, have been able to achieve remark-
able results. The main improvements which stem from fhe direct aid of

airphotos, can be summarized as follows:

-
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(i) The reduction of unnecessary waste of time to a
minimum by: (a) being able to locate easily ones
own position relative to specific features which
reguire field-checking and, (b) by completely
avoiding areas where prospecting will be fruit-

less (3.2.5).

(ii) The use of the exaggerated vertical scale with
wide coverage, to locate sources of road building
material which would hormally have been missed by

use of the ground view only (e.g. 3.5.14 to 3.5.15).:

(iii) The observation of significant patterné and the
accurate delineation of their boundaries, over
both small and extremely large lareas, made poS=-
sible by the wide coﬁerage provided respectively
by individual steréopairs and composite mosaics

(3.8:8 to 3.8.9).

(iv) The possibility, through familiarity with the ver-
 tical view and its corrésponding correlation with
ground conditions, of prospecting by means of
aerial reconnaissance beyond the airphotoe cover

(3.7.12 to 3.7.14).

(v) The extended scope of interpolation, which makes -3
possible guick matérials appraisals of large tracts
of country for route location purposes, and which
also permits detailed prospecting to be effective
over an area embracing 3 miles or more on each side
of the centre line. By normal prospecting methods,

a quick but accurate materials reconnaissance over a
large region is virtually impossible, while detailed
‘prospecting is rarely effective beyond a half mile

from the centre line (3.2.3 to-3.2.6).

(vi) The ability to plan rationally on both a short and

long term basis, which ability has led to the whole
i

-—

development of the technique described (section 3.2).

‘

4.3.. SOME ADVANTAGES OF THE TECHNIQUE DEVELOPED, OVER THAT OF INVES-
TIGATIONS BASED ON THE PRODUCTION OF A SOIL ENGINEERING MAP

4.3.,1. From the concept on which the technique is based, it is readily

apparent why it has achieved better overall results and more confidence

at top-level in South West Africa, than the method based on the production

mapping approach (refer to texts of Chapter 3).

(ii) Despite the premise, which is undoubtedly correct,

that nature 1is not haphazard but conforms to regular
laws, basic geolegical formations. are still encoun- !

tered in which the engineering characteristics vary

idelv from place to placé within the s=2me formation.
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of a soil engineering map (3.2.1). Some of its moré obvious advan-

tages are detailed below:

(i) The airphoto interpretation is directed st supplying
in an early stage of the design, tHe vital information
concérning the locality of ALL top-quality sources of
low~cost material, substantiated by adequafe test re-
sults, This is especially important where decisions

‘ on route location have to be taken before the more de-
tailed planning can begin. In soil engineering mapping
projects, - the airwhoto interpretation is directed pri-
marily at the accurate demarcation of thé boundaries
between the basic geoclogical formations. Delineation
of the superficial surface deposits is undertaken
later, but, in its application in South West Africa,
has been too general to be of much engineering sig-
nificance. Esfablishing the road-building potential
of these imbortant surface deposits is largely ieft
to the éubsequent prospecting operations, which are
conducted with the =2id of the map and NQOT with the
direct =2id of airphoto interpretation. Thus the
many advantages to be derived from airphoto inter-
pretation in this all-important phase of the ma-
terials investigation are lost, with the conse-
quence that important deposits are sometimes missed.
For example, on the soil engineering mapping project
between Mariental and Asab, two surface limestone
occurrences close to the centre line, remained un-
detected as potential basecourse material until late
in the construction phasse. This gravel was even-
tually used in ll% miles of basecourse, which on this
6C mile project? is approximately 19% of the total
basecourse length. As many of the low-cost sources
of good quality material are to be found in these
superficial surface deposits, this deficiency is con-
sidered a major disadvantage of the soil enginsering
mapping approach (refer to texts of Chapter 3)._

(ii) ©Despite the premise, which is undoubtedly correct,
that nature is not haphazéfd but conforms to regular
laws, basic geological formations are still encoun=

<

.tered in which the engineering characteristics vary

~

widely from place to placé within the s=me formation.
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Under such circumstances the technique developed has
proved very successful in direct location of materisl
to meet particular road-building specifications (3.5.14).
The latest trend in soil engineering mapping projects,
is to conduct a statistical analysis on the different
materials encountered, covering the variability of

the significant engineering properties. The results

of such an analysis under conditions of variability
within the same formation, would poinf’to the need

for the location of specific sources to meet parti-
cular requirements. Having arrived at this cohclusion,
“the soil engineering map would be of no further use, and
these sources would then have to be located by normal
prospecting pfactices, with 2ll their attendant dis-

advantages under South West African conditions.,

(1ii) The technique directs all its effort on solving the

problems considered to be of direct and practical im-
portance (refer to Section 3.2). In order to préduce

8 soll engineering map, much effort is often expended

on gquestions of no adtual significance to the road pro-
ject. for example, (a) in order that large areas of the
map should not remain undifferentiated, accurate delinea-
tion of the boundariss between basic geological forma-
tions is still undertaken despite 10 feet or more of
cover by superficial surface derosits (e.g. as in such
areas as those déscribed in 3.4.2, 3.5.3, 3.6.3; 3.7.2,
3.8.2); and, (b) detailed work in areas far from the
centre line is done even in cases where road building
material is plentiful much closer to hand. The in~
corporation of such superfluous information is not in
itself harmful, but, after dissipation of so much ef-
fort on the production of a map, there is often a ten-
dency to skimp on essential prospscting, to the ultimate

detriment of the overall materials investigation.

(iV) A degree of trained and skilled geological conjecture

is not necessary when applying the technique described
in this thesis, as most sources of road building ma-
terial can be directly distinguished as such on the air-
photos (refer to relevant texts of Chapter 3). * Thus,
the airppoto interpretation can be done adequately hy the

gngineer directing, and responsible for, the prospecting
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operations. This arfangement will also ensure that
the engineer becomes familiar with the terrain, from
which many direct and indirect benefits will subsequent-
ly flow. However, in the soil enginecring maps produced
to date, the accuracy and detaill achieved, is the work
of a trained geologist specialized in sirphoto inter-
pretation (2.4.16 to 2.4.17).  ‘hen using such a map
as the basis of the materials investigation, it is
5till necessary tc have a specialized engineer direct-
ing the overall project. Thus an additional highly

\ trained specialist is required fdf the soil engineer~
‘ing mapping approach; a distinct disadvantage in

these days of general shortage of scientific personnel.

4.4, THE SCALE OFf FPHOTOGRAPHY : REGJIR:SMENTS COMPARED WITH
' THOSE FOR SCIL GENGINEERING MAPPING

4,4.1, The scale of the aerial photocgraphs uscd on all the investiga~-
tions described,. is approximately 1 in 36,000, with the‘exception of
those used for the Kalahari Gemsbok National Park job, where the scale
is of the order of 1 in 39,0C0. Despite this relatively small scale
when compared with the scales recommended for soil engineering mapping,
in only one instance, apart from the gensral problem with calcretes,
waa Jifficulty encountered in delineating the. boundaries of deposits,
or formations, of any road-buildiny significance (2.4.7 to 2.4.8, and
4.5.2); This was 1in the casé of quartz gravel deposits South of Kalk~
rand, where the average rsinfall happens to be about 8 inches per an-
num. These gravels have often been impregnated with calcrete to‘the
extent that their normal =dirphoto indicators have become obscured,'
making exact boundary dsmarcation virtually impossible, -and hence also
hindering rsliable detection by analogy (3.1.17 to 5.1.19). In this
particular case, a larger-scale of photography may have revealed some
more definite change of toas and/or texture of those deposits which
happen to be relatively free from lime~impregnation and this would
have made for easier and better recognition of such OCCUTrTrences.
However, in an area of average annual rainfgll of approximately 15
inches, it was possible, when using a four'magnification stercsoscope,
to locate a dolerite dykerin the Klein Omatako Mountains, which is
too narrow to be workable in practice (3.4.4). Again between the
Gaza Line and Runtu, where the average rainfall is as high as 22

inches per annum, the only two gravel deposits of wearing course
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quality were not difficult to detect on the airphotos (3.7.8 to 3.7.10).

4.4,2, It is concluded, therefore, that the scale of phofography re-
gquired for the successful application of the technigue previously here-
in desoribed, is considerably smaller than that needsd for accurate
goil engineering mapping; especially in the higher rainfall areas,
where a scale a little larger than half the size of that recommended
for soil engingering mapping, has proved adequate (2.4.7 to 2.4-8).
The reason for this is readily apparent. So0il engineering mapping

is to a large measure concerned with the jemarcation lines between
basic geological formations, and reguires these to be established ac-
curately, even under adverse conditions and where positioning of a
particular contact line is of no importance to the road project(4.3.l
(iii), and Bibliography No.A6). A larger scale of photosraphy is
necessary to obtain the desired accuracy and to enable the interpreter
to minimise his field-checking. In the application of the technigue,
however, the chief concern is the location of finite areas of suffi-
cient size to be workable in practice and which are economically si-

tuated.

4.,4.%3, As the scale of photography necessary for the planning of
various other gaspects of a road projeptg sgch as survey, drainage
positioning, catchment areas etc., is relatively small, the financial
advantage of the smaller scale requirements is appreciable. For exam-
ple, large areas of South West Africa have been flown to a scale of

1 in 36,000, and the policy of the Administration is to extend this
airphoto cover still further. This scale is large enough for general
engineering purposes, and is also perfectly adequate for the applica-
tion of the technigue, but, apart from the arid areas, would not even
remotely meet the requirements for the production of an accurate soil

engineering map. (see Fig. 2 and paragraphs 2.4.7 to 2.4.8).

4.5 ATRPHOTOQ INDICATORS

4.5.1. In the investigations undertaken, the indicators of topographic
form (relief) and texture and grey tone of vegetation, were responsible
for the identification of the majority of sources of road.building ma~
terial. Changé of slope, and texture and grey tone of materisls, also
played a minor rfle. Linear forms consistinguof a dolerite dyke, bands
of crystalline limestone, and parallel rows of Kalahari saﬁd dunes,
have on occasion also been prominent indicators (4.5.4). The bands
of crystalline limestone were associated in the location of important

sources of material between Sukses and Otjikango (3.5.16). Drainage
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and erosional forms of indicator were virtually non-existent, as is to

be expected in well-vegetated, undeveloped, flat terrsin.

4+.5.2. Surface limestones in many forms, and sometimes to considersable
depths, are distributed over much of South West Africa. Their road
building potential varies in proportion to their numerous modes of oc-
currence, and ranges from unsuitable for use anywhere in the road bed,
to suitable for use in the'basecoursellayer. Their airphoto indicators
also vary over a wide range, making interpolation, and interpretation in
terms of engineering significance, very difficult. For example, in the
neighbourhood of Sukses the grey tones of the calcrete vary from dark to
very light. In this particular case however, this wide variétion form—
ed the basis for the differentiation of calcrete to meet shoulder speci-
fications, from that of a much inferior quality (3.5.18). Again, betwee
Otjiwarongo and Otjikango, it was only possible to delineate specific
areas, and not actual déposits, which were likely to produce workable
gravel of potential basecourse quality. = These areceas still required
ground.prospécting, as other unsuitable forms of undifferentiable cal-
crete were also present (3.6.11 to 3.6.12). A further example quoted
elsewhere, is that of ths lime-impregnated quartz gravels South of Kalk-
rand, which proved difficult to distinguiéh on the girphotos, probably
due largely to the impregnation of lime (3.1.19). From these ekamples
and from general experience, it is concluded that airphoto interpreta-
tion has its limitations in regard to the differentiation of surface
limestones in terms of road building potential; and for this reason,
such deposits should be given special attention in the field whenever

the use of this technique is to be adopted.

4.5.3. Anthills have proved reliable indicators of the general plasti-
city of soils. Where these occur, the Plasticity Index of the top soil
is rarely less than 8, and has a tendency to increase still further with

depth. Coﬁversely, where anthills are not found on reasonable depths

of top soil, the Plasticity Index is invariably less than 8. In open

country these anthills impart a pock-marked appearance to the airphotos,
but in wooded areas *%he anthills are often obscured, making direct gir-
photo recognition difficult. 1In such cases the limits of the anthills
can be checked on the ground, after which the demarcation lines between
plastic and less plastic soils can often be delineated from other indi-
cators, A similar relationship between anthills and the corresponding
plasticity of the soil, has been reported from Nyasaland (Bibliography 28).
4.5.4. It has been suggested that the elements of aerial photographic
patterns such as dykes, faults, joints, bedding planes, fracture traces,

bands of metamorphic rocks, reefs, sand dunes etc., be classified
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separately under the heading of "elements of line" (Bibliography No. 2,
volume 2, page 63). However; such elemants are usually identified
initially 4n the airphotos by their linear form (3.4.4, 3.5.16). If
an additional breakdown is considersd desirable, it would therefore
‘seem more logical to classify such a group under énother subdivisicn
of the "elements of form". It could be justified by the fact that
such features are often striking in their own right, although they
are still diffefentiablé from, and classifiable under, one or other
of the existing breakdown of the elements into form, tone, and texture
(2.4.6). However, by analogy with this drgument, man-made geographic
féatures would- also justify separate classification, although these
again are identifiable from the basic elements as listed. It would
appear, therefore, that if the list of elsments is not to become un-
wieldy, it should be confined as far as possible to those glements
which are essential for differentiation and classificafion purposes.
Despite the linear occurrences encountered in South West Africa, the
basic elements of form, tone, and texture, have still been found ade-

quate for all general purposes.

4.6 THE IMPORTANCE OF THE CORRECT USAGE OF STEREOPAIRS AND MOSAICS

4.6.1. The importance of continued and detailed study of stereopairs
before ana during the materials investigation of any project can hardly
be overemphasised (3.2.4). Many of the indications are only identifiable
on perception of the relative vertical and horizontal relationships be-
tween formatioans of differing origin. A great potential advantaege of
aerial photography in the materials field is being sacrificed if stereo-
scopic examination of the airphotos is in any.way neglected.

4.6.2. Occasionglly however, mosaics will notvonly fulfil their normal
routine function,but will even play a more dominant réle than that of the
individual stereopairs (3.2.7). This is especially true where gradual
changesein the pattern of the topography over large areas are significant,
and may prove difficult to detect on the limited area. imaged by stereo-
pairs (3.8.8 to 3.8.9).

4.6.3. If the full potential of aerial phgfography in the materials
field is to be realized, therefore, it is imperative that both stereo-

pairs and mosaics are used correctly and intelligently.

47 THE RELATIVE ECONOMICS OF MATERIALS INVESTIGATION METHODS

4.7.1. No costing has as yet been undertaken on the various aspects

entailed in the application of the technique described in this thesis.
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From a comparative point of view however, detailed costing of any method
on a few specific projects only, 1is of limited value, due primarily to
the vesriable factors which occur under widely different local circum-~
stances, and which cause a large percentage fluctuation in the cost per
mile. A comparison of the field operations, as being the most costly
items involved in all three methods of materisls investigation in cur-
rent use in South West Africa, forms possibly a more suitable basis on

which to guage their true relative costs.

4.7.2, The technique forming the main subject-matter of this thesis,
involves two distinct field operations; the first 1s the recognition
of all.featureé in the airphotos, and the ssmpling of typical vrofiles
to establish their engineering potential and to provide the basis for
later direct interpolation in terms of engineering significance; the
second is the systematic sampling of sufficient borrow pits, to give
the most economic usage of materials when the road is ultimately built.
On the other hand, normal prospecting methods constitute one continuous
field operation; namely that of sampling sufficient promising sources
of material to build the road, if, and only if, such sources happen to
be found without too much difficulty. From this it is reasonable to
conclude, that the actual cost of the application of the technique is
not likely to be less than that of normal prospecting, but is probably
not appreciably more either, due to the elimination of much of the du-

plication of effort usually inherent in normal prospecting practices.

4.7.3. Theoretically, inQestig;tions basad on a soil engineering map
are also subject to two distinct field operations; namely that of
the production of the map, followed by thét of defailed prospecting
with the aid of the map. Production of the map alone has been costed
at from R75 to R120 per mile on various projects in Southern Africa
(Bibliography No. 33). To this, of course, must be added the cost of
the second field operation. On gccount of the det2iled work required .
in the production of the map, coupled with the fact that the use of
the map for the second field operation is often not ss sgtisfactory

as the use of the airphotos themselves, it is concluded that the ap-
‘plication of the technigque described hereinbefore, is less costly than
a complete investigation based on the initial production of = soil en-
gineering map. This comparison assumes that suitablq sirphoto cover
is available. All of South Africa and much of South West Africa al-
ready has airphoto cover which is suitable for the zpplication -of the:
technigque described, but much of which may not be suitable for soil
engineering mapping purposes (Bibliography No. 6). The comparison

in general therefore, tords to favour still further financially, the
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" method of direct application of airphoto interpretation to borrow

pit location.

4.7.4. An inference which can be drawn from the foregoing, is that

the difference in costs between all three methods of investigation, is
negligible when compared with the overall cost of the average road
project. The really important economic consideration, from the Admi-
nistration's point of view ét any rate, is to discover in the time
available, the criteria for the minimum possible cost of construction
under the prevailing conditions. From intimate experience of the use
of all three methods in South West Africa, it is concluded that the
proper application of the technique described in this fhesis, has the
best potential of achieving the maximum possible reduction in construc-
tion costs, especially where distribution of high~quality road-building
material is the determining factor in the route location; and that the
amount of money which can thué be saved, is out of all proportion to
any possible increase in the cost of the materials investigation due

to the choice of this particular approsch.

4.8 INVESTIGATIONS BY CONSULTING ENGINEERS FOR CONSTRUCTION BY CONTRACT

4.,8.1. During the planning stage of any job being investigated for the
Administration by consulting engineers, much of the interest of the
Client is vested in ensuring that the most favourahle contract tender
prices will be obtained for the items in the bill of quantities, which
will have the greatesteffect on the eventual cost of construction. The
primary requisite in the pursuit of this aim is that these quantities
be realistic and bear a réasonably close relationship to the final quan-
tities used. To achieve this; an accurate knowledge is required of the
most economic\sources of material available for the construction of the
significant layers of the road. Only then can such questions as the
most suitable distances for free haul, the guantities of dverhaul and
of the different classes of natural and processed materials needed for
the various layers, be intelligently estimated. If the road as built,
differs appreciably from the proposed construction on which the »ill of
quantities was based, and the cause is not unexpected relative tender
prices but the lack of sufficient knowledge in the planning phase, then
the Client may stand to lose an appreciable amount of money. This can

happen, amongst others, in the following ways:

(i) High tender prices being qﬁoted for unrealistically
small quantities reflected in the bill, when wmuch lar-

ger quantities were in fact used, for which lower tender

prices would undoubtedly have heen forthcoming.
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(ii) Ridiculously low prices beinz tendered for small
quantities shown in the bill. If much larger
amounts of iteims pficed in this way are subsequent-
ly used, then the contractod could be seriously em-
barrassed even to the exfent of going bankrupt. Such
an eventuality could seriously hinder, or completely
halt progress of the work, resulting in . very adverse
financial repercussions to the Administration (3.1.14

to 3.1.16).

(iii) The acceptance of a tenderer who was in reality not

the lowest.
(iv) The uneconomic use of the materials available.

4.8.2. Much of the initial work undertaken by consulting engineers in
South West Africa (and for that matter by the Administration as well),.
showed the above symtoms to such a degree, that a much more thorough
materials investigation has for scie time row been insisted upon (3.1.3
to %31.19, and 4.3.1 (i)). Following on tﬂié‘insistence, consulting
engineers using normal prospecting methods, have found that two sepaQ
rate field operations usually become nacessary. In one instance,
between Asab and Wasser in the South, where the investigation was ac-
tually based on the initial production of a soil enginecering map, it
was still deemed‘advisable to undertake a second prospecting operation,
making three separate field operations in all. 4s such additional field
parties are not planned for at the outset, it often necessitates the
alteration of much of the work alfeady completed, and may even render
some ot it redundant. More serious still is the delay caused by such
unscheduléd field prospecting, which has in the past resulted in con-
struétion projects being postponed for anything from four months to =

year.

4.8.%. It is considerzd that the intelligent application of the
teahnique described . is the besf solution to this problem and could
benefit all parties concerned. The Client would benefit from the bill
of gquantities reflecting more assuredly than ever before, the actually
prevailing situation. He would also be in a position to plan the con-
struction programme, and corresponding financial spending, with a grea-
ter degree of certainty. The consulting engineer would have to arrange
his invéstigations from the outset on the basis of two distinct field
operations, but in so doing, would almost certainly eliminate the waste
of time and energy resulting from an unplanned second field prospecting
party. He would achieve a better overall result in a shorter time, and

at a cheaper cost to himself and at the same time would increase his
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early chances of receiving further work from the Client. -The good
contractors, once confidence had been gained,‘would be able to plan
their plant requirements, or plant usage, more accurately and hence

be in a position to price on the same profit margin but with less
element of risk, or, alternatively, to price more competitively on the

same risk basis.

4.9 THE USE OF AIRPHOTO INTERPRETATICN FOR ROAD PROJECTS IN OTHER COUNTRIES

4.9.1. The United States of America is the only country which mskes use
0f soil engineering maps to any great extént, but as the emphasis is on
the reinterpretation of existing agricultural maps, the technique of
airphoto interpretation 1s not always applied. However, every state
using airphoto techniques in the preparation of soil enginéering maps,
still acknowledges heavy reliance on conventiongal methods for the loca-

tion of suitable sources of material.

4;9.2. In recent years a number of countries have also reported a
limiteﬁ amount of work with a similar approach to that described in
this thesis, but adapted to meet their particular local needs. In
both Nyasaland and Southern Rhodesia lateritic deposits have been
detected directly by photo interpretation (Bibliography Nos.1l and 27).
In Southern Rhodesia the 1aterife, or quartiose lateritic gravels,
located overlaying granitic rocks, were reported to be of low plas-
ticity, which finding cor}esponds with that obtained undef similar
circumstances in South West Africa (3.4.5 to 3.4.6). From the
Federation of Malaya, work has also been reported on the direct‘air—
photo identification of areas of lateritic soils suitable for road
construction purposes (Bibliography No. 10). It is interesting to
note that the above thres countries all face problems gsnalognus to

some, 1if not all, of those encountered in South West Africa.

4.10 THE APPLICABILITY AND POSSIBLE FUTURE SCOPE FOR THE TECHNIQUE
DESCRIBED IN THIS THESIS

4,10.2. . Any appraisal of the possible advantages, or disadvantages,
for any particular project, of the use of the technique hereinbefore
described, should take into consideration the conditions pertaining in
the area, and also, whether or not the concept on which the technigus
is based, 1s still applicable. Under certain circumstances there would
be very little, if any, point in using such finesse.. For Qxample, (i)
in the better developed European counties where detailed information

and knowledge is already available, (ii) in areas where the naturzlly

.
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occuring gravel deposits of good quality have already been expended,
(iii) in areas where good quality gravels are abundant and easy to
locate, and (iv) in areas where the geology, including Surface deposits
iftany, is uniform in compositicn and quality in terms of road.building
potenfial. Such conditions obviously do exist, and in gcountries where
they are widespread, the necessity for deviation from established prac-

tices would not arise.

4.10.27 The greatest applicability and future scope for the use of
the technique, lies in the underdevéloped cocuntries of‘the world, and
especially in those on the continent of Africa wherse the concept, and
‘many of the conditions on which the technique was developed, still hold
true (3.2.1 and %.1.2). It is stressed, however, that a limited smount
of training is required, followed by practice until the various steps
of the technique become routine. When this stage is reached the full
potential of the use of airphotos in the present state of the art can
be realised; and under conditions which dictate its use, engineers
should avoid the mistake of lightly underestimating this potential in
terms of ultimﬁte financial benefits. ‘ The technique has already proved
itself in the Territory of South West Africa to the extentlthat it has
been accepted as a routine procedure on all materiais investigations
undertaken directly by the Administration, and also to the extent that
the authorities now encourage consultingz engineers wo;king in the Terri-

"tory to adopt it in part, if not in its entirety.
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APPENDIX A : FIGURES 1 TO 11

Title

Chart for South West Africa.

Chart for South West Africa.

Plan, Windhoek Area.

Plaﬁ, South of Kalkrand. (Sheets 1 and 2)
Pian, Seeis -~ Omitard.

Plan, Klein Omatakos -~ Sukses,

Plan, Sukses - Otjiwarongo. (Sheets 1 and 2).

of sand from old river bed nesar Sukses used

for slurry sealing.

Locality
Locality
Locality

Plan, Otjiwarongo - Otjikango.
Plan, Gaza Line. towards Runtu.

Flan, The Kalashari Gemsbok National FPark.
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APPENDIX C : STEREOGRAMS 1 TO 29 AND MOSATICS 1 70 2

Below is a reference list with details 6f the contact prints

used in the preparation of Stereograms 1 to 29 and Mosaics 1 and 2.

Unannotated contact prints of.stereopairsvand stereotriplets comprising.

Stereograms 1 to 29 are, however, alsc included in appendix D which is

under separate cover, in order to allow 2 detailed examination under a

large magnification stereoscope to be made of features and areas refer-

red to in the text.

S;;Ezgfzam Job No. Strip No. Photo Nos.
Stereogram 1 294 15 4860, 4861
oo 2 " 17 3338, 3339

" 3 " 17 3337, 3338

" 4 L 19 3232, 3233

" 5 " 18 3249, 3250

" 6 " 46 © 15,839, 15,840

" 7 l 49 . 16,985, 16,986

" 8 " 14 3432, 3433, 3434

" 9 wo 14 3429, 3430, 3431

" 10 " 12 3546, 3547, 3548

" 11 502 38 8354, 8355

" 12 " 41 8651, 8652

y 13 " 40 8576, 8577

Z 14 " 42 8772, 8773

" 15 " 37 8247, 8248

" 16 ¥ 36 8171, 8172

" 17 ) 34 7974, 7975 | .

" 18 " 35 8080, _éoal

" 19 " 33 . 7885, 7886

" 20 " 30 7626, 7627

" 21 " 37 8249, 8250

n 22 " 2K6 1288 234

" 23 " 26 7205, 7206 k

" 24 " 23 6973, 6974

" 25 " 24 7039, 7040 |

" 26 " 28 2 &

" 27 ,sggﬁﬁfpn- - 926, 927 | 4

" 28 -Runtu - 940, 941

n 29 5256/62 3 7320, 7321
Mosaié 1 502 34 7976

' " 35 8080

" 2 "5256/62 2 7309, 7310

3 7320, 7321











































































