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ORGANIZATION OF GEOPHYSICAL PARTIES FOR FCREIGN EXPLORATION

1., INTRODUCTION

Spacial conditions encountersd in much foreign work
make it necessary to consider meny factors which are not en-
countered in domestic programs of geophysicael exploration for oil.
Although extremely difficult working conditions are frequently met
in domestic operations by company and contract crews, ths lerge
store of past experience, the availability of fresh supplies, re-
placement or new equipment, end the proximity of the helpful home
of fice make their surmountal more or less a matter of routine,
Contrariwise, foreign operations are frequently conducted under
much more d4ifficult conditions, supplies and equipment can be se=
cured only after long end costly delays, and the distence and in-
eccessibility of the home (executive) office leave practically all
decisions to the party exsecutive, With the rapidly increasing
amount of foreipgn geophysical overations and the world wide
extension in recemt years of this smctivity, it is felt that special
consideration of some of the problems encountered in the organiza-
tion and operation of field parties for foreign service is
pertinent and timely.

Appreciation is acknowledged to Dr. E.A. Eckhardt,

Assistant Director end Chief of the Geophysicel Department, Gulf



-2

Resesrch & Development Company, not omly for permission to present

this paper but also for his helpful criticisms aend advice.

G.,We Lawb and M,W. Teague also were of maeterial assistance.

kMessrs.

All

statements and ideas are strictly those of the writer, and are not

to be interpreted as representing company or executive opinions and

policies,

IT, LOCATION

The rosters of the Society of Exploration Geophysicists

and the American Association of Petroleum Geologists show members

in the folloving foreign countries among others:

Afghanistan Cyprus
Angola Dexmark
Aresbia Dominican Republic
Argentina Ecuador
Australia Egypt
Austria England
Bahrein France
Balgium Germany
Borneo Guetemals
Brazil Holland
Burma Hungary
Canada India
Colombia Iraeq

Cube Iran (Persia)

Italy
Japan

Java
Kuwait
Medagascar
Mexico
Morooco
Netherlands
New Guinea
New Zealend
icaragua
Palestine
Papua

Peru

Philippine Islands
Poland

Roumania

Scotland

Sumatra
Switzerland

Syria

Trinidad

Turkey

Ugande

Union of S. Africa
U.S.5, Russia

Uruguay
Venezuela

While geophysical operations are not being conducted

in all of these countries at present, the activity of American

geologists engaged in preliminary exploration indicates the

probability that geophysical work will eventually follow in the
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majority of them. Practically never is a geophysical program under-
taken until at least reconnaissance, and usuelly fairly deteiled,
geologioal studies have been mede, Obviously, there are large aress,
such as the plains, llanos, selvas or pampas, where surface geology
is handicapped by the absence of surface exposures and of outcrops

in adjacent uplifted areas, When subsurface data are also lacking,
goophysicists must start from scratche Howsver, practically vithout
exception the executives of the producing company or group of pro-
moters have more or less gemeral inforration upon conditions in the
area of prospsctive geophysical operations. Few regions are entirely
uninhebited end information gathsred in trade relations is aveilable
to supplement that furnished by their own advance geologists. The
size of some concessions is amazing, For example, the Standard of
Californiao holdings in Arebia are larger than the state of California,
or over 158,000 sQuare miles.

It is obvious that in the countriss listed above the
widest possible range of physicel conditions will bs encountersd.
These may vary from spargely settled localities in Mew Guinea where
ne.tive labor is almost umavailable, to the densely populated ereas
of Englend, where the very density of the population hinders opera-
tions. While most of these countries (as well as many others wn-
named) mist be listed as prospective territory, the greatest activity
is at present concentrated in the Spenish-American nations and the

Near and Far East, Hence these are the areas to which primary
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consideration will be given in the discussion thet follows regard=-
ing the planning of a geophysical program and the orgenization of
the geophysical parties.

Ae Aveilability of Concessions

Like the FPamous recipe which begins, "First, catch your
rebbit", the availability of concessions and the political considere-
tions attendant upon the assignment and exploitation of a concession
are of first imporvence, While the political phases are primarily
the business of the company exscubtives, the various governmental
policies inevitably affect the conduoet of the geophysical vrogram.
In some instances, vartiocularly in those nations with preseat very
strong nationalistic tendencies, special conditions and restrioctionms
seriously hamper or entirely prohibit foreign development or
activities., 1In practically all cases conformity to certain govern-
mental regulations is required, not only in the terms of the con-
cession, but also in matters of work reguirements, methods of
procedure, end the shere or knowledge which the native administration
has in the conduct and results of the program, Whils as stated,
these questions sre customarily primarily handled by the executives
of the companies' exploration department, close cooperation between
them and those plaming the actual geological and geophysical pro-
grams is essential for satisfactory results. A thorough knowledge
and understanding in advence of special er unusual operating con-

ditions or requirements may save long and expensive delays or even
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mean the difference betveen success and failure.

A favorite exemination question of the late Dr, C. L.
Dake, Professor of Geology at the Missouri School of Mines, was,
"What should be the first step in starting work in a new area?"
The expected answer was, "Find out everything possible about the
area before starting actual work there." Not only wers geological
data included in this study, but all facts that might »ossibly be
of value in the proposed work. HNowhere is this advicece so pertinent
as in a difficult foreign ares vhere cven a little information may
save months of sffort and needless duplication.

B, Climate and Living Conditions

With the present rather unimportant exception of Canada
and the European Countries, most of the areas of primary interest
are either tropiosl or semi-tropical. In the majority of cases, and
partiocularly in the Spenish-~Americes end the Near East where most
of the activity is concentrated, living accomnodations for the field
personnel are not available., Hence the problem of housing and feed-
ing a considerabls number of men under tropical fisld conditions
becames of major importance. In most instances the actual deteails
of the camp operations are handled by the exploration department
of the producing or contracting company for which the work is being
done, If not, these matters will require the full attention of at
least ons man under the supervision of the Party Chisf. These
problems are discussed more thoroughly under the heading, "Equipment

snd Supply Organization".
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Climatic changes in the plains areas of Spanish-~4dmerica
tropics are primarily those due to, or closely associated with,
veriations in the emount of rainfall. In those countriss in the
vicinity of the Caribbean Sea the typical rainy season begins in May
and ends about November. During this period torrential rains fall
frequently. Climatic conditions wvary widely in any country. In
Bast Central Mexico, for example, the damp cold at nights in January
and February cells for thres or four blankets, while during April
and May the writer has experienced daily temperatures of 120°F in
the office tent, which was covered by a fly and shaded by treess,
In the sun the heat was of course much higher. Climate in these
tropics is largely influenced by the altitude ~ with its consequent
effect upon the moislure carrying wind currents. In some unusually
favorable areas, such as the present exceedingly important Lastern
Venezuela llanos, in and adjacent to the State of Anzoategui, geo-
physical operations mey usually be carried on with only slight
hinderance from the seasonal rains. This is due to the well drained,
sendy soil and the comparatively moderate amount of rainfall.
However, conditions vary from year to year, and in such ysars as
1938 when the rains were unusually heavy, operations may be rstarded
to a mere fraction of their former speed.

Lying west of the Venezuelan short grass llanos are the
tall grass llanos of the States of Apure and Barinas, (formerly
Zamora). A heavy soil and torrential rains produced by the proximity

of the Andes Mountains to the west produce entirely different
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operating conditions, Combined with these climatic changes is a
scarcity of roads or trails passable by trucks that rsquire a con=-
siderably altered technigue. In the dry season trucks and cars
carrying geophysicel equipment can maks their way cross-country,
although the mortality in springs will be hesavy. However, when the
heavy rains begin iun this arsa an automotive transported geophysical
crew must hustle their equipment from the back country to escaps be-
ing mired down for months. In many arsas passable by trucks in the
dry season mules become ths only mode of Transport when the rains
begin, Later, they too may bog dowmn and bulls or oxen will transport
the small amount of native frelght moving., Down towards the Colombien
border immense areas stand omns to several feet under wmter and only
native canoes or bongos move over the inundeted tall grass llanos
courtry. In such extensive areas operations during the rainy season
can bs conducted only with marine equipment., DIven then, stroang and
rapid fluetuations in water levels introduce complications.
Illustrative of the amazing lack of preparation into
which even an sexperienced organizetion sometimes slivs is the ex-
perience some years ago of a major company which suddenly decided
to embark uvvon a strong program of geologloal exploration just east
of the Venezuelan Andes., With no thought of the vagaries of a
tropical climate a number of geologists and engineers were shipped
down to start work., They arrived in June and found one of the worst

rainy seasons in years, Consequently, for the next six months several
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high~priced men spent the time bogged down in little native towns
waiting for workable conditions. Preliminary investigation or sven
consultation with any of the many available individuals engaged in
trade or cattle buying in this erea could have easily given the in=-
formation on climetic conditions that would have saved this waste.
Reference to an encyclopedia o a good publication on physical
geography and climate would have given the necessary information.
Thile such lepses are rare the lack of information by the home of-
fices on climatic conditions in areas to which gsophysical crews
are to be sent is freguently emezing., Careful attention to this
feature will pay large dividends.

Even in desert or semi-desert areas near the tropies
such as Kuwait axd Iran in southwestern Asia seasonal veariatjons
in the climate ars a controlling factor in an sxploratory campaign.
For about six months of the year, or roughly from April to September,
a hot wind blows, Even the wandering Bedouin and his herds migrate
from the desert aress until more bearable weather is resuvmed, For
unecclimated forelgners to at tempt to work during this time would
be worse then foolhardy,., Much cen be learned from observation of
the matives! customs and hebits, for while his standards of living,
health and sanitatior may be utterly primitive, the processes of
evolution have taught him how to adapt himself to that particular
environmendt,

Consideration of tropical climate leads naturally to that

of insects. While at first thought it wuld seem that they could
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little affect a gesophysical program, their effect on living condi-
tions and the morale of the persommel is often most important,
There are many individuals who seem constitutionally umable to stand
the constant annoyesnce and irritetion of the swarms of insect pests
usvally encountered in the moist tropics, and whose morele soon
disintegrates under such conditions, Even the most phlegmatic
digpositions acquire an extra edge under the constant attack. The
Eastern Llanos of Veneguvela, fairly well drained and usually swept
by a breeze, ars freer of insect pests than most tropies. The
humid climete of portions of Mexico, western and west-central
Venezuela, Colombis and similar countriss produce an insesct condi-
tion impossible of comprehsension to those who have not worked there.

As a final example of possible working conditions, the
production departments of companies operating in Iran, Arabia, Irag,
and Bahrein must have air-conditioned, speciglly constructed tropical
houses aud various recrcation facilities to make life bearable for
their employees, However, the geophysical and geologicel orews who
preceded them snd who spent months and years finding the oil lived
in tents, usually had no refrigeretion, end for recreation were con-
fined to the ususl e vening poker game.

C. Hoalth

Sickness or injury of a member of a geophysical ocrew in
the Stetes ordinarily meens only the inconvenience of securing a
replacement or perheps doubling up of duties for a short time. Opera-

tions abroad are ususlly conducted with a minimum of Americemn personnel
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and replacements are some thousands of miles, and more importent,
perhaps weeks or momths away. While the airplane has cut down
travel times greatly, the formalities required in many instences
befors work permits, passports end other immigration formalitiss
are satisfisd mey require weeks or even months in some instanoces
before a new man can join the crew., Lacking trained replacements
on the ground, even the temporery loss of & man becomes s much more
serious matter,

As an elementary principle it is obvious that any indi-
vidual selected for foreign service should be in good physical con-
dition. A thorough physicel examination is essential, Typhoid
shots and smallpox vaccinations are standard precautions, Troubles
with the teeth and the stomasch are encountered more frequently under
tropical conditions in a field camp, This is presumably due to the
changed living conditioms, bad water, lack of milk and fresh
vegotables, and frequently the monotonous end perheps rather greasy
diet prepered by the native or Chinese cooks. Individuals with a
"touchy" appendix are werely inviting serious trouble, for in & re-
mote area where communication with hospital facilities may be a
matter of several days or evem weeks, an gppendicitis attack may
easily be fatal, whereas under ordinary oircumstances it would meen
merely a routine operation. Those rsquired to wear sye-glasses
should always carry at least one extra pair, eand also a copy of the
presoription, which can usually be filled in some large city of the

country,
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The twin scourges of the tropies are mnlarial fever and
dysentery., The first is mostly sencountered in the humid trovics
while theo latter seems to be prevalent in all tropical areas, and
particularly where cleanliness and sanitetion are especially bad.

As well known, malaria is transmitted by the female Anopheles mos-
quito, and the only wreventative is to avoid being bitten by an
active carrier, A4s the mosquito is most active at night an inveri-
able rule should bs to slesep under nets, ar if in a permansnt
rosidence, in a very well screensd room which is nightly sprayed

7with an ingecticide as a matter of habit, The usual cure for
malaris is quinine, bteken either by mouth or in shots, and/or the
newer drugs, plasmaquin(e) and etabrin(e). Some individuvals are
ueble to take the latter two, Salvarsan or arsenic shots are also
frequently used to build up the system. The writer, having gone from
over 185 pounds to less than 125 pounds weight in a few months during
a malarial siege cen testify to the nsed of physical strengthening.

Dysentery is of two types, amoebic and fungus, It may
be contracted in a variety of ways, but usually either from contact,
even though very remote, with a carrier of the disease, or else from
eating comteminated food. In many arsas all fresh fruit and vege-
tables are potential sources of infection and require boiling or
treatment with a diginfectent such as a dilute potassium permangsnats
solution., Treatment of the amoebic typs usually requires injections

of emotine, while the fungus type may be treated with a variety of
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medicines, usually bismuth compounds. Stoversall and Chlorodyne,
British medicines developed for the use of their Indian Army, are
much used, MNild cases of the fungus type may often be cured in
the camp by medicines such as Chiniofon, but ordinarily dysentery
required prompt medical treetment.

A variety of infections from insect bites and the like
are frequent., Gusenos (worms) hatched from an egg laid in the human
flesh by a lerge mosquito-like fly, must frequently be sxtracted by
& doctor when located in the more vital portions of the body. In-
Tected tick bites are common, The first rule of health in the
tropics is sanitation end cleanliness, Obviously, at least one
member in auvthority on a psrty, and preferably its chief, should
have had previous experiences under similar conditions. Beyond
the above mentioned few items there are literally dozens of pre-
cavtions that should be taken that only experience can teach.
Practical information the experienced lesder may impart is apt to
renge all the way from the invariable habit of shaking out ones
boots in the morning to dislodge s corpions, centipedes or snakes
thet may have teken refuge there during the night, to the judiclous
observation that most foreign contracts carry the provision that
anyone contracting a venereal disease returns home at once at his
own expense. Of coursse, England, Demmark and some of the Continental

countries have living conditions similar or equal to our owm, and in
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such cases only the ordinary care in preserving health is resquired.

D. Languages

It is obvious that the ability to speak the language of
a country is a great asset, particulerly for those in the more re-
sponsible positions on a party operating there. In countries where
the lenguage is particularly unfamiliar or difficult, such as
Arabia, Iran or Kuweit, it is probable that most individuvals will
acquire only a limited or at bhest, moderate, command of the languvege
in a one or two ysar stay. However, a psrticular effort to learn
a8 much as possible even in such cases should be made, as corrami-
cations and operations through an interpreter are never fully
satisfactory.

The greater portion of the foreign geovhysical explora-
tion for oil is done in Spanish spealking countries and in such cases
any person of ardinary intelligence should soon pick up a moderate
knowledge of the language. It should be practically a requirement
that in operations in the Spanish-Americas those in responsible
positions should be able to hendls the lanpuage fairly well.
Language barriers between the director of the party and his native
labor may be a largs negative factor in satisfactory operations,.

It may be observed in pessing that the lisping Castillien all too
frequently taught in our Americen schools is not the Spanish spoken
in Yhe Spanish-Americas. Typical of the average Americem's lmowledge

of languages, and e ven the teclnical man who should lmow better,
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was that of the official who thought his correspondence to Brazil
should be written in Spenish.

E, Transportation

Accustomed as is the uwsual Americen to the all-weather
highweys of the States, it is difficult for him to realizs the
primitive transportation conditions still existing in most foreign
areas where geophysical work is conducted. Ivea the field man who
has battled the swamps of the Mississippi Delta or the sand hills
of West Texas end New Mexico will be disconcerted to find he may
not even leve the passable roads that always formerly existed soms-
where in the gonerml vicinity of his domsstic projects.

Transportation problems are discussed further under the
heading of "Squipment end Supply Organization". However, it may
be observed that land operetions fall naturally into one of three
methods =

1. Aubomotive 2, Animal 3. Manual

Among ths examples of sach type thet might be mentioned
are: (1) Bastern Venezuela, Kuwait, Saudi Arabia and Irsn (in pert);
(2) parts of Mexico, western and west central Venezusla, parts of
Colombia; (3) parts of the Barco concessionm of Colombia and adjoin-
ing areas in Venezuela, parts of Sumatra, Bornec and New Guinea.

Water operstions, outside of the foreign location, are
apt to be rather simjlar to those in the United States, particularly

the Mississippi Delte aresa,
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Airplenes, particularly the emphibiens, have reduced
to hours the time formerly measured in days or wesks required to
reach a prospective location in cases of emergenciss. Once thers,
however, the actual operations must be conducted by one of these
methods, and it often happens that the same method will have to
be used to travel from the local headguarters to the scene of
opsrations .

It has been frequently demonstrated that the only in-
telligent attack won the transportation vroblem is to design the
equipment for +the specific location and conditions under which it
will be used, To do this requires either preliminary reconusissance
personally, and/or close cooperation with some person acquainted
with the actuel wmroblems of transportation to be encountered.

III, PRINCIPAL TYPES OF GEOPHYSICAL EXPLCRATION

Hore ermd mare it has become ths practice for major com~
panies to map their concessions first by air photos, The advantages
of these maps are too well knovmn to regquire much additional discus-
sion or argucent, although a few points are well worth repsating,

In entirely new country, which is only partielly mapped or geologized,
it is almost safa to say that no metter what the cost of aerial mseps
may be, it will be more than saved by the more sfficient planning of
subsequent geophysical opsrations. Unless an entire blanket coverage
is intended, the aerial maps are used to determine locations of sur-

face structures or suggestions of structures whieh thus furnish a
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starting point of operations, In 2 large snd comparatively unknown
concession this localization of efforts may mean the differsence
between early successful results which vill sncourage the backers
to further efforts, end abandomment of the program bscauss random
shots at such 2 big target failed to produce results in a short
tims , Moreover, the saving in the actuel operations by plaming
them nare effiociently from aerinl maps is very great, Trails in-
visible on the ground can be spotted from air photos. The usual
native guide is familiar only with his own locality and hence can
not compete with this source of information. The adventages of
air photos for purposes of physicel surveys, property, cultursal
and topographic determinations are well-kmown and highly imoortant.
Only the three more usuel types of geophysical methods
will be considered, This will be done briefly, as thelir applice-
tion is larpely a mabtiter of individual company policies, They are:
1. Magnetic

2+ Gravimetric
&+, Pendulums
b. Tarsion Balances

Ce Gravimeters

3. Seismic
8. Refraction
b. Reflection

The three usual geophysical msthods are listed roughly
in the order of the amount of detailed structural information ob-

taeined from sach of them. This is of course practically identical
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with ordinary operations in *the States. The magnetometer is a re-
conmaissance instrument, useful in determining the attitude of the
basemsnt. Its use has greatly declined although it still has its
place in foreign exploratory programs as a rapid and inexpensive
method where large and unkmown areas must bs covered in a minimun
of time, It is readily transportable by any of the three langd
methods .

Of the gravimetric methods the grevimetsr is now prob-
ably the most copmon, although some of the various types of small
pendulums of French or German make are frequently used, varticulerly
by some of the Buropean companies. Torsion Balances are still
used to some extemt, although not as they were at the height of
their popularity about 1930. Probably the number of Torsion Belances
in use in foreign areas is considerably greater proportionately than
it is in the Stetes. This may possibly be due to their greater use
by European compeunies. Ground coverege, accurscy, ease of operation,
amowtt of Swrveying per obsarvation amd other factors greatly favor
the Gravimeter, For best results mounting in & light truck or boat
is preferable although it may be transported manually. Its shape
and size do not readily lerd itself to packing or animals.

Apoplication of the refraction and reflection seismograph
methods are very similar *to thoss in the States. However, success-
ful reflection shooting uswally requires the use of a drilled shot

hole, If one of the truck-mounted drills is unable to navigste,
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recourse must be had to one of the mortable drills such as the
Evinrude pumper. However, thers are many areas, such as interior
Mexico, where outcropping and nsar suarface hard formations are ‘oo
dgiffiocult for any light drill, In such instances rscourss must be
made to water holes and streem bsds for shot points, and successful
shooting may thus be limited to the refraction method. Seismogreph
instruments way be transported by eny of the various methods,
Haterial advences have been made within the last very few years

in reducing the size of the amplifiers, recorder and detectors.

The transportation of dynamite, particularly in refraction shooting
wnere 1500 - 2000 pounds or more e day may be used, may become one
of the largest problems in difficult areas far from the base of
supplies.

IV. PERSONNEL

The speed and success of practically any foreign peo-
physical program, regardless of the type, is largely determined by
the character and quaelity of the psrsomnel. Indifferent, trouble-
mgking, or mediocre men on domestic projects can bs replaced when
dosired, but these sams individuals on a foreign project have a
powerful advantage in the knowledge of the fact that their replace-
ment would be a very slow and costly process and that their summary
dischargs would in all probability mean an indefinite suspension of
operations, For this reason the persommel of any foreign party
should be sslected with the utmost care. If a choiece should have

to be made between character and ability the choice should lie with



the perhaps slightly less capable individual who has demonstrated
his dependability rather than a possibly more brilliiant specimen
who quits when conditions become tough.

Jleny formalities must usually be observed to secure ad-
mittance of the American persomnel. Besides the usual passport,
kirth certificate, and medical requirements mny countries of
nationalistic tendencies now heve a vide variety of restrictions
on foreign technicians., Usuelly it is necessary to show that the
presence of any particular man is vital to the operation of the
party.

If at all possibles the party chief of any geophysical
crew, whether magnetic, gravimstric, or seismic, should have had
previous foreign e xperience. While it is adventageous if the
former e xperience has been in the same counbry, the next best
substitute is experience under similar conditions. Only one who
has previously met at least some of the different problems en-
countered under these circumstances can comprehend them. Diffi-
culties with an unfamiliar language, arguing, cajoling, bluffing
or somehow persuading & irequently indifferent or slow customs'
office to permit the passaze of equipment and supplies, handling
netive labor, and looking after the health and well-bsing of party
members ars problems not encountered in routine domestic operations,

Geophysical programs, whether by contract or company
crews, are ususlly conducted under the direction of the geological

department of the producing ocompeny. It very fregquently happens
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that the geologists, though entirsly competent, are wmfamiliar with
the details and requirements of geophysical operations., Iuch
friction between geological and gsophysical departmsnts, varticularly
in the case of non-compeny crews, cen easily be arocused by a lack of
cooperation or diplomacy., A studied policy on the part of the
party chief of carefully end fully explaining the reasons tfor the
various acvivities and reqQuirements aof the geophysical operations
is of the utmost importance, While it would appear that the necss=~
sity of such & course is obvious, examples to the contrary are all
too {frequent,

As previously stated, geophysical crews woriking abroad
customarily operate with & minimum of trained American personnel,
The lesser positions are usuvally filled by natives or other men
picked up on the ground, Hence it is imperative that in the case
of key positions such as instrument operabor and geophysicist somse
other msmbers of the crew should be competent at lsast to carry
on their duties in cases of en emergency until a replacement can
be secured. In the case of seismogrsph crews a radio men is often
capable of "Doubling iwn Brass" to the extent that he may replace
the regular opsrator or shooter at wills The assistant geophysicist
should also be capable of substituting for the geophysicist, and
in practice should and does carry on the routine interpretation and
computing, thus permitting the geophysicist to devote most of his
time to program plaming end general administration, although at ell

times keeping & close check upon the interpretation.
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In domestic operations the positions of party chief and
geophysicist are sometimes filled by different men., However, for
foreign work it is the firm opinion of the writer then the functions
of both must be handled by one individual for efficient operations.
More or less routine details of fleld administration ere quite
properly delegated to the operator and of interpretation to the
aggistant geophysicist but the general authority should vest in
one man., 1t is understood that the party chief has at lesst o
warking kmowledge of the dutiss of each position on the party.

The operator should obviously be a man thoroughly familiar
with his instruments, and should know not merely the routine operation
of them but should be conversent with their principle, He should be
able to reconstruct from spare parts apparatus damaged or partially
destroyed in the inevitable mishaps sttendant upon work under diffi-
oult conditions, His ability along this line may well mean averting
a long snd costly shutdowm.

One of the most valusble men on eny crew and one now
generally included in all personnel selections is the mechanic. FRe
should be not only a good shop men, capable of handling the tools
in & mechine shop, but more important, should be a real "hendy man"
emd able to perform a required job with the limited facilities
usually available., On parties using automotive or marine equipment
the mechenic is of course indispensable in keeping the equipment jin
operation., However, even with snimsl or memual transportation, there

is a definite need for a good handy man, Personal evidence of the



Pl

value of such a mechanic was afforded the writer on a mule-trans-
portation seismograph project., Using only a breast drill end
gsimple tools carried in his field kit a smell lathe was constructed
and repairs were made to a battery charging motor which saved an
expensive shutdovwn of two weeks.

Shooters on a seismograph party may possibly at times
be developed from nstives, or found among the wendering Amsrican
miners or construction men encountered everywhsre, who have had ex-
perience hendling dynamite. However, the volicy of using trained
men is decidadly preferable as so much of the safety of operations
depends upon the powder men. Also, the now general requirement that
the shooter must be able to opsrate radio transmitting snd receiving
equipment at the shot point gemnerally rules out the umtrained man,

Surveyors may be sn actual part of the geophysical crew
ar may merely be detaeiled to it by the production company for which
the work is being done, The former procedure is usually preferable
as surveying should come directly under the suthority of the party
chief for nost setisfectory results. It frequently happens that
surveyors may be found locally, either from the natives or from
more or less itinsrant American engineers who may be encountered
almost anywhere. While these may be used to supplement the regular
persomel the quality of work required demends the services of
thoroughly reliable and competent surveyors. In the States with an

established system of known boundaries and tiss, a rather mediocre
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surveyor may perform the required duties satisfactorily enough.
However, in the unsurveyed and sometimes unexplored arsas covered
in foreign opsrations a base system of coordinates end triangulation
networks must usually be established upon which all subsequent
locations are made, The astronomic and solar observaetions and the
development of the grid system cell for engineering informetion
beyond that of the run-of-mire surveyor. The party chief should
likewise possess at least a working knowledge of the engineering
requirements. In passing, it may be observed that the engineer
will probably have to be the hardest working man on the varty,

The old adage stating the harmful sffect of "One bad
apple in the middle of a barrel of good apples", may be strongly
exemplified by the presence of one trouble-meking individuel on a
party. The strain of operations unrder difficult conditions and
unconforteble living accommodstions, constant anncyeance by insect
pests, and worst of all, snforced periods of idleness bscause of
unfavorable weather conditions, will develop sharp edges in or-
dinarily congeniel dispositions, The presence under these condi~-
tions of one disgruntled men desirous of promoting trouble for the
party manragement mey be the leaven which chenges an ordinarily
cooperative crew into a bunch of discontented individuals and
cliques. The trouble-meker may be in that frame of mine because
of salery discontent, living or working conditions not as expscted,

or for any one of wvarious reasons, the most frsquent of which is
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plain jsalousy of the superior position of the party management.
‘While 1t may appear that excessive emphasis is placed upon this
subject, the occurrence is so common and so serious that its im-
portance cen hardly be exagrerated. Bxcept in serious cases, word
of the friction rarely reaches the execubive department back ixn
the Staves, as the party mansger is to a large messure forced to
vasgs over and ignore unpleasantrsss in order to continue production.
In ordinary circumstances in the States such a trouble-meker wvould
be surmaerily discharged, but he knows, as well as the psrty menager,
that the time and difficulty required for his replacement meke that
course practically impossible sxcept as & last resort,

The question of the choice of psrsonnsel for a foreign
party to operate under difficult conditioans is s major exscutive
problemn, The character, demonstrated ability, and past racord of
the prospect are the major considerations., If he has weakened or
guit under tough conditions before the chances are good for a
repetition of the act, Frankness es to conditions o be sncountered
is essential, for nothing angers the entire persomnel so quickly as
to find living and working conditions not as renrasented. If told
before starting the job that it will be difficult, that the camp
will be remocbe, that weather and insects will be bad, and that
recreation opportunities are practically non-existent, some
prospects mey refuse tw go. Those who do accept, however, do so
with an understanding of comditions and are much more apt to see

the job through in & cooperative spirit.
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Salaries for foreign operatims are customerily sub-
stentially highsr then for domestic work and usually include
ordinary living expenses, However, the best attraction for the
higher quality man is the promise of preferment in promotion upon
his return to the States after the completion of the foreign pro-
ject. It is needless to say that such pramises nust be strictly
kept because of future relations, if for nc other reason.

Tre aestion of whether merried or single men are to be
chosen is a most vexatious ons. While the single men have fevey
home ties and cen travel at will, the majority of the older and
more experienced men required in the key positions are usuelly
merried, Unless living accommodations for the wives ere availeble
in a nearby city or permanent camp, their presence on & foreign
perty living in a field cemp is most generelly not feasible,

Repeating previous statements, while only thoroughly
competent men are sought for foreign assigmments, the largest single
qualification is the demonstrated character of the prospect. This
is particularly true on the more diffiocult projects, Too many can-
didates for the positions are youngsters with ideas of romence,
adventure, and travel. Actually, the romance is usuvally very dark,
work and not adventure is the purpose of the job, and the travel
portion is only incidental and eventuelly becomes tiresome if done

on ones own legs or the back of a hard riding mule,
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V. BQUIPMENT AND SUPPLY ORGAWIZATION

Aes General Considerations

Ths design of geophysical instrumsnts is strictly a
matter of compeny informetion. Hence, no attewpt at its descrip-
tion is included except for broad statements of certein modifica-
tions in design for the purpose of adapting it to one of the three
previously stated general classes of land transportation, i.s.

1. Automotive 2, Animel 3. Hanual

Water transported projects abroad are much less numsrous
than those an land. Moreover, the marine eguipment required for
fareign operations is very similer to that now used so extensively
in the Louisiana ard Texas Gulf Coast. As boat and truck mounted
instruments are normally readily interchangeable the same general
remarks apply to each type.

The basic principle of squipment specifications for most
foreign service is the fact ‘that it will probably undergo very hard
usage under unusually difficult conditions. Hence it should be as
sturdy and simple as possible, end with all parts readily exchenge-
able and sasily replaced when the inevitable deterioration or ac-
cident occurs, Closely paralleling this feature is the requirement
that a complete stock of replacement parts and supplies adeguate to
meet prectically any emergency should accampany the original
equipment,

It is obvious that the oclimate of the prospective terri-

tory is a major factor in the design of all equipment. The very
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humid conditions encountered in most of the Spanish-Americas re-
quires the use of special moisture-resisting seals vwherever
possible. TIransformers, condensers, vibrators and many other
varts quickly fail if not oprotected. In dry, dusty areas such as
rany of the near Bastern countries provision must be made as far
as possible against the infiltration of rfine dust particles which
will penetrate the most minute openings. In all tropical countries
photographic supplies should be troplcal-packed. Recording paper
or film is packed in sealed foil. containers which exclude air and
dampness, and even the temperaturss of 120° - 1240°F frequently
encourtered have no immediate e ffects. Deterioration wunder these
temperstures is somewlet more rapid, however.

The necessary tools for making any required repairs should
of ocourse be included. In a fow instances shop facilities may be
available near the scene of opsrations, but generally the whole
range of repair work must be accomplished by the equipment ot hand
and the initistive of the party members, Selection of the tools
should be done by <the party mechanic end some individuel familiar
with conditions in the prospective country. In some instances it
may even be possible or preferables to purchase tools and certain
supplies in the larger cities of the prospective country. While
an wnduly burdensome amount of tools and repair parts should be
avoided the supvly should be adequate for any possible contingency.
Cne single day's shutdown of operations may represent the loss of a

greater sum than the cost of en emtire stock of tools.
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The entry of equipment and supplises into a foreign
country is often a slow and difficult process, Under all circum-
stances it is a taesk requiring a thorough knowledge of the customs!
formalities and regnulations. Ownership pepers, as well as complets,
detailed desoriptions and specifications of all material are es-
sentizal, Tn most ports of entry the servieces of Custams Brokers
or Agents are pactically essential for material accomparying the
party, end particularly for subsequent shipments. These firms,
which specialize in expediting the passags of goods through the
ocustoms in each direction have the information, experience and
contacts required to secure reasonably prompt service. ZExport as
well as import regulations add complications in most foreign
courtries. The maneYia spirit which apparently guides the actions
of many afficials in that service in some countriss may leave badly
nee ded supplies lying untouched in the customs*® warehouses for
months unless oconvoyed through ths mmze of regulations by the
brokers,

B. Automotive Transported Equipment

The majority of foreign geophysical operations are con-
duoted by the use of automotive esquipment. Roads are usually few,
trails are soarce, snd most of the work is done cross-country, yet
the Amsrican-made cars and trucks stend up under the excessive
punishment surprisingly well. An excellent object lesson in the
requirement of sturdy transportation units was recently afforded

by a certain Huropean electrical party which came to Eastern
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Venezuele to conduct some experimental surveys in the same sres
over which American seismograph parties have been operating for
several years., With their equipment carried by light Suropean
cars and trucks, orly about two months of the rough, jolting usage
were required to put their transvortation units comvletsly out of
commission,

The usuel mkes of cars and trueks used are Fords,
Chovrolets and Plymouths, with some Intermationals and an increas-
ing number of Marmon-Her rington converted Ford 4-wheel drive units.
Fords heve aspperently given the best performances as the great
ma jority ere of that make. Magnetic and gravimetric surveys are
usually conducted with lighter trucks or pickups. Hence the dis~
cussion of seismograph transportation wits also covers their use
for the other two types of exploration,

Seismograph operations usually require the use of drilled
shot holeses A few Amsricen menufacturers have developsd the truck-
transported drill to a state of perfection unapproached, and
practically unattempted, by foreign truck makers. While shot hole
and core drills are produced by other manufactursrs the grsat
majority are produced by the George E., Failing Company, of 5nid,
Oklahoma end the Sulliven Machinmery Company, of lMichigsn City,
Indiana. Their wnits are customarily mounted on Ford trucks,
though some Marmon-Herrington 4-wheel drive Fords and FWDs are also

used,



=30=

Brief specifications condensed fram the Sulliven
catalogues of their three drills usually used for shot hole or
core drilling are snumersted herewith:

1. lodel Mo, 36 Drill

The camplete unit consists of a rotary drill with built-
in hoisting drum, 3" x 30" twin hydrauwlic feed cylinders, two speed
transmission, Fi{ 3 1/2" x 4" siush pump, folding 17 1/2' single
sheave stesl mast with hydrauvwlic 1ift, closed oil system with
positvive displacement, rotary oil pump -~ all mounted on a bolted
and welded structural siteel frame for factory or fisld mounting
on & short wheel base 1 1/2 ton truck, Powsr is supplied by the
truck engins and power take-off wiith separate clutches for the drill
uwnit and the circuleting pump. Feed can be quickly converted from
hydraulic to kelly by inserting kelly bushings in place of chuck
jams, Capscity is 800! of 2" care, or 350' of hole for 4 3/4" casing.
Weight mounted is 8800 pounds.

2, Model No. 37 Drill

This is a heavier versiom of the No. 36 Model. The prin-
cipal changes aret A 25' double sheave mast, the usual use of a
separate powsr unit drive for the drill proper, hydraulie pump for
hydraulic feed, mud pump F x F 4% x 5", thres speed transmission
rotary table. Capacity is 1200' of 2" core, or 850" of hole for
4 3/4" casing. Weight mounted is 11,000 pounds,

3. odel No, 41 Drill

This is a heavy duty rig which includes multiple speed
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reversible rotary table equipped with hydraulic feed snd automatic
check, mud pump F x G 4 1/2" x 6", power drive from single or dual
enginese Iwin hydraulic cylinders of the hydraulic feed are
4" x 36". Capacity is 2000' of 2" core, or 1200' of hole for
4 3/4" casing., Weight moumted is 21,000 pounds,

An even heavier portable Model, No. 51, with a capacity
of 3500" of 2" core or 2000' of hole for 4 3/4" casing is also
produced for deep care and structure drilling. Its weight is
37,500 pounds,

For use wnder very difficult surface conditions the
various drill menufacturers arrasnge fittings for mounting on
crawler tractors, With the use of caterpillar units any area cen
be traversed in which swamp or water conditions sre not too diffi-
cult, or where the time and labor required to open trails through
wooded ar jungle country are not excessive,

The emount of footage that can be drilled under favorable
oonditions with a truck trangported shot hole drill is truly amazing.
Six to eight holes 60 to 70 feet deep are regularly drilled in an
eight-hour tour, including the reguired moves and time for digging
slush pits, Ome driller, his assistant and/or wmter truck driver
customarily constitute the crew. A water truck equipped with a
casing pulling device, usually a mast arrangement, customarily ac-—
companies the drill unit. An extra truck or pickup is also sometimes
used, All trucks are equipped with winches of various designs. Very
heavy duty tires, usually duals, budt sometimes triples or extra large

singles, ere used. Mud tread tires are customary.
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It is of inberest to observe that in some dessrt or
semi~-desert countriss shot holes in meny cases heve been later
utilized as water wells by the native populace.

Seismogreph instruments are customarily transported in
speciaelly revamped 1 1/2 ton panel body trucks, althouch some few
orgsnizations use & form of trailer. Heavy duty tires, sither
duels or over-size singles with mud treads, ere used. Puncturs-
proof tubss are essentiml in thormy, rouvgh, or stony areas.
Winches are a necessity, preferably those driven by a vover take
off« Wire or cable trucks, if used, are usually one-half or one-
ton capacity. liiscellansous trucks, pickups, station wagons, end
sedans are used for the surveyors, pvarty chief and other members
of the crew. In difficult areas winches are nscessary.

C. Animal Transported Equipment

Geophysical eguipment is frequently transported by animal
power in diffieult areas, Carts or wagons may be used if the
country is fairly open or if passable trails already exist, or can
be cut vithout too much difficulty. Horses, mules, burros or oxen
may be used to pull them., In a tronicel environment, mules vith-
stand climatic conditions and poor forage better than horses and
are much faster than oxen. Moderately open and developed areas
such as Trinidad, Cuba and the West-Central Venszuelan Llanos are
typiocal areas in which mule carts ere customarily used for Trans-

porting geophysical instruments, supplies and camp eguipnment,
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The design of geophysical instrumsnts to be transported
in cearts ordinerily is little different from conventional truck-
carried epparatus. Provisions to ebsorb the jolting due to the
rough terrain usually traversed and the lack of springs in the
carts is the mein consideration., Small portable drills, both the
usval rotary type for ordinary digging and cable tools for hard
rooks, are made in sizes transportable in carts., They may be
reedily disassemblsd into varts of a size that can be handled vwith-
out too much difficulty., Using 1" drill rods and a 3" to 4" fish-
tail bit they can produce 100 foot holes in reasonable time under
ordinary drilling conditioms, The Evinrude Pumpsr is one type of
a quite light, portable drill, Lack of weight is of course the
chief diffioculty in drilling hard or tough rocks.

Speocial provisions for developing seismograph records
must be made when the conventionel truck dark room is not available.
The usuael equipment consists of a case in which are fitted four
covered cans containing the devel oper, fixer and two wash vaters.
This case 1s covered by a dark bag fitted with erm holes, All proces-
ses are done by feel, supplemsnted by timing, Under averags field
conditions where no temperaturs cantrol is possible this requires
quite a knack., However, it is one routine operation for which an
intelligent native can usually be trained.

There are many prospective areas where topography, terrain

conditions, end vegestation are too difficult for the use of animal
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drawvm wheelsd vehicles, but where they ere not so extreme as to
require porters, 1In such cases, vhich ere encountered rarticularly
in meny of the Spanish-American countries, operations are conducted
with swrprising speed and efficiency by the use of animel packed
equipment. Although horses or burros are sometimes used, mules
are ordiparily employed, for as previously stated, mules withstand
difficult conditions better than horses. While burros have great
resistance, due to their short legs they mire in the mud more easily
than mules end are more apt to lose their footing while crossing
rivers, Their load capacity is also less.

A few fundamental principles govern the design of any
equipment to ve transported by pack mules (or other animals). Ths
total load per animsl should usually not exce=d 200 pounds, This
total must ordinarily be evenly divided into equal loads on each
side. Moreover, sach of these should be of such a size and shape
as will be best carried by the emimel, and also be susceptible to
quick and convenient packing and vnpacking, It is with difficulty
that one single, heavy load can be satisfactorily packed on one
animal., The container ceses mist be adapted to the customs of the
native enimel handlers in the prospective sountry, for while it may
appear far Tetched to design geophysical equipment to a size ac-
coptable to some unknown, remote amd obscure "mule-skimner" some
thousands of miles away, the hard fact neverthsless remains that

sventual ly nati ve mule packers will have to bs depended on to
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transport saf'ely veluable end delicate instruments. In Hexico,
for exempls, aparejos or pack-saddles ere ordinarily not used, in-
stead two thick pads laid across the animel's back receive the
loads. These are fastened by separate cinches end ride high up
on the enimal's sides. The carrying cases are thus tilted at an
angle of about 50° from the vertical, This seemingly unimportant
factor means that all eguipment inside the carrying case must fit
very tightly and must not be injured by the tilting, Further,
the pack boxes riding on these pads have a very definite optimum
size, vhich is determined by the size of the enimsl. Paclk boxes
gbout 10" wide, 18" deep and 24" long have been determined by ex-
perience as being the most suitable size, This is approximately
of the same dimensions as the ever-present gasoline or kerosene
packing case holding two b-gallen tins which is found everywvhers,
and which is much utilized by the natives. Thus by a seemingly
round about and remote chain of circumstances thers is determined
the size and shape of a container which in turn pleaces the meximum
limits of size, shape, and weight that must be observed by the de-
signer of geophysical apparatus. Articles thet do not rave to be
packed in containers of course may exceed those pack box dimensions,
as for exemple, tents, cots, etc.

Any attempt at sn edequate discussion of the many problems
involved in the design of equipment for an animel packed party is

far beyond the scope of this discussion. That the instruments must
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be wnusuwally sturdy and capable of withstending severe and or-
dinarily unexpscted shocks and treatment is an unescapable fact,
Somg time or other during the course of an ordinary job it is a
practical certainbty that each and every piece of equipment will
be bucked off of en obstreperous pack muls, dropped by e packer,
and/or submerged while fording a river. Added to these are or-
dinary occurrences such as bumping packs against trees snd rocks
along trails, wetting by sudden rains when the pack covers are not
in place, end many other hazerds that a geophysicist doing only
routine work with truck equipment in the States can scarcely
comprehend.

Drilling equipment transportable by pack mules represents
a further reduction in size and weight from cert or wagon squipment.
Portable, knockdown, motor driven drilling egquipment capabls of 100
foot holes under ordinary conditions is available. The mud pump
end engine usually constitute the heaviest and most awkward pieces.

Transportation of camp equipment and living accommodations
for the Amsrican and technical personnel, as well as that for the
native labor, also represents a very large problem, This may either
be supervised directly by the party chief through his native foreman,
or in oconjunction with men from the geological steff who ere ept to
be accompenying the party., For exampls, consider a seismograph
party that may be operating in one of the Spenish-Americas, as

ifexico. It will comprise about a half dozen members of the
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zeophysical varty proper, tvo or three enginesrs and geologists,

a permit man familisr with both the ordinary natives and the
verious Indien groups, and enywhere from 20 to 50 vermanent native
laborers. Additionsl trail cutters, etc., may be picked up locally
e8 the work progresses fromone Indien villege sphers to another.
Bven with each American’'s personal effects limited to helf of one
stendard size pack box, & cot and bedding, (no folding chairs, ete.)
a very lerge number of pack mules is required to transport the bare
essentials of apparatus end living eccommodations. Cownting saddle
mules and those required for a four or five day pack of dynemite
from the end of truck traunsport, z total of 100 to 150 mules will
be kept busy at 21l timss., Swpplying food end pasturs for this
many animals is in wany locations an excesdingly difficult task.

D. Manually Transported EqQuipment

As working conditions become successively too difficult
for ordinary trucks, 4-whesl drive trucks, animal drawn carts end
vagons, and finally for pack enimals, the last recourse for trans-
vortation becomes man himself, The design of geophysical instru-
ments that can be packed by porters is not very different from those
that are to be packed by mules., If the topograephy and terrain are
not too extremely difficult a good, well fed porter can carry about
80 pounds. While a pack mule can ocarry 200 pounds, it must usually

be distributed in two packs, ome on either side. While bulky, heavy
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erticles such as tents may be carried much easier in one piece by
pack animelsg, it is evident that in case of unescessity porters cen
transport the materisl for a geophysical program under any condi-
tions where & men can walk or wads.

Areag in which porters rather than paclc animals must
ordinarily be employed ars fortunately limited. Parts of the
Spanish-Americas such as sections of the Barco area of Colonmbia,
end parts of Borneo, Sumabtra end New Guinee constitute the prin-
cipal locatlions where geophysical work using this method is new
being actively pursueds The usual reason, and particularly so in
the Wetherlands Bast Inmdies, why porters rather thean animals must
be used is that the wvery thick jungle, bad swamps and standing
water cen be traversed only by men. 1In such areas, the numder of
combined porters and brush o tters may reach 200 to 400 men for a
gravity perty. For a seismic party, and particularly if much
dynamite must be used, that number would be materially increased.
Even so, anly the barest necsssities for shelter and food vwould be
carried for the party, Amsrican and native alike.

Menually portable drills for shot hole drilling have
been developed and are in use both gbroad in some of the very
difficult arcas of the United States, as the Mississippi Delta.
Thesse drills and battery charging equipment usually represent the
heaeviest end most bulky apparatus that cennot be conveniently dis-

asssmbled further.,
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VI, SUMMARY

The world-wide search for petroleun has creeted a de~
mond for American personnel and equipment for geophysical operations
abroad wmder different, and frequently much more difficult conditions
then those to which they are accustamed in mors or less routine work
in the United States. A very brief consideration of some of ths
unusual factors involved has been the purpose of this paper,

Passing over marine work, vhere operating conditions
are generally similer to those in the United States, special problems
encountered in each of the following typas of transportation were
considered: (1) Automotive; (2) Animal; (3) lanual.

Pergonal e zperience, or close contact with someone having
a practicel knowledge of actual conditions to be encountered, is of
the utmost necessity in the practical design of the sguivment.
Ruggedness, lightness, compactness and durability in the instruments
(particularly for animal end menwel transportation), must be empha-
sized to a greater extent then in domestic operations. Availebility
of replacements is vital vhen an unexpected requirement might cause
a prolonged and very expensive delay while the part is being sscured.

Important as are the specially designed instruments for
difficult foreign work, they are less vital to the success of such a
program then the quality of the personmel camducting the work,
(These statements are meant to apply only to the difficult aress, for
geophysicel work is a&lso being conducted in foreign countriss where

an unfeamiliar lenguage is practicel iy the only hardship.) Living
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under the difficult conditions often encountered, particularly
when the sguipment must be packsed by enimels or men, calls for
qualities in the 3ersonnol not posssssed by many individuals, It
is for this reason that the selection of the personnsl) for diffi-
cult foreign projects is the most important part of the executives!
duties. Although instruments may be designed to mest thess special
requirenments, the most important factor in the success of the party
will be the capabilitiss and the intestinal fortitude of the men
who operate them for many months wnder strsnge end difficult

conditions.
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Trensportati on

Yater Truck

35
21
18
27
15

25
32

39
22

27
14

27
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Feiling Yo<el 36 Drill
for Sand or Swamp

Failing Model 44 Pailing Caterpillar -
Shot=-Hole Drill Wourbed Drill

Failing liodel 45
Shot=Hole Drill
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Seismograph Pack Trein
Fording a River.
Spanish-imerica

Seismocraph Pack Train
Spanish-/rerice.

Typicsl Jungle Country
Sparnish-5rcrica

Seismograph Shobt-Hole
Drill = Vsnezuels.

SeTe—




A Combined Geophysical
Paxr+ty Ready to Leave
far the Near East
Sun Printing Frame in
, a Geophysical Camp in
Seismograph Shot-Hole the Near Sast
Drill - Venezuwela e
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Typical Seismograph
Instrunent Truck

Geophysi cal Cemp.
The Near Bast.

Seismograph Operations
Eastern Venezwsla
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Failing Model 44
Drill and Water Truck

!_ Typical Eestern Venezuela
' Llanos (Plains)

Typical Kuwait
Desert Topography




T

Camp - Colombia

Seismograph Camp
Jastern Venezuela

R e

Airplans Connections.
Jasbern Venezusle Seismo-

graph Camp.
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Seismograph Field Cemp .
Spanish~Americe

Native Lebor Cemp.
Venezuela - Note Hemmocks
with ifosguito Nets

Typicel Seismograph Setup.
Mule-pack Instruments.
Spaxnish-America.
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Seismograph Houseboat and
Launches. Colombia and Ven.

Seismogreph Supply Bongo
Venezuela - Colombia

Seismograph Houseboat was
Tied up in 6' of Water at
Night. In Morning it was
4' in air. Aracua River
Between Colombia and Ven.,
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Native Labor -~ Colombia

Suddenly Flooding Rivers
are Hazardous - “lexico

Swimming Seddle Mules
Aoross a River.
Spanish-America.
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Aassembling Muls Pack
Seismograph Bquipment.
Spacish Amerioca.

500-1b Refraction

Shot in Mud Hole.

Spanish America,
500 1b Refractionr
Shot in River.
Spanish Amevri~~,

Amsrican Seismograph
Camp.Fote Mosquito
Nets.Spanish Aneriea.
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Kuwalt

Yoving MNule-packed Comp.
Spanish-America.

Jungle Along Pastsrm
Tenszuele River (Mote
shotpoint)
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