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Prefatory Letter from the Earl of Balfour o Sir Jobn Cad-
man, the Chairman of the Anglo-Persian Oil Company.

WHITrTINGEHAME HOUSE,
HADDINGTON,
ScorranD,

September 26th, 1927.
DEear Si# Joun CaDMAN,
- I am vety grateful to you for sending me Mr.
Williamson’s admirable work, “In a Persian Oil
Field.” You tell me that this is due in part to what
T said at the Mansion House in one of the many
speeches which I have made upon the application of
science to industry. If this is so, 1 atn indeed to be
congtatulated; and I am sure that those who share
my views on this subject will detive, as I have derived,
much satisfaction from reading this Iucid exposition
of a patticulatr case in which science and industry
have successfully co-operated.

Yours sincerely,
BArrour.






INTRODUCTION

TuE sub-title proclaims this book to be a study in
scientific and industrial development. So many pub-
lications dealing with science in industry have been
issued in recent years that, pethaps, some explana-
tion, if not excuse, is desirable for this addition to the
number. Most of the contributions to the subject
Imve approached the question on general lines and re-
inforced the atgument by illustrative examples drawn
from several selected industries of from numetous
industrial fitms. The method adopted in the follow-
ing study is the reverse of this process; it is to des-
ctibe, as a conctete illustration of the applications
of science to industtial development, the work of one
cotpotation only, the Anglo-Persian Oil Company,
in one industry, the oil industty, and to treat the sub-
ject in such a way, it is hoped, as to lead to an appre-
ciation of what is implied when we speak of the indus-
trial applications of science.

If practice is better than precept, it may be that
the study of how an individual cotporation has assi-
milated scientific knowledge and methods into its
industrial otganism may be a useful complement to
the studies that work down from general considera-

9



10 Introdnction

tions {0 numerous patticular instances. The method
of presentation here adopted, by cnabling the record
to take on something of a nattative form, may give
to the subject matter an added, because an almost
biographical, intetest.

The main object of this study, then, is to show, in
broad outline only, the extent to which the Anglo-
Persian Oil Company has applied and is applying,
especially in Petsia, scientific knowledge and scientific
methods in the oil industry; and also to describe, as
integral patts of the same stoty, though again in out-
line oply, some of the industrial, educational and
social developments that have arisen, and have been
sedulously cultivated, as natural outgrowths of the
Company’s work.

It is not the puspose of the writer to tell again the
story of the D’ Arcy concessions, of the long, indomit-
able and ultimately trivmphant efforts, made in the
face of great discouragements, to {ind the oil which it
was suspected was 1o be found in Persia. That roman-
tic story bas been told before, Not is it the purposc of
the weitet to desciibe the initial pioncering ditficultics
met with in the eatly yeatrs of the Company’s work.
That story has also been adequately told already. Ix
is with other aspects of the activities and achieve-
ments of the Anglo-Persian Oil Company, mote pat-
ticulatly in Persia, that this essay is concetned.

The following pages will, it is hoped, show cleatly
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that the financial profits made do not constitute the
most important achievements of the Company and
that, in any case, the commetcial success that has been
achieved is due very largely, pethaps predominantly,
to the consistent and continuous application of
science, in the widest sense of that wotd, to all, ot
nearly all, the activities of the Company.

Such an account is especially desirable in these
days when statesmen, scientists, captains of industry
and others are proclaiming the need for a more ex-
tended and mote intensive application of science to
industtial problems. If the record of what the Anglo-
Persian Oil Company has done in Persia can be faith-
fully and adequately told, it may help, in some measute,
to bring about a better and keener appreciation of
all that scicnce may do for industry, and must do for
British industry if, in the stress of intetnational com-
petition, British industty is to survive.

The writer was invited by the Chairman of the
Company to make a visit to Persia, in order to study
on the spot this aspect of the Company’s work and
achievements, The visit, fot personal reasons, was
necessarily bricf, but the writer had an opportunity
duting a petiod of nearly 2 month of visiting the
greater part of the active atea of the Company’s
opetations in Persia.

It should be understood that what follows is not
intended to be a critical teview, from a scientific view-
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point, of the work of the Company. It is, to speak
frankly, an appreciation but, the writer hopes and
believes, a judicious appreciation.

Nor is it to be taken, in any way, as a technical
sumimary of the operations involved in finding, getting
and refining crude oil. The numerous text books
published on these subjects contain full information
on these points, nor does the writer claim any pat-
ticular competence to add to their number. What
he went out to see was how far the wotk of the Anglo-
Persian Oil Company in Petsia was an example of the
application of science to industry, interpreting the
word science in its widest sense, so as to include the
methods of dealing, not only with the raw material
obtainable from the ctust of the eatth, but also with
the human and sociological factors necessarily involved
whenever and wherever large scale production is
cartied on.

The genesis of this book was inspired, to a great
extent, by some observations made by the Barl of
Balfour on the general subject of the application of
science to industry. The writer records gratefully his
indebtedness to Lord Balfour for the privilege of
being permitted to include, by way of preface, the
letter that ptecedes this introduction.

The writet expresses also his thanks to Sir John
Cadman, the Chaitman of the Anglo-Persian Oil
Company, and to many membets of the Company’s
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staff for the valuable and willing help given to him,
It would take up too much space to name all those to
whom he is so indebted, but the writer hopes he will
be absolved from the fault of making any invidious
distinction if he acknowledges especially his obliga-
tions to Mt. J. Jameson, Dt. M. Y. Young and the
oJate Mr. H. Y. V. Jackson, with whom he was brought
into frequent contact in Persia. To the Council of the
British Scientific Insttument Research Association
also the writer expresses his cordial thanks for the
leave of absence generously granted to him to enable
him to visit Persia.

J. W. WirLramson.

3 Verulam Buildings,
Gray’s Inn, London.
September, 1927,






PREFACE TO THE SECOND EDITION

THE first edition of this book being out of piint and
“a new edition having been called for, the oppottunity
has been taken completely to tevise the work and, by
considerable additions, to bring it abreast of the latest
developments, In particular the geophysical sections
have been largely re-written and an entirely new chap-
tet (Chapter XI, “Oil and Ethics”) has been added,
dealing with the larger, international aspects of the
petroleum industty as 2 whole, so that the reader may
be helped to see the Anglo-Petsian achievement in
propesr perspective, as part of the wotld economic
factor popularly summatised under the term “Oil.”
The author is again greatly indebted to the kindness
of the Chairman of the Anglo-Persian Oil Company
and of many members of the Company’s staff for
valuable advice and assistance in the wotk of tevision.
For the generous appreciation expressed by re-
viewers and privaie readers of the work in its first form
the author tenders his grateful thanks, He would again
emphasise that, although many reviewets have thought
well to tecommend the book to the attention of petro-
15



16 Preface to Second Bdition

leum technologists, it is written primarily for the
genetal reader who may have had no scientific ot
technical training, but who may be interested by such
a striking and significant example of the application

of science to industty as is hete described.
J. W. W.

January, 1930.



CONTENTS

CHAPTER

II
IIT
18Y

Vi
VII
VIIX
X

X1

XII1
XIIx
XIv

Prefatory Letter from the Earl of Balfour .

Introduction
Preface to the Second Ea’n‘z(m

Parr 1. 'Ture Sciexcr

The Persian Oil Field ..
Finding the Oif

Drilling the Well . . .
Study of Pressures and Levels
The Problem of the Gas
Research at Fields . .

The Pipe Line .. .
Water, Electric Power and ng/}z‘ ..
Refining the Crude Oil

Research Station at Home . .

Oil and Ethics

Part 11, 'Tere HUMANITIES

The Human Material
Medical Services
Public Health

B 17

PAGE

15

125
129
139



1§ Contents

CHAPTER
xv  Howsing
xvr Education
1 Workshop Training
2 Schools .
xvir  Workshaps and Workers
1 Workshops and Stores
2 Grading of the Workers
xvirt  Social Amenities
x1x  Sowee Economic Factors
xx  Conclusion .,

rAGE

145

IST
155

1671,
165
168

174
186



LIST OF ILLUSTRATIONS

Map .. .. . .. . . Insids Cover
. Facing page
A General View of the Masjid-i-Snlaiman Ol Fields . 31

The Derrvick Floor of a Standard Type Drilling Rzg, w:fb

. Cable Bit .. 45
Turntable and Drill Stem of a Rotar_'y Drzl/mg R.zg 46
Flowhead of completed well showing modern bigh pre.r.rﬂra

Jittings . 53
Gas Separators for .n;pamfmg the £as from the 0il, as i ﬂow.r

Jrom the well . . Gs
Gas .Absorption Plant at Ma._r;zd-z-S saiman. . . - 6y
Persian Oif Fields by night .. .. 74
The stespest section of the Pipe Line over the Imam Raza .o 8%
“The Skde  Top of the 2,200 fost incline lear]mg to Gadar-i-

Landar . . . 89
Puymp House on sk pwrzy ar Gudzzr—z~Laﬂdar . .. o 90
Abadan Reﬁnery - 9z,
Bakhtiari crossing the Karun river on mfz‘ of zﬂﬂaled gaaz‘ .n('zrm 125§
The Operating Theatre at the Qil Fields Hospiral .. o 131
Persian Ward in the Abadan Hospital . or 134
The Vegerable Bagaar Building at Masjid-i-J. y/a:mzm ve I4T
Group of Staff Bungalows ar Chashmeh-i- °.Ali . N Y
Some examples of the billside dwellings at the Oil Fields .. 148
Type of bonses built by the Company for the Persian Workmen.. 149
Persian Apprentice Sechool at Magfid-i-Sulaiman . . .. 152
The Company’s Primary Sthool ar Abwaz . . .. 156
Workshop at Fields .. . . . .. 161
Drilling Storss at Magfid--S ﬂlzzzmaﬂ . < 164
A football match on the Maidan ar Mzz.rjza’-z-S aiman .. 169
On the great road from Ganawah to Mishun . . .. e I75
The Dar-i-Khagineh~Fields Railway .. .. . .o 176

b4






PART I
THE SCIENCE






CHAPTER I
THE PERSIAN OIL FIELD

It may be well at the outset to describe briefly the
area coveted by the Aunglo-Persian Oil Company’s
present active operations in Persia and in the conti-
guous territories in north-east Iraq. This area ex-
tends generally in 2 notth-west, south-east ditection,
from Chiah Soutkh and Naft Khaneh in north-cast
Iraq to Sulabadar in south-west Persia, a total distance
in this direction of over 450 miles. From north to
south it stretches for 150 miles or so from Gudas-i-
Landar on the river Karun to the island of Abadan
at the head of the Persian Gulf. The principal oil-
field—the original and famous Maidan-i-Naftun field
and its extensions—Ilies in the northern part of this
area, in the district having Masjid-i-Sulaiman (Solo-
man’s Temple) for its centre, some thirty-five miles
east of the ancient Persian city of Shushtar, the
oil being found directly beneath the foothills that give
on to the high tange of the Bakhtiati Mountains,
which form the great barrier between the desert
plains to the south and south-west and the great
central plateau of Persia. Between the extreme well
23



24 Ina Persian Oil Field

in the north-west of this Masjid-i-Sulaiman oil-ficld
and the extreme well in the south-east is a distance
of about seventeen miles.

At Abadan there is a great refinery for the treat-
ment of the ctude oil from this field and also a modern
pott at which the tankess take in crude oil for ship-
ment to the Company’s new tefinery at Skewen,
Llandarcy, S. Wales, and refined products for other
destinations.

Anathet important oil field has been opened and
is in course of rapid development at Naft IChaneh. in
Iraq, some 1oo miles notth-east of Baghdad; and a re-
finery to supply local requirements has been erected to
deal with the crude oil from this field, about twenty-
five miles nosrth-west of it, on the river Alwand, near
Khanagin, which is the head of a failway from Bagh-
dad and also on the caravan route to Tcheran. A
thitd important field is being rapidly devecloped at
Haft Kel, about fotty miles S.S.E. of Masjid-i-
Sulaiman, Test borings are also being cartied out at
various places in south Pexrsia.

That, roughly, is the area of the present active opera-
tions of the Anglo-Petsian Oil Company in the Middle
East, The area covered by the concession from the
Persian Government is, of course, much greater.
It includes practically all Persia except certain pro-
vinces in the north and north-west atound the Caspian
Sea, and covers no less than 500,000 square miles.
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The visitor from Abadan who desires to treach
“Fields”—the name given “for short” to the main oil
field having Masjid-i-Sulaiman for its centre—may
proceed by boat up the Shatt al Arab and then up the
river Karun, which winds and twists through the
desert, as far as Dar-i-Khazineh, some 170 miles by
tiver from Abadan, At Ahwaz, about 114 miles up the
rivet from Abadan, the navigation of the Karun is
intertupted by a series of rapids and here the Anglo-
Persian Oil Company has important workshops,
stores and transhipment equipment, for transferring,
by fail and road, materials and persons above and
below the rapids. From Dar-i-Khazineh a railway has
been constructed to Fields, via the gorge of the Tembi
River. This is used mainly for transport of materials.
A metalled road for passenger traffic also connects
Dat-i-Khazineh with Fields and follows a route futther
to the north-west, through the foothills.

There is an alternative route to Fields. The desert
between Abadan and Dar-i-Khazineh is an excellent
natural road for mechanical transport, although, after
heavy 1ains in the winter, it becomes impassable. The
introduction of motor cats has reduced the time taken
for the journey from Abadan to Fields from five days
to eight houts. The river Karun is, however, with
modern steamers and barges, still the most economical
means of transporting heavy materials. The Company
has recently introduced transpost by air, and an aeto-
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plane has been provided and pilots cngaged, so that
members of the staff may now be still more swiftly
transported from Abadan to Fields ot to and from
othet arcas of the Company’s operations. A beginning
has thus been made with an air sexvice which is certain
in time to be developed extensively.

The wotk of the Anglo-Petsian Oil Company is, of '
course, to find oil, to get the oil when found to tefine
it and to distribute the refined products. It may
simplify the task of showing to what extent and in
what manner science has been and is being applied
to the operations of the Company if we take, roughly,
this order of presentment and then proceed to describe
those social, cducational and other developments
which have grown with the growth of the Company’s
industrial operations, and, as will be scen, have been
assimilated into the otganic whole of the Company’s
cotporate activitics,



CHAPTER II
FINDING THE OIL

In most countries where oil has been found indica-
tions of the presence of oil-bearing strata are gene-
rally, though not always, known before the geologist
is called in to play his scientific part. Leakages of gas
ot of oil or of both—technically known as “seepages”
—ate often, and perhaps usually, matters of native
knowledge and past history., The seepages may be
misleading to the oil prospectot. They may be evi-
dence, not that oil in any quantity is now there, but
that it has been there, the seepage being merely the
residue of a once existing great store. Structutal indi-
cations of the character and conformation of the strata
forming the earth’s ctust often give to the expetienced
geologist better evidence of the probable presence of
oil-bearing strata.

The problem of finding the oil is, therefore, essen-
tially a scientific problem. It is not merely a matter of
noticing some oil or gas oozing from the eatth, or oil
floating on the surface of some stream, and then drill-
ing a well somewhere near by in the hope of striking
a hidden oil field. When it is realised that to sink a well

27



28 In a Persian Oil Field

may cost upwards of L20,000 it will be undetstood
that “wild cat” drilling is uneconomic, A series of
scientific investigations has to be made, and the results
have to be co-ordinated and correlated before any pru-
dent and teasonable decision can be taken to sink a
test well at any spot. Let us glance at these preliminaty
scientific investigations as they are conducted by the
Anglo-Petsian Oil Company.

GEOLOGICAL

The Company’s geological headquartess for Persia
are situated at Masjid-i-Sulaiman. There is an institute
furnished with a complete geological and carto-
graphical equipment and containing also a muscum of
geological specimens obtained from the various
areas of the Company’s operations, Thesc specimens,
it may be noted by the way, form a valuable and
available tecord for, and contribution to, the scicnce
of geology, apatt from any applications to the oil
industry. A scientific staff of geologists, cartographets,
draughtsmen and map-printers constitutes the pesson-
nel under the direction of the Principal Geologist. A
school for training Persian susveyors has also been
added recently to the establishment.

The functions of the Geological Department fall
under two headings: Exploration and Exploitation.
Geologists engaged on the former are sent out as re-
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quired, completely equipped with scientific instru-
ments, implements and camping outfits; those engaged
on the latter are occupied with development, correla-
tion and research work on the proved fields and on test
drilling areas.

The wotk of the exploration geologists and survey-
ors is frequently an arduous business in Persia. Many
of the areas to be explored have never before been
visited by Buropeans; in many cases the available maps
are inadequate, food and water are scarce ot not to be
found; and not only roads, but even mule tracks, ate
non-existent, Apart from the delicate task of getting on
good relations with the local inhabitants, the supply
of the food and water needed, the transport of the
matetials and equipment, and the maintenance of
communications in such remote ateas constitute prob-
lems of great difficulty.

The first business of the geologist who is called
in to examine a4 promising area is to make a geological
reconnaisance of the area. A rough topographical
sutvey of the sutface is made sirnultaneousfy, if an
adequate topographical map does not exist. Next a
more detailed geological survey is cartied out over
selected portions of the area and a geological map is
drawn on a large scale, say, three or six inches to the
mile, the scale depending on the complication or
simplicity of the structure.

So far we are dealing only with the geology of the
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sutface, though much information of the underlying
strata may be given by, and deduced from, the “out-
crops” in, or not too distani from, the atea under
examination—i.e., from those places where the under-
lying strata have tutned so as to come to the sutface
ot have been otherwise exposed, as, for example, in
cliffs, gorges ot river beds. The various formations
so exposed are identified, their thicknesses measured
and their ditection and the direction of any folds thete
may be carefully noted. From these data information
is obtained as to the character and structure of the
underlying strata—the sub-surface geology. This
information is supplemented and confitmed or cot-
tected later, as we shall see, from the ditcct evidence
obtained in the process of dtilling.

The task of the geologist in the Masjid-i-Sulaiman
disttict was extremcly difficult by frcason of the
chatacter of the earth’s crust here. Duting the petiod
of the folding of the eatth’s crust in this region, not
only were the strata twisted and crumpled in an extra-
otdinaty way, but great quantities of ccrtain of the
more plastic, undetlying strata were squeezed out
from between other mote rigid strata and thrast for-
ward so as to cover younget beds, with the conse~
quence that the deductions as to the run and character
of the undetlying strata, which may normally be
drawn from outcrops, were utterly untrustworthy
here. It was geological chaos,
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As the visitor approaches Fields by rail from
Dar-i-Khazineh he climbs gtadually through foothills
which are mainly masses of smaller or larger detached
mounds; then through a gorge cut by the tiver
Tembi through a mass of rock, mainly gypsum, the
local name of which is “gach” and which is the plastic
material referred to as having been squeezed out; and
eventually he comes to a view of hills like nothing
so much as the unnumerable ridges, peaks and hillocks,
closely packed and apparently all higgledy piggledy,
that a child could make by crushing tightly a mass of
tissue paper in its hands. It isin this terrain and below
such a surface jumble that an oil field has been dis-
covered and tapped which not only may well turn
out to be the most productive and extensive oil field in
the wotld, but is unique in the simplicity and “one-
ness” of its structutal charactet,

It may be as well, perhaps, to desctibe here and now,
in the barest outline, the chatacter of this oil field. The
oil is found at depths of from 1,000 to 5,000 feet of so
below the sutface, in the “Main Limestone,” which
can be seen to outcrop in the great hog’s back of
Asmari Mountain, some seventeen miles away to the
south-east. Above this oil-beating limestone rock is,
by fortunate circumstance, a hard “cap rock” of
anhydrite and above this again are other strata—salt,
anhydrite, shales, sandstones and conglomerates—
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forming what the geologists call the lower, middle and
uppet Fats and Bakhtiari formations.

There has been discussion as to how the oil is held
in the limestone. Is it contained simply by the porosity
of the limestone, ot i8 it in larger cavities in the rock?
In the geological department at Fields experimental
investigations have been made as to the validity of
the porosity theoty. All the evidence acquired goes to
show that the crude oil occurs, mainly if not wholly,
in cracks, fissurcs and canals within the main lime-
stone, and that the intetconnections between these
breaks in the continuity of the limestone ate such that
the oil reservoir in this field is one.

The structute of the Main Limestone is remarkably
simple in contrast with the complicated steucture of
the overlying beds. ‘The litestone is folded into long,
narrow, anticlinal structures of great size, separated by
deep synclinal depressions.  Masjid-i-Sulaiman is
situated above one of these great anticlines, the higher
past of which is folded into three subsidiary domes—
the Naftun, Naftak and Golak domes—all forming
patt of the one great reservoit of oil,

Within these domes gas from the oil has accamulated
in the past and rises continuously, as oil is with-
drawn, to the roofs of the domes and the pressure
due to this accumulated gas is the most important
factor in the tecovety of the oil. A visitor standing a
little north-west of the ruins of the Masjid-i-Sulaiman,
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that ancient Zotroastrian fire temple, and looking
generally north-west, can see clearly in the broad lines
of the strata exposed atound him an unmistakable
indication of the lateral folding that has given this
domed structure to the rocks beneath,

It will be tealised, in view of what has been said as
to the inherent geological difficulties in this field,
that the full knowledge now obtained of the sub-
surface structure has come from many lines of investi-
gation and especially from the direct evidence sup-
plied by each new well drilled. The geological infor-
mation gleaned from the Masjid-i-Sulaiman field
has been applied scientifically to the wotk done in
test areas in other parts of Persia, and it has been useful
in showing ways in which the usual geological
methods and procedure can be suitably modified to
meet Persian conditions.

GEO-PHYSICAL

Simultaneously with .the geological investigations
in any chosen area, ot maybe at a later stage, depend-
ing on the sutface character of the district (tnote par-
ticulatly on the presence or absence of mountain
masses) the Eotvos Torsion Balance may be called
on to give collateral or supplementary evidence. It
is essentially an instrument for determining the vatia-

tion of the gravitational force of the earth at different
C



36 In a Persian Oil Field

reader and avoid trespassing too far into the technical
domain.

ELECTRICAL METHODS

Electrical methods of locating ores and minerals
bave been employed for a number of yeats, in some
cases with great success. It is doubtful, however, if
these methods have hitherto proved very successful in
oil prospecting. Claims have been made during the
past two ot three years for detecting oil at depths
exceeding two thousand feet, but they have not been
substantiated.

Thete are 2 number of electtical methods which are
used, but all are similar in principle. They depend upon
the difference of the electsical conductivity between
the body whose position it is tequited to locate and
the sutrounding rocks. Electric currents are made to
flow in the ground in the tegion under investigation,
and a detailed study is made of the form of the current
field (i.e., the shape of the current lines of flow) at the
surface of the ground, or of the magnetic field above
the ground due to these cutrents. If a body whose
electrical properties differ from those of the surround-
ing rocks lies buried at not too great a depth ‘within
the tegion under investigation, it causes the current
field to become distosted, and a study of this distor-
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tion with the aid of suitable apparatus may lead to the
location of the body.

The electric cutrent employed is usually alternating,
although direct current has also been usefully em-
ployed, notably by Professor Schlumberger. When
alternating current is used it may be introduced into
the ground either by butied electrodes ot by inductive
methods. In the latter case an alternating current in 2
closed circuit above the ground causes induced cut-
rents within the ground.

In order to determine the shape of the curtent lines
of flow at the sutface of the ground two portable metal
plates, called electrodes, are employed, which are con-
nected by a cable to a valve amplifier and a pair of tele-
phones. The electrodes are sunk into the soil and set
at some distance apatt, say 100 feet; and the position of
one is varied until the sound heard in the telephones
(whose frequency is that of the alternating current
employed) is a minimum. Under these conditions the
two electrodes ate at the same electrical potential, of,
to express it in anothet way, ate situated on an equipo-
tential cutve; just as, in the familiax Ordnance Sutvey
map, two places at the same height are situated on the
same contout line. If, now, one of the electrodes is
moved farther away while the other is kept in its
original position, another point may be found on this
equipotential cutve. In this way a series of equipo-
tential curves may be mapped out over the area undet
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investigation, and as these equipotential curves are
everywhere at right angles to the cuttent lines of
flow, the shape of the latter may be determined.

With tegard to the exploration of the magnetic
field, it may be explained that when an electric current
flows, for example, through a wite, there are produced,
in the neighbouthood of the wire, magnetic eflects
which can be rendeted evident by means of a freely
suspended magnetic needle. The region round about
the wite is, therefore, called a magnetic field. In the
same way, when electric curtents are made to flow
through the ground, there is a magnetic field, due to
these currents, in the regions of curtent flow.

The form of the magnetic field above the sutface
of the ground is determined by means of a frame actial
connected to a valve amplifier and telephones. The
aerial may be rotated about vertical and hotizontal
axes, and at any given station thete is one position
for the frame at which the sound heard in the tele-
phones is 2 minimum. In this position, which may be
fixed by means of a compass and citcular scales on the
instrument, the frame, or, to speak more correctly, the
plane of the frame, is parallel to the magnetic lines
of fotce. Thus, if the area being investigated is covered
by a netwotk of stations, the shape of the magnetic
field over this area may be accurately determined.
Any distortion of the cutrent lines of flow set up by a
butied mineral ot ote-body will result in a cotrespond-
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ing distortion of the magnetic field, and in this way
the body may be located.

The possibilities of these electtical methods in their
application to the problem of locating oil in Persia
have been fully investigated by the Geophysical Staff
of the Anglo-Persian Oil Company. It would be
premature to pronounce definitely as to their practical
alue in that country.

MAGNETIC METHODS

The reader knows, in a general way, that the earth
behaves as a magnet and that the magnetic force
exerted by the earth on a suspended steel magnet—
for example, a compass needle—varies at diffetent
points on the earth’s surface. The measurement of
these variations is of great practical importance, not
only in navigation, but also in many scientific obsetva-
tions.

The magnetic method of prospecting (which must
be distinguished from the method of determining the
magnetic field due to electric curtents) has been very
thoroughly investigated over various patts of the
known oil-bearing structure at Masjid-i-Sulaiman,
The principle of the method depends on the uneven
distribution of the earth’s magnetic field in places
where changes in the magnetic susceptibility of the
material which forms the earth’s crust occur. Thus, if
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measurements of the intensity of the magnetic field be
made and tend to give a larger value at a certain place,
the presence of some material of higher magnetic
susceptibility than its surtoundings is suspected.

It was hoped that the crest of the oil-bearing
sttucture 'would be indicated in this way, as the
structure~—limestone—is more susceptible than its
overburden.

The instruments employed atre termed magneto-
meters, and may be designed to measure either the
horizontal or vertical component of the earth’s magne-
tic field. A high degree of sensitiveness and ease of
pottability are necessaty requitements; the instruments
used by the Company’s Geophysicists wete capable of
recording a change of one ten-thousandth part in the
earth’s magnetic field, With instruments of such sensi-
tiveness great care must be exercised that the readings
of the insttuments refer to the structure upon which
observations are being made; such factors as the diur-
nal variation in the earth’s magnetic ficld, the variation
due to change in latitude and the effect of temperature
changes on the instruments must all be allowed for.

All that may be said at present is that the method
has been of proved value where shallow formations
(of the order of roo-200 feet) and large differences in
magnetic susceptibility have been present.
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SEISMIC METHODS

Lastly, to conclude this brief sutvey of the geophysi-
cal wotk of the Company an indication must be given
of the seismological research being undertaken, It
may be said that until comparatively recently the
science of seismology has been confined, for the most
patt, to recording and measuring the earth tremots
caused by earthquakes and to deducing from the
measurements the locations of the otiginal distus-
bances. The seismic method of exploration is similar
in principle to the other methods desctibed, in so far
as it is based on the existence of a difference in certain
physical characteristics between the rock-forming
structure to be located and the structures above it
which form the overburden. In this particular method
advantage is taken of the different velocities with
which earth tremors—which to the physicist are
elastic waves—are transmitted through rocks having
different elastic propertics and densitics. For example,
the velocities of compressional waves in sedimentary
rocks are of the order of one and a quarter miles per
second, whereas in igneous rocks they are from
three and a third to five miles per second.

In Persia the reservoir rock is a limestone, and the
velocity of the elastic waves in this medium is higher
than in the overlying beds. The procedure in seismic
exploration is somewhat as follows:
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Charges of gelignite are buried several feet below the
sutface of the ground and exploded. The resulting
disturbances or miniature earthquakes—ithe elastic
waves—travel outwards in all directions through the
rocks. The arrival of the disturbance at various
points on the sutface, along traverse lines [rom the
explosion point, is registered on a photographic
record by means of sensitive instruments called seis-
mographs. At these stations, by means of suitable
appatatus, the instant of the explosion is also recorded.
From the records the speed at which the elastic waves
travel through the overburden and also through the
coveted oil rock is deduced. When the difference in
velocity is well pronounced and the overburden is
fairly homogeneous a reliable cstimate of the depth of
the oil rock can be obtained from these records. The
degree of success of this method depends on obtaining
as complete 2 record as possible of the rock distur-
bance. The completeness of the tecord is limited to a
great extent by the design of the seismogtaph, and
researches have been carried out with the object of
designing a field-worthy instrument, or combination
of instruments, which will afford a more complete
tecotd of the elastic waves than has hithetto been
obtained. With the mote detailed information made
available by such instruments the method will be
applicable to more complicated problems than those
which so far have been solved successfully.
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An interesting parallel to another physical pheno-
menon may be noted here. The “wireless” enthusiast
knows that thete is sutrounding the earth, in the upper
firtmament, an electtified layer known, from the name
of its discoveter, as the “Heaviside layer”; and that
the radio waves sent out from the world’s radio
stations are reflected and propagated by this layet,
just as in the whispering gallety of St. Paul’s Cathedral
the sound waves are reflected from the smooth wall,
or—to take another illustration—just as the desett
mitage is due to the reflection of light rays from
certain layers of the atmosphete. Without this reflec-
tion from the Heaviside layer, radio communication
between the ends of the earth would be impossible and
Abadan would be unable, as we shall see latet it now is
able, to pick up the witeless bulletin broadcast each
day from Rugby, in Bngland. The intercsting patallel
between this Heaviside layet and a highly elastic
formation deep down in the earth lies in the fact that
the depth of the subtettanean structure is deduced
from the elastic wave observations in a manner
closely related to that employed in calculating the
height of the Heaviside layet.

Tt may be added, for the teadet’s further interest,
that some of the instruments used in seismic methods
are of the highest precision and sensitivity, with
magnifications of the order of a million, so that move-
ments of almost molecular extent can be detected.
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Ogne insttument—to give an illustration—the ultra-
micrometet, is capable of registermg a movement of
one-cighth of a millionth of a centimetre o one-
twentieth of a millionth of an inch, It brings a touch
of the romantic, if not, indeed, of the fantastic, to
realise that the discovety of mighty reservoirs of oil
deep down in the earth’s crust may be related to the
measurement of such infinitesimal movements.
N T T

It 'was said at the beginning of this chapter that the
problem of oil finding was essentially a scientific
problem. The reader will have realised the compre-
hensive and the intensive character of the methods—
geological and geophysical—by which the Anglo-
Persian Oil Company is seeking to put this problem on
a sound and broad scientific basis, These methods
call not only for the highest scientific knowledge and
skill in the individual wortket, but also for a cortres-
pondingly bigh degree of staff wotk to ensure the
continuous co-operation and co-ordination of the
scientific workers in their common attack on this
fundamental problem. It is true that these different
geological and geophysical investigations scrve to
confirm or rebut evidence snser se, but theit main
purpose, it should be noted, is o ascertain the limits
of the various methods for elucidating geological
sub-structure, so as to facilitate the selection of the
method most approptiate to the peculiar conditions
of the particular atea under exploration.
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CHAPTER I
DRILLING THE WELL

Froum the outset the question where to start boring
for oil is essentially a scientific problem to be solved
by the application of scientific knowledge and methods.
We shall see that every subsequent step, from the
drilling of the well to the delivety of the refined
oil, in the condition and of the chatacter required
by the consumer, calls also for the application, in
greater measure at some stages, in less measute at
othets, of scientific knowledge and methods,

Let us now suppose that, from the investigations
desctibed, a likely spot has been found for the sinking
of a well. The drilling problem is essentially an engi-
neering problem and both engineeting in general and
the engineeting of well drillng in particular have
long been developed to a high degree of efficiency.
The drilling practice adopted by the Anglo-Peisian
O1l Company 15, therefore, naturally standard practice
and it will be sufficient to desctibe the methods in
outline only.

Two systems of dtilling are employed—the cable-
tool or percussion system and the rotaty system. In

45



46 In a Persian Oil Field

the first a heavy cutting bit of hatd steel at the end of
a wire cable is alternately lifted and dropped, by appro-
priate machinery, so as to produce a succession of
blows wheteby the hole is literally pounded out, the
ctushed strata being baled out from time to time. In
the rotary system a rigid stem of steel pipe rotates,
by the help of machinery, a special type of cutting-bit,
which bores through the strata as a gimlet bores
through wood. Through the drill pipe a stream of
liquid mud is pumped down under hydraulic pressure.
This circulating mud flush setves to lubricate the
process of dtilling, to drive up the cuttings out of the
hole and at the same time to “mud up” the formations
encountered to prevent them caving, Hence this
system is especially adaptable to unconsolidated strata,
such as caving sands or silts. The cable-tool system is
better suited to harder rocks.

'The chief advantage of the rotary sysiem is the
rapidity with which a well can be drilled. As much as
450 feet per day has been made under exceptionally
good conditions, which is a far greater depth than is
possible with the cable-tool in normal circumstances.
Other advantages of the rotary system ate that, if
high gas and o1l pressutes ate encounteted, they are
mote easily controlled; less casing is required for the
lining of the well; it is less costly to employ than
cable tools and it is more universally adaptable to the
normal conditions of modern oil-ficld development.
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It has, however, three inherent disadvantages: one,
the tendency through “mudding” for the driller in
charge to miss oil shows; the second, the difficulty of
obtaining uncontaminated samples of the strata
boted through, to enable the geologist to elucidate the
sub-sutface geological data; and the third, the tendency
for crooked holes to be drilled. The fitst disadvantage
can be minimised, if not avoided, by the skill of the
driller. The second has been successfully overcome
by the introduction and use of the core-barrel, a
device by which satisfactory samples can be tegularly
obtained. The third, which is an inherent disadvantage
of the rotary system at great depths, can be pattially
overcome by very careful diilling (especially at each
change of formation) and by measuring the deflection
of the hole at intcrvals as drilling proceeds, and taking
the necessary steps to straighten the hole before it
becomes too crooked.

In the Masjid-i-Sulaiman ficld, however, it has been
found that comparatively shallow wells are more
economically drilled by cable tools; for the deeper
wells the rotary-drill is more advantageously em-
ployed. With modern dtilling equipment it is now
possible to test for structures fat deeper than anyone
contemplated a few yeats ago, depths of nearly 10,000
feet having been dtilled in the U.S.A. duting 1929.
For depths of 5,000 feet and over the use of rotaty
equipment is almost imperative, not only on account
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of the great saving in time, but because at thesc great
depths the oil, if it be in the crestal region of structutes,
is usually under very high pressure. Diilling in against
these high pressutes can be safely carried on, and
dangerous blowouts with their attendant fire risks
prevented, only by the circulation of mud fluid, which
is an inherent feature of the rotary system. Mud fluid
can, of course, be used in cable tool wells, but it is
difficult to drill through at great depths, and as it
cannot be circulated the mud eventually settles out.
For these teasons the use of rotaty equipment in
preference to cable tools has received a cettain impe-
tus in Persia during 1929,

When the writer was at Fields, a well was in process
of being drilled by the rotary method, for geological
information and not for production, which had then
reached a depth of 5,000 feet. It was {ascinating to
watch this rotary drill, roughly a mile long, being
turned apparently as easily as one turns a gimlet. "This
well, it may intetest the readet to know, at the end of
May, 1927, had teached a depth of 5,809 feet and the
casing lining the well ceased at a depth of 2,421 feet,
no other casing being required below this.

PETROGRAPHY OF DRILL CUTTINGS

Daily reports of the progress made at each well, of
the depth reached, of the sttata met with and of other
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significant features, are made by each driller in charge
and copies of these reports are studied by the geolo-
gists. Moteover, at intetvals of five feet—or oftener
if new formations be encountered—samples of borings
ate taken and sent to the geological department for
examination and identification. Hete they are washed,
dried, examined by the eye and by the microscope and,
where it is deemed desirable or necessary, ate sub-
jected to chemical analysis.

For example, the cap rock of anhydrite, which
covers the oil-bearing limestone, shows under the
microscope a peculiar radial structure. If there be any
doubt in a given case whether it is the cap rock that
has been reached, the microscopic examination of a
specimen of the boring reveals the presence ot indi-
cates the absence of this radial structure and thus
usually resolves the doubt. Similarly, microscopic
examination helps to determine whether any limestone
met with in drilling is the mothet-tock which out-
crops in Asmari mountain, If any water be encoun-
tered by the driller, samples of it are sent to the chemi-
cal laboratoties for determinations of its density and
composition and from the knowledge thus acquired
valuable information can be obtained of any inter-
connections there may be between distant borings.
It is worth notice that all the specimens of botings are
carefully kept for reference and ate available as con-

tributions to the general science of geology.
D
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There is thus a steady flow into the geological
department of information and samples from all the
wells being drilled as they are being drilled. From the
data thus acquired, duly co-ordinated and cortelated,
2 detailed knowledge is obtained of the sub-sutface
structure over a wide area. Since some two hundred
wells have been drilled in the Masjid-i-Sulaiman field,
it will be understood that a thorough and extensive
knowledge of the sub-surface geology has now been
acquired, Indeed, the “geological chaos,” to which
reference was made, has now been, in the exptessive
phrase of the geologists, “all taped out.” At the
geological headquarters at Masjid-i-Sulaiman and
also in the London offices of the Anglo-Persian Oil
Company, there ate not only latge scale maps but also
solid models constructed to scale showing the contouts
of the oil-bearing limestone and the position of each
well.

It should be undetstood that as the well is drilled it
is also lined by steel casing, When the drill is nearing
the main limestone where the oil is expected, pre-
cautions have to be taken against any sudden rush of
oil to the dettiment of the drillers and the rig. In
cable tool wells a long cylindrical steel vessel, called 2
container, is fastened to the top of the well casing and
the cable works, enclosed, through this, A valve is
also introduced near the top of the well pipe and
controlled by 2 distant handle, so that in emetgency it
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may be turned off without grave risk to the opetator.
Thete is something of a dramatic thrill, in approaching
a well, to observe that the “container” is affixed and to
tead the notice: “No smoking. Drilling in Main
Limestone.”

By such devices and precautions a well with a pro-
duction of as much as 6,000 tons of oil per day can be
brought in without any loss of oil, the dertick floor
being kept clear of any waste oil. Indeed, the amazing
feature to one who vists the Persian oil fields for
the first time is the absence of any sight of the crude
oil, except for the seepages to be noted hete and
there in the area. Not until the writer reached the
refinery at Abadan, 130 miles away from the oil field,
did he see the crude oil which was being dtawn from
Fields at the rate of some 4,000,000 gallons per day.
If one compares this state of things with, for example,
pictures of the oil fields of Russia, in Mr. A. Beeby
Thompson’s elaborate book on the Russian Petto-
leum Industry, where derricks and rigs ate shown
drenched in the spouting oil and gas, and where
lakes of waste oil surround them, the scientific achieve-
ment of the Anglo-Petsian Oil Company in avoiding
waste and keeping Fields clean of oil can be better
appreciated.



CHAPTER IV
STUDY OF PRESSURES AND LEVELS
DRAWING THE OIL

WHEN an oil teservoir is reached the oil may rise in
the well pipe and flow under its natural pressute.
But there may be difficulties due to excessive flow;
on the other hand the oil may have been struck
at such a great depth that the natutal pressure to which
it is subjected is insufficient to start it flowing. Both
these difficulties call for the ingenuity of the engineet.
Excessive flow has to be checked by approptiate and
sufficiently robust well-head fittings. To get the oil
to flow from great depths, frequently gas is forced
down the well pipe under pressute, so as to aerate the
oil, “to make it alive,” as the phrase goes, When
the pressure is released the mixture of oil and gas
usually rises and flows just as soda water gushes from
a syphon when the pressure is released. In the Petsian
oil field there have been hitherto few, if any, difficul-
ties in getting the oil to flow: such difficulties as have
been encountered and successfully overcome have
been due to high pressures and excessive flow.

§2
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We will now suppose that 2 well has been drilled in
and that the oil is flowing under proper control into
the pipe line leading to the tanks where, as will be
seen, the crude oil is first stored. The well-head fittings
include, besides valves for regulating or stopping the
flow, pressure gauges for the accurate measurement
of the pressures developed at this point. A whole
series of scientific investigations into the measure-
tnent and implications of these pressutes is now undet-
taken, investigations which are peculiar, in oil-field
development, to the Anglo-Persian Oil Company.

When a well “comes in’’ the gas which rises with
the oil, usually at first in great quantity, is allowed to
blow off, and is led away to be burnt, until the well
pipe 15 full of oil to the head. The valve is then closed,
things are allowed to settle down, and the pressute
recorded by the pressure gauge under these steady
conditions is carefully noted. This ptessute is termed
the Menimum Closed in Pressare. 'The reader who has
an elementary knowledge of hydrostatics will realise
that this pressure is equal to the hydrostatic pressure
on the oil at the bottom of the well less the downward
pressure due to the weight of oil in the pipe. The
purpose of the measurement of this pressute will be
explained later.

The oil is now allowed to flow freely into the pipe
line and the pressure is measured while the well is
flowing. This pressure is termed the Flowing Pressare.
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Not only is it dependent on the size and conforma-
tion of the well that has been tapped but it varies
also with the back pressute set up in the pipe line fed
by the well. The reader will understand that the
flowing pressute of the water in a water main, for
example, must vary with the back pressures set up in
the various smaller pipes which are fed by the main,
The importance of measuring this flowing pressure
is that from it reliable calculations may be made of
the production of the well, i.e. the number of gallons
of oil pex day that the well is yielding. In conttast
with most oil fields the individual production of wells
in this Persian field remains practically constant.

If a freely flowing well be closed, the pressure
developed at the well-head will be gteatet than the
minimum closed in pressure; for when a well is
flowing freely not only oil but also gas flows and when
such a well is closed in the gas collects in the well-
head and casing top. The pressute under these condi-
tions, which is termed the Masximum Closed in Pressure,
is carefully measured. 'The teader will appreciate
that it is equal to the static pressure at the bottom
of the well pipe less two back pressutes—the back
pressure of the column of oil in the well pipe due to
its weight, and the back pressure of the column of
gas above the oil in the pipe, The function of this
measurement of the maximum closed in pressurte is to
determine the highest pressure to which the flow-
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head fittings will be subjected—obviously important
knowledge to the engineer.

Lastly, a fourth pressute is measured. It will be
remembered that above the oil in the present produc-
ing area of the Masjid-i-Sulaiman field are domes under
the roofs of which gas has accumulated and to which
it is constantly rising. Whenever a well is sunk
directly into the gas dome overlying the oil reservoir,
the pressure of the gas at the well head is measured.
This is termed the Dome Gas Pressure, Its function will
be explained almost immediately.

To recapitulate, there are four distinct and signifi-
cant pressures periodically measured—the minimum
closed in pressure, the flowing pressure, the maximum
closed in pressure and the dome gas pressure. In
order that all these pressures, measured at different
wells and at different ground elevations, shall be com-
parable one with another, the observations taken are
corrected and referred to a common datum level, a
presumed sea-level known as Scott’s datum level, and
thus those inequalities in the observed pressures
which are due to some wells being drilled in from a
higher point of the earth’s sutface than are others are
eliminated and 2 common basis of compatison is
established.
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THE GAS-OIL LEVEL

From the knowledge of the minimum closed in
ptessute and the dome gas pressure it is possible, by
mathematical methods, to determine the gas-oil level,
i.e. the level at which the gas in the dome meets the
sutface of the oil in the reservoir. It would be out-
side the scope of this essay, which is written for the
general teader, to attempt to explain the nature of
the mathematics involved. The reader is asked to
accept it as fact that reliable detetminations can be so
calculated,

Prom the knowledge of the gas-oil level most
important conclusions can be drawn, affecting not
only the location of new wells, but also the general
production policy in the atea, It enables decisions 1o
be made as to the location of new wells for produc-
tion in ateas where the contouss of the main oil-
beating limestone ate known. From it can be deduced
with confidence data indicating which wells would,
if they were sunk, produce gas only; which wells
would, though yielding oil for a time, socon go to
gas; and which wells would be likely to have a long
flowing life before going to gas. Incidentally, it
may be remarked that the problem of the flowing
life of wells is a very intetesting scientific problem on
which much investigation has been done by the Com-
pany.
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Moteovet, and not least impottant, a knowledge of
the gas-oil level, correlated with other data, enables
approximate estimates of the total oil tesetve to be
made.

It will be seen, thetefote, that contihuous know-
ledge of the gas-oil level is of great and even vital con-~
sequence. In the Physical Research Department at
Fields are carefully drawn graphs showing the relation
between the dome pressure and the production (i.e.
the total quantity of oil withdrawn from below). As
oil is withdrawn from below the hydrostatic pressure
at the bottom of any given well necessarily falls; the
gas within the dome above the oil reservoir expands
and hence also the dome gas pressure tends to fall.
This reduction in dome pressure allows a portion of
the gas dissolved in the great bulk of oil to come out
of solution, thereby bringing the system into a new
state of equilibrium. The graphs mentioned above
show the rate at which the gas-oil level and dome
pressure are falling as the production is proceeding.

The Company’s production policy aims at keeping
the oil-beating structute as a whole evenly balanced
by withdrawing the oil from wells so located that the
gas-oil level falls uniformly, as if it wete a single
surface, throughout the fields, It is interesting to
note that, owing to measures having been taken to
prevent unnecessary loss of dome gas (for example, by
“mudding off” gassy wells that were ptoducing as
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much as 2,000 tons of oil per day), the rate at which
dome pressures and the hydrostatic pressures at the
bottoms of the wells have been falling has been sensi-
bly slowed down. The curve showing the relation
between the dome pressure and the production will
slope the mote steeply the mose rapidly the dome
pressure falls with the production. When observa-
tions wete first systematically taken, the curve had a
slight, but obvious, downward slope; it now shows
a distinct tendency to approach the horizontal,
indicating that the rate of drop of the dome pressure
has become less. That curve is as important in the oil
field as is the temperatute chatt in a fever hospital.

Tt should be understood that the above description
of the scientific work done on the measurement of
pressutes does not pretend to give a complete picture,
even in outline, of all the scientific investigations
needed to attive at definite information as to the gas-
oil level, the flowing life of wells ot the total tesetve.
These problems ate necessarily rclated to, and com-
plicated by, such factors as friction, viscosity and the
solubility of gas in oil at different temperatures and
pressures. A great deal of research work has been
and is being prosecuted by the Company’s staff on
these and other cognate problems,
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MIGRATION OF OIL

It may be explained hete that outside the ptesent
producing area test wells are drilled, not primarily for
production but in order to secugre vital data, These
tests are known as Fields extensions. From the above
investigations valuable information has been obtained
as to the migration of oil. The evidence points to the
conclusion that, with the exception of one extension
area recently proved where the porosity of the lime-
stone is definitely low, the oil from the extension areas
is migrating to the producing areas and that Fields
extensions are being satisfactorily drained by wells
at present on production. Intercommunication be-
tween wells as far apart as ten miles has been proved
by study of the pressutes. The excellent migration
which exists over the whole field, between area and
area, must, thetefote, be due to the existence of channel
connections in the mother limestone rock, of such
number and magnitude, that, at the present rate of
production in Fields, and at the consequent velocity
of migration of the oil, gravity alone is able to over-
come the forces of friction, capillarity and surface
tension which tend to impede migration.
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THE OIL-WATER LEVEL

Thete is another important level to be determined.
In many oil fields the fisst hint that the reserves of oil
ate not inexhaustible is given by a rise in the level of
the water, often salt water, usually found beneath the
oil. The reader is aware that the oil, being of lighter
specific gravity than watet and not miscible with it,
will float on watet, A knowledge of the oil-watet
level is obviously important as from it the earliest
evidence comes as to the rate of exhaustion of the field.
It is sufficient to say here that where water has been
found beneath the oil horizon in the Persian producing
area, cateful and systematic measurements over the
last six years have shown that the oil-water levcl is
not appreciably rising.

We have scen how impozrtant is the maintenance of
the underground gas pressure, which is the most
important factor in the recovery of the oil from below.
Although, as has been stated, the abundant data that
have been obtained clearly indicate that this pressure
is being well conserved, nevertheless the proposal
has been considered to inject into the gas domes the
surplus gas, after extracting from it the gasoline,
In the next chapter we shall consider in some de-
tail the methods adopted to utilise the enormous

volume of gas that is associated with the oil,
* ke * * %
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It should be emphasised, what has alteady been
indicated, that all, or nearly all, the scientific wotk on
pressures just described is peculiat to the Anglo-
Petsian Oil Company, and has no comparable counter-
part, as far as the writer knows, in the wotk done in
any other oil field in the wotld. It is true that these
co-ordinated scientific investigations are greatly facili-
tated by the unique simplicity of the structural condi-
tions of that part of the Persian oil field now under
production; and also by the fact that the Company has
sole control of the wide area involved. Obviously, it
would have been impossible to secute the cortelation
and the co-ordination necessaty for obtaining these
scientific data if, in the Petsian fields, there had been
the chaotic conditions existent in some other parts of
the world, where the landscape of the oil-beating
tegion is ctowded with the derricks—*as thick as
autumn leaves in Vallambrosa”—of discordant com-
petitots, each feverishly bent on extracting the oil
from below, lest his neighbouring tival may be de-
pleting the same common reservoit. Thete is in this
contrast 2 lesson in rationalisation which we have not
space to elaborate, But it would be to miss the teal
significance of what has been described not to pause
and note that the extent and thoroughness of the
scientific work done is due mainly to the long and
wide view taken by the former Chairman, Lord
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Greenway, by the Boatd of Directors of the Coms-
pany, and, pre-eminently, by the present Chaitman,
Sir John Cadman, as to the vital necessity of such
scientific data and investigation for ensuring efficient
production.



CHAPTER V
THE PROBLEM OF THE GAS

Wuen the oil has been brought to the sutface and the
well has been connected to the pipe line which is to
conduct the crude oil to the refinery, there is 4 series of
operations to be considered before we come to the
processes of refining.

The crude oil, as we have seen, contains a good deal
of gas. The immediate problem is, what is to be done
with this gas?

In the eatly history of the Company, it will be
readily understood, the urgent economic need, after
the oil had been drawn from below, was to get the
oil refined and to put the refined products on the mar-
ket for sale. These early days were not favourable
times for pausing at each stage of the process of pro-
duction to consider whether all had been done that
could be done at that stage. The gas problem, there-
fore, was treated summarily at first, because all ener-
gies wete necessarily concentrated oy the adequate
production of refined oil.

The gas could not be allowed to escape freely into
the air. It is injurious to breathe, and, indeed, poiso-
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nous. It was, therefote, led away to convenient spots
on the hills around and butnt continuously, night and
day, in huge flates, the flames rising frequently to a
height of one hundred feet. Photographs of Maidan-
i-Naftun in those eatly days, taken at night, show one
of the most wondetful and weird spectacles ever,
surely, associated with industrial development. In
response to the pathetic plea of one member of the
Company’s staff the present writer here eatns the
unique distinction of refraining, though with diffi-
culty, from making a trite reference to Dante’s In-
ferno. But one may be allowed the milder comparison
that the blast furnaces of Middlesbrough would have
“paled their ineffectual fires” before this field of
conflagtation. ‘Thete are still flates in Fields, but the
ecstasy of combustion has been greatly allayed,
pattly by teason of the “mudding off”” of gassy wells,
to which reference has been made, and also by methods
of gas conservation and utilisation to be described.

As the early, urgent needs for the production of
refined oil were successfully met, attention was dj-
tected to the improvement of each step in the series
of opetations, and the solution of the gas problem has
been, and is being, sought along the lines that will
now be explained.

The crude oil in the depths of the earth is in exactly
the same condition as soda-water in a syphon; it
contains a large amount of dissolved gas held in
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solution by the heavy overhead pressure. When the
well-head valve is opened the oil issues as a froth,
owing to bubbles of the gas which was dissolved at the
high underground pressute escaping from solution
immediately the pressure is released. One of the main
problems is to handle this oil-gas froth in such a way
that the oil and gas ate effectively sepatated and the
gas is utilised on the spot to the best advantage.

The telease of the high pressure oil almost down to
atmospheric pressure takes place in two stages. The
oil which issues from the well-head at a pressure of
about 150 pounds to the squate inch is led to “high
pressure separatoss,” which consist of long, hosi-
zontal, steel cylinders, some two and a half feet in
diameter, In these cylinders the pressute is allowed to
fall to 30/40 pounds to the squate inch, and at this
pressute a pottion of the total gas content, sufficient
to supply the local fuel requirements of the area, is
sepatated. This gas consists mainly of the least soluble
hydrocarbon gases, methane and ethane, and contains
only an insignificant quantity of petrol vapour.

The gas so separated is putified and conducted
through mains to the Fields gas supply for industrial
and domestic use. It provides the fuel required for the
steam boilets at the electric generating station and the
pumping station at Tembi, as well as for other steam-
rasing plant in the various workshops at or within

range of Fields. It is also supplied for heating or
E
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cooking putposes to the bungalows, houses, offices
and bazaats, including the Persian bakery and the
Persian baths. ‘There is thus an abundant—indeed, a
super-abundant—supply of natural gas to the whole
industrial community in ot near Fields. What was at
first merely a waste product has thus been tutned to
industrial and domestic use.

The quantity of the gas so utilised is, however, a
very small, almost an infinitesimal, fraction of the
total gas available, and other steps are being taken to
recover more and mote of it for industrial purposes.

To resume the stoty, the crude oil, with the high
ptessure gas temoved, goes its way to great tanks,
called the “flow tanks,” where the pressure drops
almost to atmospheric pressute. There is still a great
deal of gas dissolved in the oil and much of this gas
evaporates and rises to the upper parts of the flow
tanks. At this lower pressure the fractions cvolved
are heaviet than those leaving the high pressurc sepata-
tors and are laden with petrol vapour, We will call
this mixed gas the “low pressure gas.”

Befote consideting what is done with this low
ptessure gas, it may be as well to see the ctude oil 2
little futther on its way. From the flow tanks the
crude oil, stripped of its high pressure gas and low
pressute gas, goes by the pipe line to the main pump-
ing station at Tembi, whence it is sent on the first
stage of its long joutney of 130 tiles, over hill and






GAS ABSORPTION PLANT AT AMASJID-I-SULATVAN



The Problem of the Gas 67

desett, to the refinety at Abadan, There is a tank farm
at Fields but it comes into operation only as a means
of stotage in emergency. Thus, in the ordinary course,
the oil is delivered to the Tembi pumping station
without having suffered, by evapotation in storage,
the loss of its light products.

RECOVERY OF GASOLINE

To return to the low pressure gas in the flow tanks,
this gas is now led through pipes to the gas absorption
and compression plants, in order that there may be
recoveted from it the valuable product, light spitit or
gasoline. Shortly described, the absorption method of
recovety is as follows. The low pressure gas is com-
pressed, by rotary compressors, to a pressure of
5 pounds to the square inch; it is then cooled and
driven up an absorption tower down which heavy
oilis descending. 'This oil or “lean oil,” as it is termed,
absotbs from the gas the light fractions, in particular,
gasoline or petrol, and becomes, in works phrase,
“fat 0il.” ‘The fat oil is then distilled to yield the gaso-
line or petrol which it has absotbed. The absorp-
tion process is thus a continuous cycle—the low
pressure gas flows continuously through the plant;
the lean oil absorbs gasoline from the gas and be-
comes fat oil; the fat oil gives up its gasoline and
becomes again lean oil; and the lean oil repeats its
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former wotk. The gasoline goes by pipe line to be
added to, and enrich, the ctude oil destined for the
refinery. In the compression method of tecovery the
gas is compressed by rotary machincs to a pressute of
250 pounds pet squate inch and cooled. This process
condenses the gasoline content of the gas and the
condensed gasoline then passes into the crude oil
pipe line.

The capacity of the gasoline absorption and com-
pression plants now in operation at Masjid-i-Sulaiman
is 45,000,000 cubic feet of gas per day, yielding
approximately 130,000 gallons of light spirit or gaso-
line per day. A far better thing, this, than sending the
gasoline in flame and smoke to the Persian skies!

Tt may be incidentally noted that in the absorption
process oil has to be cooled at one stage and heated at
another. In order to secure economy of fuel, heat
intetchangers are utilised wheteby the heat abstracted
from the oil that has to be cooled is made to warm the
oil that has to have its tempetature raised in distillation,
A similar economical use of heat interchangets occuts
in many other operations of the Company, notably in
the tefineries.

The reader may have noticed that at no stage we
have yet described is the pressure on the oil completely
released. Indeed, as we shall see, all the way from the
well-head to the refinery the oil is under pressure.
The valuable petrol that escapes with the low pressure
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gas from the flow tanks is immediately tecaptured in
the gasoline recovery plants and injected, under pres-
sute, into the ctude oil in the pipe line. There it
remains under pressute throughout its long joutney to
Abadan. In this way the crude oil is made to carty,
not only the volatile petrol, but also large quantities
of gas in solution which constitute a valuable source
of fuel for refinery operations that could not otherwise
be conveyed to Abadan without great expenditure.
The elaborate arrangements adopted for securing this

gas immediately it reaches the refinery will be described
later.

PYROLYSIS OR CRACKING

We have not yet, howevet, come to the end of the
gas story. Patt of the gas which has passed thtough
the absorption plant and given up its gasoline now
goes to another plant, called—it is said, not vety
happily—the pyrolysis plant, where attempts ate
being made, and on a semi-large scale have been com-
pletely successful, to obtain other products. of indus-
trial value, It is outside the scope of this essay, and it
would try unduly the readet’s patience, to enter upon a
technical desctiption of the pyrolysis process, which is
also known as “cracking.” Broadly speaking, it may
be said that the process consists essentially in subject-
ing the gas to high temperatures, in order that the
lightest fractions of the gas may combine to form
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valuable liquid products, of which benzole in particu-
lat may be mentioned.

When the writer visited Fields the pyrolysis plant
was not in full working order on the commercial
scale, but was In the intermediate development stage
through which all the discoveries of the research de-
pattment have to pass before they can be translated
to full-scale industrial practice. Both at Fields and at
the central tesearch laboratories of the Company at
Sunbuty-on-Thames systematic researches on this
problem have been, and are being, prosecuted with
results that are likely to have great scientific and
commercial impottance.

The gasoline and the benzole thus obtained do not,
however, exhaust the list of useful products recover-
able from the waste gas.

OTHER BY-PRODUCTS

In the first place, this gas contains a quantity of
hydrogen sulphide (sulphuretted hydrogen) which
may amount to as much as ten per cent. The hydrogen
sulphide itself is 2 most undesirable constituent, as it
has a very unpleasant smell and is highly poisonous.
It is for that reason that the high pressure gas is puri-
fied before being distributed for domestic and indus-
trial use as fuel. Chemical processes have, however,
been devised wheteby ftom the hydrogen sulphide
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thete can be obtained sulphur of an extraordinary
degtee of purity; and it is possible thus to rid the
gas of a noxious constituent and to create a source,
not only of pute sulphur, but of sulphut compounds
such as carbon bisulphide, all of which are of great
value and of wide use in medicine, industry and the
arts.

Again, any natural gas, if burnt against a cold metal,
ot other suitable, sutface, deposits carbon in the form
of an extremely fine, black soot—"‘carbon black”—
which is much supetiot to ordinaty lampblack as a
pigment for the manufacture of printet’s ink, Since a
thousand cubic feet of gas yield from one to two
pounds of carbon black, and it is calculated that one
pound of carbon black suffices to print 2,250 copies
of a sixteen page newspapet, the potentialities of the
Fields gas in this ditection alone—whether beneficent
ot deplorable, the reader must decide—ate obvious.
Carbon black is also largely used in the rubber indus-
try, being incorporated into the rubber in order to
give to it the toughness, elasticity and durability
sought after by motot tyte manufactuters. Consider-
able quantities are also used in the manufactute of
stove polishes, Chinese and Indian ink, papet and tat-
paulins. Already at Fields a small plant has been es-
tablished and started for the manufacture of this
widely useful by-product.
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By varying the conditions of carbonising the gas it
is also possible to get the carbon in the form, not of
soft black soot, but of a very hatd, greyish black
solid of close grain, which, on account of its excep-
tional purity, is of great value for electric arc lamps
and for other electrical purposes.

Not does the tale of useful products obtainable
from the gas end here. The gas consists of several,
chemically distinct, gases, known generically as
hydro-carbons, among which methane and butane
may be mentioned. It is possible to separate these
constituents by appropriate physical means and to use
each one as a taw material for the preparation of other
chemical compounds of industrial impostance. Thus,
by treatment with chlorine, the methane can be con-
verted into chloroform and the butane into butyl
chloride and thence into butyl alcohol, which is largely
used as a valuable solveat for cellulose lacquer. Fous-
teen yeats ago, to take another example, the research
chemists of the Anglo-Petsian Oil Company showed
that the high explosive, trinitrotoluol (T.N.T.),
originally produced from coal tar, could be obtained
from Petsian as well as from other petroleums and
latge quantities of this explosive wete so made duting
the wat.

Indeed the gas and the whole of the petroleum,
taken together, constitute a potential raw material for
a stupendous chemical industty, as great as, and
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possibly greater than, the combined synthetic dye and
drug industries which have grown out of the once
under-valued coal tar.

The laboratoty researches and the semi-large scale
investigations on the preparation from the gas of all
these and other industrial by-products have been
brought to the point, or neatly to the point, when
large scale commercial production can begin.

* ¥ * ® *

To summarise this outline of the gas stoty, as far as
it has been told, we have seen that from the gas,
which at first was burnt as mere injurious waste, a
gaseous fuel, for industrial and domestic use, is ob-
tained, as well as needed by-products, such as gasoline,
benzole, carbon black, hard carbon, sulphur and car-
bon bisulphide. The residue of the gas goes to be
butnt in those flates which, for the visitor at least, ate
still, perhaps, the most fascinating spectacle in Fields.
From a daily production of about four to five million
gallons of oil it is estimated that, despite all that has
been done, some twenty five to thirty million cubic
feet of gas per day are so burnt—a stupendous total,
enough to supply, for purposes of heat, light and
power, the daily needs of Glasgow.

Cest magpifique mais ce west pas Pindustrie! It is
impossible to believe, therefore, that we have got to
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the end of the gas story. As long as those flates burn,
the scientific soul of the Anglo-Persian Oil Company
must be disturbed by the question: “What bettet
use can be found for this gas?”

In America natural gas has been conducted through
mains to latge towns, many miles distant from the
soutce of the gas, and there put to wide industrial
and domestic uses. It has also been compressed in
cylinders for distribution. ‘There are no large towns,
industrial or otherwise, in Persia which are within
reach of Fields and to which the gas could be usefully
sent. Shushtar, some thirty-five miles away, is the
nearest; but who that has visited that romantic
Persian city, with its narrow mud streets, its houses
and bazaars of sun-baked mud or brick, in picturesque,
or other, disarray, can for a moment think of any
useful thing to be done with the gas if it were got
there? The only power in Shushtar used for industrial
purposes is the abundant water flow of the Karun
river which tutns the wheels of the ancient mills that
yield the stone-ground flour. Everything clse in
Shushtar that can by any stretch be called industtial,
and it is but little, is mete handicraft. And even if
some bold adventurer wetre to embatk there on
industrial manufacture, relying on the gas from

Masjid-i-Sulaiman fot power, whither would he send
his ptoducts?
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The problem of those twenty-five to thirty million
cubic feet of gas per day remains. It is neither for-
gotten not neglected. Attention has already been
drawn to the proposal to teinject this gas into the gas
domes as a means of re-pressuring the field. In this
connection, too, mention may be made of an analogous
operation, already adopted, namely, the reinjecting of
fuel oil, which is sutplus to market requirements, into
the oil reservoit, after having saturated it with gas at
reservoir pressures. The teason for this last precaution
is that, if the fuel oil were returned to the reservoix
without its full gas content at tesetvoir pressutes, it
would, of course, absorb gas from the crude oil, and
so, by reducing the gas ptessure, in course of time
teduce the flowing lives of the wells. To discover
further means of utilising this gas and saving it
from total loss to humanity, the writer was assured, is
the ultimate goal towards which research at Fields
is directed.



CHAPTER VI
RESEARCH AT FIELDS

Brrore we leave Ficlds for a time—reluctantly, as
evety visitor leaves Fields—in order to follow the
crude oil through the pipe line to the refinery, some-
thing mote should be said of the scientific wotk done,
and of the equipment and facilities for experimental
teseaxch provided there.

The chemical tesearch department at Fields is in
charge of the Chief Research Chemist (Persia) who is
stationed at Fields and who is also 2 member of the
technical staff of the General Manager., He is assisted
by 2 number of British chemists. In accotdance with
the general policy of the Company to associate Pet-
sians mote and more with the development of the
Company’s operations, a number of Persians who
have received a higher school or university education
agre being trained at Fields as chemical assistants
and show great promise of becoming useful mem-
bers of the Company’s personnel.

The primary function of the Fields chemical labota-~
tories, a description of which will follow shottly,
is to provide accommodation for research into those
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problems which ate more conveniently investigated
on site, such, for cxample, as depend on ample sup-
plies of raw materials available only in Petsia, and
which cannot, thetefore, be stadied at the Company’s
main Reseatch Station at Sunbury-on-Thames.

A complete liaison has been established ensuring
effective co-ordination of all the research work undet-
taken in Petrsia and at home. The Chief Research
Chemist (Persia) and the Chief Research Chemist at
home keep in the closest touch, so that new ideas can
be promptly discussed, plans for the investigation of
these ideas drafted, and difficulties arising in the coutse
of the tesearch dealt with. In this way needless over-
lapping or the duplication of investigations is pre-
vented. Moreover, by means of a rotation of staff
between the two research stations, the research che-
mists working at home acquire first-hand acquaint-
ance with the conditions prevailing abroad, while
those working in Persia are enabled to keep abreast
of the latest developments in apparatus and methods
of research. Thete is thus free diffusion of knowledge
and practice between home and Fields, and a cottes-
ponding, close pattnership between the scientific
staffs concerned.

When the writer was at Fields, among the mote
important gas problems then in course of investiga-
tion were: the determination of the ratio between oil
and gas and of the gasoline content of the gas, under
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all flowing conditions; the pyrolysis or cracking of
the gas for the production of liquid products; and
the elucidation of the conditions under which the oil
and gas co-exist undetground. In addition to these
problems investigations were proceeding on the
making of carbon black, hard catbon, the recovery
of sulphur and the synthesis of new compounds.
The development of all these teseatches has led already
to promising results, and, as was inevitable, has
opened out new lines of investigation. The synthesis
of new compounds, for example, opens on to an
almost illimitable field of tesearch. To take just one
llustration: it has been found that olefine gases
invariably accompany the thermal decomposition of
pettoleum hydro-carbons. These olefines are chemi-
cally reactive and to the chemist offet a most attractive
starting out material. Chlorine can be combined with
them, so can hypochlorous acid; the product of the
latter reaction is treadily converted into glycol, an
intermediate product of great impottance in industry
and a valuable substitute for glycerol. The elements
of water (hydrogen and oxygen) can also be attached
to olefines, and the resulting products ate alcohols.
The higher alcohols, such as ptopyl and butyl, fotrm
the basis for valuable solvents and, moteover, sol-
vents that are greatly demanded in the new and
growing lacquer industry.  Again, these simple
detivatives can give rise to further chemical entities
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—ecthers and esters—which find an ever incteasing
market in the chemical industry.

Tt should be noted that, besides these wide and
vatied ptoblems of research, a great deal of routine
wotk is done in the labotatoties, involving the regu-
lat, chemical analysis or examination of the vatious
matetials produced or consumed at Fields. ‘The milk
supply, for example, is tested daily and the water
supply periodically. Minor investigations are from
time to time undertaken to solve difficulties or doubts
arising in the coutse of the Company’s opetrations,
for example, on the geological or the engineeting side.

New research laboratories of special desigh and
with modern equipment were built in 1926, in an
enclosed area of about five acres, situated at Bibian,
not far from the centre of Fields. In the construction
of these buildings the maintenance of a cool and
unifotin temperature during the hot summer months,
when the thermometer may tise to 120°F. in the
shade, has been the first consideration; and the
orientation of the main labotatory, the thickness of
the walls, the roofing and the ventilation have all
been designed to secure this object.

The main building is 132 feet long by 56 feet wide
and is constructed of two stecl frames and local stone
and gypsum. The roof is of corrugated iton coveted
with carbolastic. The ceiling throughout is of beaver
boatd with ample air space between it and the toof.
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Wide central passages divide the building into fout
sections. ‘The half of the building that contains all
the labozatoties is fitted with inlet ducts which supply
cool ait from a centtal duct connected to a water-
sptay air-cooler placed outside. A small refrigerating
plant to keep two rooms at temperatures of o°C, and
15°C. respectively and to make about one cwt. of
ice a day is also installed. The other half of the build-
ing contains the wotkshops (fitted with drilling
machines, lathe and forge), stozes, libraty and typists’
toom, and is well provided with electric fans.

Besides the main chemical laboratory and the phy-
sical laboratory there are tooms for special purposes,
such as a dark room for photography, an oil testing
room and a room for high pressure wotk and combus-~
tions, All the laboratoties are fitted with a supply of
putified natural gas, steam, watet, compressed air and
vacuum, Thete ate also subsidiary buildings in the
grounds for larger scale experimental work, such as
the experiments on gas pyzolysis or “cracking.” A
meteorological station, with a standard scteen and
instruments, has also been established.

It is true that, as has heen well said, the results of
teseatch come from men and not from buildings o
ftom apparatus. But in the research buildings at
Fields the Company has ptovided for the men a local
habitation for tesearch that will bear comparison with
the most modetn teseatch laboratoties at home,
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CHAPTER VI
THE PIPE LINE

Ir will be rtemembered that we followed the crude oil
as far as the first pumping station at Tembi, some
five miles from Masjid-i-Sulaiman, We have now to
see how this crude oil is transported to the refinery at
Abadan.

A few only of the salient featutes of this stage of
the operations will be dealt with here, though the
stoty of the laying of the pipe line in the eatly days of
the Anglo-Persian Oil Company is not the least ro-
mantic in its annals, That story has, howevet, been
told before and it lies somewhat outside the purpose
of this essay. The distance between Tembi and Aba-
dan along the pipe line is approximately 135 miles.
The pipe Jine has to cross two tidges, the Imam Raza,
at a height of 1,566 feet, and Tul Khayaat, at a height
of 1,308 feet, above sea level, before it passes through
the foothills on to the desert. Tembi, it should be
stated, is 618 feet above sea level.

The problems of the pipe line are, as may be
expected, mainly engineering problems calling, at
times, for the highest skill and ingenuity. The sec-
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tions of steel pipe are screwed into one another and the
most frequent difficulties arise from breakages in the
pipe line due to alternate expansion and contraction,
caused by the wide variation of temperature from
winter to sumamer, The pipe line is curved at suitable
places to enable the line to take up these expansions
and contractions without fracture. Valves are intro-
duced at intervals for stopping or regulating the
flow.

It may be mentioned that, though the construction
of the pipe line is nothing novel in engineering prac-
tice, the Company has evolved, for the vatious parts
needed, its own standard specifications, which are
matkedly high in relation to those generally employed,
and the tolerances—i.e. the departures allowed from
the standards set—are correspondingly natrow.

Oil, like watet, will not climb a hill, and, even on
gentle downwatd slopes of the desert, the viscosity
and friction are such that the flow would be too slow
for practical putposes. The oil, therefore, has to be
dtiven through the pipe line.

At Tembi there is a pumping station, equipped with
modern plant and machinery, which, it is claimed, is
not excelled, if equalled, in up-to-date efficiency by
any other pumping station in the wotld, The fuel
for steam-raising is the natural gas from Fields and
much expetimental work is being carried out as to
the best types of butner, futnace and boiler for the
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gas under these industrial conditions. The pumps ate
powerful centrifugal pumps driven by steam turbines.
They discharge the oil at a pressure of Goo pounds to
the square inch and drive it as far as the next pumping
station, thirty-eight miles away, at Mulla Sani. By the
time the oil has arrived at Mulla Sani the pressure,
owing to friction and other causes, has dropped to
from 2o to 30 pounds to the square inch. At Mulla
Sani, therefore, the pressure is “boosted up” again to
600 pounds to the squate inch, to drive the oil through
another thirty-two odd miles of pipe as far as Kut
Abdulla. Here another boosting station sends it to
Dorquain, thirty-five miles distant, whence, by a final
boost, it is driven thirty miles to the Bahmishir, a
tributary of the Shatt al Arab, neat to Abadan. Thence
it goes to the ctude oil storage tanks on the fringe of
the refinery.

It should be explained that, in order to secure
flexibility and to maintain average “throughput,” at
each pumping station there are storage tanks of such
capacity that, should there be pipe line or station
troubles, the next station below can continue for
some time to be supplied with oil, while tepairs are
being effected, and the oil entering the station imme-
diately above can be stored until the disabled station is
ready to teceive continuous supplies.

There was one problem in connection with the pipe
line of sufficient scientific interest to be worth mention
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hete. In the eatly years serious difficulties arose
because of the corrosion of the pipes crossing the
desett. Long lengths of the pipe line wete put out of
action by cotrosion after only twelve months’ use.
The question of finding, by experimental investiga-
tion, a suitable protective paint was considered, but
it was realised that, assuming that a suitable paint
wete found, the coating would probably have had to
be renewed annually and the cost would have been
great, pethaps prohibitive. The solution was found
otherwise; it provides an excellent example of the
combination of acute observation with common
sense—one form of science, it may be hoped.

The desert crossed by the pipe line is, of course, not
all flat. It has slight undulations. It was noticed that
the pipe line was neatly always most cotroded where
it xested on the crests of these undulations and least
cortoded where it touched the lower flanks of the
undulations, It was well-known that the soil of much
of the desert traversed is impregnated with common
salt—the traveller cannot fail to notice the salt as a
white incrustation often stretching for miles. The
deduction was hazarded that, when rain fell, the crests
of the undulations, off which the water ran rapidly,
had little of the contained salt washed out; wheteas
the soil of the lower flanks, through which the water
petcolated and flowed freely, was probably freed of
salt by the mere washing; and that the salt was the
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ptimary cause of the cotrosion. The fact, also noticed,
that a Persian gardener was in the habit of sweetening
his garden soil by letting water run freely through it
added point to the hypothesis.

Polished pieces of steel tubing were accordingly
butied, some in washed soil and others in unwashed
soil; the former showed little ot no corrosion, the
latter the usual corrosion, aftet the period allowed for
this rough test. In this way the deduction as to the
cause of the corrosion of the pipe line was held to be
confirmed and the cure was sought, and found, by
digging a channel in the earth around the pipe line
and letting the periodical rains wash out the salt from
the soil about the pipe.

Befote we leave the pipe line, attention may be
drawn to the scientific treatment of another problem
arising out of this method of transporting the crude
oil. We have seen that pumping stations are required
at definite intervals to boost up the pressute sufficiently
to maintain a steady flow of oil from Fields to the
refinery. ‘The pressure falls between one boosting
station and the next, as has been said, from 6oo pounds
to the squate inch to 20 or 30 pounds to the squate
inch. In order to secute the utmost efficiency of
flow and to provide a safe margin for increasing the
flow, if needs be, it is necessaty that the pressure from
station to station should, as far as possible, be graded;
that is to say, drop gradually and continuously and
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not be liable to spasmodic or local rises. Otherwise it
might happen that the pressure developed at some
point would be the maximum pressure the pipe could
withstand. Such a state of things, apait {rom the risk
of breakage, would, of coutse, give no margin for
increased flow. Accordingly a careful survey was
made of the distribution of the pressures developed
along the whole length of the pipe line and a graph
was drawn showing the variations of the pressure
along the line. By introducing extra parallel lengths
of pipe at places where the graph showed local in-
creases of pressure, the graph showing the fall of pres-
sure was smoothed out; in other words, the pressure
drop along the pipe was made gradual instead of
being jerky, and, in particular, the development of
dangerous pressutes at certain points was avoided.

The pipe line is the main artery through which flows
the liquid stream on which the very life of the Com-
pany depends. At Ahwaz on the river Karun are
focussed, under the general direction of the superin-
tendent of the pipe line, all those problems that atise
as to the maintenance and improvement of that vital
tube, These problems range from difficulties such as
those just described to far reaching schemes for ever
more efficient and economical transport of the crude
oil from Fields to Abadan.



CHAPTER VIII
WATER, ELECTRIC POWER AND LIGHT

'THE reader will have appreciated that, for the several
large scale industrial operations that have been des-
cribed, there are four primary needs—water, fuel,
light and power. The provision of the fuel required
at Fields has been described in the coutse of the gas
story. It is time now to explain whence come the
water, light and powet.

Until 1926 the main water supply for Fields was
obtained from the river Karun at Dar-i-Khazineh.
There a pumping plant drew the water from the
tiver and drove it through mains, following generally
the road and light railway to Fields, some thirty-
eight miles away to the north-cast. Now Fields water
supply is drawn from a point higher up the Karun
rivet, at Gudar-i-Landar, north of Fields and distant
from Maidan-i-Naftun about twelve miles. The
change has meant not only a shorter distance for the
water to travel, but purer water at less cost. It is
estimated that the water is obtained from Gudat-
i-Landar at one-foutth of the cost of getting it from
Das-i-Khazineh.  The pumping station at Dar-i-
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Khazineh is still kept in being, as a standby in case of
emergency.

It is rather beside outr putpose to desctibe, in any
detail, the engineering side of the Company’s opeta-~
tions, The engineering problems are, of coutse, just
as scientific as the other problems that have been or
will be discussed, but they constitute a subject too
great for the compass of this essay. A visit to Gudat-
i-Landatr is, however, such a notable excursion from
Fields that it deserves a slight digression.

Leaving Maidan-i-Naftun, the centre of Fields, we
motor along roads, constructed by the Company,
which follow the chosen contours of the innumerable
hills, and gradually climb to Tul Bazun. A little be-
yond this the road ends abtuptly on the edge of a
plateau, some z,200 feet above sea level, which is
terminated by a steep and rugged mountain side.
Nearly a thousand feet below the edge there is a
narrow valley, beset by bare hills, the strata of which
outcrop vettically in rows upon rows of natural stone
walls. Five and a half miles down that valley is the
pumping station on the left bank of the Katun river
at Gudas-i-Landar.

Thete is no road down the mountain side: to con-
sttuct one would be impracticable. Our car is, there-
fore, left at the top and we proceed to slide down the
mountain—with the help of suitable mechanical
means. Rails have been laid, on sleepers, down a
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shallow cutting in the mountain side, from the top
at Sat-i-Gach to the bottom at Pat-i-Gach. The drop
is about 950 feet and the length of rail 2,158 feet,
giving a gradient of neatly 1 in 2. A simple fous-
wheeled trolley, held by a wite cable paid out from an
electrically driven winding engine at the top, takes us
down, and, when we tctutn from Gudar-i-Landar, will
bring us up. This is what they at Fields call “The
Slide™ and they are, justifiably, not a little proud of it.
At the bottom a waiting car, summoned from Gudar-i-
Landar by telephone, takes us down the valley to the
pumping station.

The power at Gudar-i-Landat pumping station is
electric and is derived from the Tembi power station
which will be described shortly. The current is trans-
mitted at 11,300 volts and is transformed to 440
volts for the motors at Gudat-i-Landar. The motors
are of 350 horse power and centrifugal pumps send
out the water at a pressure of 8oo pounds to the
squase inch. The whole plant is of the latest modern
type and has sufficient power to pump a million gallons
of watert per day.

But perhaps the most interesting feature seen on
this fascinating trip is the means adopted to draw the
water requited from the Karun River. At Gudar-i-
Landar the river, lowing over a rocky bed, is subject
to great fluctuations of flow. A rise of as much as
45 feet in the level of the water may be expected in
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flood time. By an ingenious device, provision has been
made 1o cope with a rise of no less than 7o feet. A
steep, conctete slipway leads from the top of the high
bank to the river bed. 'The pump housc 1s built on a
wheeled bogie, mounted on rails laid along the slip-
way. From a small house, on the bank above, winches
draw in or pay out a cable which raises or lowers the
pump house according to the rise or fall of the tiver,
the electric cable transmitting the powet to the pump
house betng dtawn in or paid out at the same time.

From this sising and falling pump house the water
is pumped into two large storage reservoirs, fitted
with sluices and all modern appurtenances, and each
capable of discharging half a million gallons of water.
From the storage reservous the water is drawn, as
required, and driven by powerful pumps through an
8-inch water main to the foot of The Slide and thence
to the top at Sar-i-Gach, whete there are storage
tanks with a capacity of 6,4000,000 gallons. From
these tanks the water 15 led by mains to the Fields
area for industrial and domestic use.

The whole design, consttuction and equipment of
this new pumping station at Gudas-i-Landat, for which
practically all the materals, including the girdets and
heavy machinery, had to be let down The Slide, leaves
on the visitor’s mind an abiding impression of effi-
ciency and of triumph over physical difficulties.

To come to the question of the electric power and
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light, there is at Tembi, on the river Tembi, over
apainst the gteat pumping station which has been
described in the section on the Pipe Line, a great
power station, It was begun in a2 modest way, pro-
vided with two dynamos, driven by reciprocating
engines and yielding 350 kilowatts. As the cty for
more power became urgent two steam turbo-alter-
nators were added with an output of 1,500 kilowatts
and in Decembet, 1926, anothet steam turbo-alternator,
with an output of 3,000 kilowatts, was installed, as
well as the most modern type of switchboard. The
fuel used is the natural gas from Fields.

The power is distributed by high tension overhead
wires at about 11,000 volts to practically the whole
area of Fields, as well as to Tembi itself and Tul
Khayaat. Transforming stations, suitably placed,
enable the voltage to be stepped down to the appro-
priate pressure wherever the curtent is required. The
wide distribution over Fields atea of the high tension
cutrent enables electric power frequently, if not
always, to be used for well drilling, which, as
compared with steam power, results in economy of
cost and accelerated drilling time.

For all these enginectring developments, the results
of finely directed and organised efforts, spontaneous
and admiring tribute was paid in all quatters to
Mz. J. Jameson, for so long the General Managet,
and now a Deputy Ditector, of the Company.



CHAPTER IX

REFINING THE CRUDE OIL

Tuxr crude oil, it will be temembered, was left in the
Storage Tank Farm on the fringe of the great refinery
at Abadan. An attempt must now be made to indicate
broadly the general character of the scientific work
done by the Anglo-Petsian Oil Company in obtaining
from the oil the petrol, the kerosene and the other
products, to provide which is the primary purpose of
the Company’s existence.

The reader should be warned afresh that this essay
is not to be taken as a technical summary, or even a
substitute for such a summary, of the methods of oil
production and refining. In dealing with the scientific
aspect of the work of the refinery it will necessarily
be difficult to keep the natrative within the bounds
sel, for every step in tefining is a scientific process
and tempts some comment or explanation. It will be
best, therefore, to confine out attention, for the
most patt, to some salient features of the scientific
investigations that are undertaken at Abadan to
improve the process of refining, selecting those that
llustrate our general theme.
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We have previously spoken (p. 83) of the
crude oil being deliveted from the pipe line into
the refinery storage tanks, but this is not strictly
accurate. It will be remembered that the oil
carries in solution large quantities of gas which
is required for use as fuel. This precious gas
(and with it some even motre ptrecious petrol)
would evaporate and be lost if the oil were allowed
to stand in tanks at atmospheric pressure. The first
step, therefore, is to secure and retain the most volatile
constituents of the “crude” before they can escape.
To effect this the crude is led directly from the pipe
line to heaters, which raise its temperatute to about
120° F., and thence into large towers which are kept
under vacuum, The oil flows down these towers and
away to the refinery, but, during the passage through
the towets, the gas and some of the gasoline which was
injected at Fields are sucked out of the oil by the va-
cuum and are led away to a gasoline recovery plant.
Here the gasoline is separated from the gas and, after
stabilisation, is mixed in due course with the test of the
motor spitit, while the dry gas enters the gas main
that feeds the boiler furnaces with their fuel.

It should be noted that this process of “degassing”
the crude oil immediately on its arrival at the refinery
reduces evaporation losses to the minimum, and that
the scientific handling of the crude oil, in the manner
we have desctibed, so as to maintain it under pressuse
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from the time it leaves the oil rock until it reaches the
refinery, is possible only where the whole oil field
and the refinery are under one control, such as obtains
in the great Persian Field.

The crude oil as it reaches the refinery is, of coutse,
a complex mixture of many compounds. It contains,
actually or potentially, such substances, for example, as
tar, pitch, paraffin wax, lubricating oil, fuel oil, kero-
sene or lamp oil, and pettol or motor spirit. Mote-
over, there is no hard and fast division separating, say,
the fuel oil from the kerosene or the kerosene from
the petrol. As we pass from the lubricating oil to the
petrol, in the order just recited, we pass continuously
from heavier to lighter fractions, i.e. from less volatile
to more volatile products. The process of refining
consists essentially in separating these fractions by
distillation and in purifying the distillates by the
removal of certain undesired ingredients,

At the Abadan Refinery thete is a process chart
showing the sequence and connections of all the refin-
ing opetations. It is petfectly clear and intelligible,
not only to the technician, but to the average visitor.
Since, however, it looks as formidable as would a
composite diagram of a genealogical tree and a rail-
way junction, it is not inserted here. It would be
tediously technical to give anything approaching a
detailed description of the processes of refining, but
the teader who is interested in this aspect of the
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Company’s wotk may be glad to have the following
summaty of some outstanding and fundamental
featutes of refining as carried on at Abadan,

The crude oil, “degassed” in the way we have
desctibed, is pumped while still warm to the distilla-
tion benches, whete it is distilled, in pipe stills and
bubble towers of the latest type, into petrol, kerosene,
gas oil and fuel oil. There are many advantages,
besides that of avoiding evaporation losses, in dis-
tilling a crude oil from which the gas has been pre-
viously removed. The outstanding advantages are
that neatly all the hydrogen sulphide is removed with
the gas, so that much of the cotrosion of the distilla-
tion plant that would otherwise be caused by this
constituent is eliminated; and the absence of fixed
gases in the vapour evolved from the oil during
distillation enables the condensers to operate under
vety efficient conditions and so reduces the quantity
of cooling water required.

Bach distillation wunit handles approximately a
million gallons of crude oil per day and produces
distillate of market specification needing no redistilla-
tion. Moteovet, owing to the efficient design of the
furnaces and to the excellent system of heat exchange
adopted, the fuel consumption is comparatively low.
The yield of products from this pipe-still system of con-
tinuous distillation is appreciably higher than that
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obtainable by the time-honoutred, shell-still method of
distillation,

The gas oil and the fuel oil as distilled are finished
products and are pumped directly to storage tanks,
but the petrol and the kerosene require a chemical
putification before they are ready for the market,
This treatment is primarily one of de-odotisation, as
these products contain small quantities of evil-
smelling compounds of sulphur which have to bhe
removed.

The treatment of the petrol is cartied out in a
highly ingenious “washery” plant, invented and
designed by the Anglo-Persian Oil Company’s che-
mists and engineess. It operates on the “continuous
counter-custent” principle, ie., the oil flows con-
tinuously through the plant in one direction and is
brought into intimate contact with the purifying
chemicals which flow through the plant in the oppo-
site direction, Thus the purified pettol leaves the
plant at one end while the exhausted chemicals leave
at the other end. Moteovet, the application of scien-
tific principles in the whole design of the plant has
resulted in its operation being almost automatic, so
that a washery, capable of purifying five hundred
thousand gallons of petrol pet day, can be com-
pletely controlled by one man.

The kerosene is desulphutised and purified by
means of liquid sulphur dioxide. ‘This treatment is
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cartied out in a continuous counter-current Edeleanu
plant of the latest type in which the sulphur dioxide
is used over and over again with negligible loss.
The tefined kerosene is finally further purified by
filtration through bauxite.

At the Abadan refinery there are a staff of chemists
and chemical laboratoties uader the charge of a
chief chemist. As in the case of the Fields chemical
staff so here there is complete liaison and a rotation
of staff between Abadan and the tesearch station staff
at Sunbury-on-Thames. A good deal of routine work
is necessatily carried on, for example, in the daily
testing of the various products at each stage of the
process. What, however, is more to out putpose is to
note the tecognition by the Company that there is,
and can be, no finality in any of the processes adopted.
A sleepless scepticism of the perfection of existing
methods is the price of progress. Research is prose-
cuted continuously into methods of improving evety
stage of the process and also to secute adjustments
and modifications needed to meet special demands or
particular difficultics arising out of the natute of the
material being treated.

A considerable patt of the refinery plant at Abadan,
when the writer was there, was being teconstructed,
in order to bring it into line with the new knowledge

G



98 In a Persian Oil Field

gained, not only from these researches, but also from
the co-ordinated investigations undettaken at Sunbury
and from the experience acquired in the new refinety
at Llandarcy. These reconstructions have since been
cotnpleted and have brought the Abadan refinery
abreast, and in some respects ahead, of the most ad-
vanced refineries to be found elsewhete in the wotld.
The whole refining process at Abadan is very flexible,
so that the proportions in which the various products
—petrol, kerosene, gas oil, fuel oil—are obtained can
be varied within wide lumits and thus the fluctuating
needs of the market for one or another product can
be readily met. This desirable flexibility is now being
further increased by the installation of cracking equip-
ment which will enable fuel oil to be converted into
motot spitit.

There is, too, at Abadan a semi-large scale plant for
investigations on the pytolysis ot ctacking of the gas,
stripped of its gasoline, on lines similar to thosc fol-
lowed at Fields, with a view to getting from the lightest
fractions of the gas by a sort of synthesis—“poly-
merisation” is the chemical term we are trying to
avoid—heavier liquid fractions, among which ben-
zole may again be mentioned. The introduction of
benzole as an ingredient in the motot spirit, it may
interest the motorist to leatn, is to meet the needs of
highly specialised internal combustion engines. When
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we come to describe the research work done at the
research station at Sunbury-on-Thames we shall see
that investigations are being undertaken into the
varied and extensive problems raised by the use of
motot spirit in internal combustion engines.

When, therefore, the pyrolysing or cracking plants,
both at Fields and at Abadan, are in full scale working
order there will be obtained from otherwise waste
gas abundant supplies of useful and needed liquid
products.

One feature of the refinery plant is worth mention
as an instance, among many, of the adoption of
modern efficient machinery. The oil and the various
intermediate products travel to and from the nume-
rous units in the refinery plant through an intricate
maze of hundreds of miles of pipe—almost as bewil-
dering to the layman as the connections of a telephone
exchange. This vast circulatory system is main-
tained by the use throughout the refinety of electri-
cally drivet. centrifugal pumps for all pumping put-
poses.

The light products of the refinery plant are led away
to storage tanks at Bawarda, approximately two and a
half miles down the Shatt al Arab ftom Abadan,
there to await shipment in the tankers. The storage of
these volatile products is located at such a distance
from the refinery in order to minimise the danger of
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fire duting loading. These tanks at Bawarda deserve
noticc as anothet example of the application of
scientific principles, If the normal type of domed
cylindrical storage tank, of fixed capacity, were
employed, great waste would be involved, patticu-
latly in Petsia, where in summer the day temperature
rises to 120°F. in the shade. During the day, the
summer sun’s rays, beating on the roofs of the tanks,
would cause expansion, vaporisation and escape of the
valuable petrol into the atmosphere. During the cool
night contraction and condensation would take
place and air be drawn into the tanks, Thus the tanks
would behave like enormous lungs, in diastole and
systole expiring the needed petrol duting the dayand
inspiring the unwanted air duting the night. The
company has, thereforc, adopted tanks with toofs that
float on the surface of the liquid contents, and, by
thus eliminating the space between the roof of the
tank and the level of the liquid in it, the “carbutation”
losses during storage are reduced to a minimum,

Thete is, of coutse, at Abadan an electric powet-
station, as well as a pumping station for the industrial
water supply drawn from the Shatt al Arab. The
fuel used for steam raising is oil, though a certain
amount of the stripped gas evolved in the distillation
process 1s also so used.

Nor is artistic amenity forgotten. In front of the
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chief administration offices at the refinety a great grass
plot has been laid for no other purpose than to gladden
the eye. It need hardly be said that in a desert land,
whose normal colour is that of dry mud, a grass lawn
is, indeed, “a thing of beauty and a joy for evet.”



CHAPTER X
RESEARCH STATION AT HOME

THE salient features of the scientific wotk done in
finding, getting, transporting and refining the crude
oil have now been broadly reviewed. We have seen
that both at Fields and at Abadan the chemical staffs
and the wotk they do are brought into co-ordination
with the scientific investigators and the research wotk
done at the chief research station at home. Before
leaving the mote strictly scientific aspects of the
Company’s activities, in ordet to describe the not less
important or significant work on the educational,
health and social sides, it will be well now to describe
the general character of the wotk done at Sunbuty-
on-Thames.

The decision to establish a tresearch station was
taken inh 1915. The selection of the site chosen—
eighteen miles from London—was determined by the
considetation that the research staff must be in the
closest personal contact, hot only with the netve-
centre of the Company’s organisation in London, but
also with the most recent developments of scientific
thought and activity, the most eminent of scientific
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societies and the most complete and up-to-date of
scientific and technical reference libraries. These
latter things, it is needless to say, are centred in
London.

In view of the necessatily wide and varied range of
the scientific investigations to be undertaken, the
Station was laid out as a group of separate buildings,
each of which was designed and equipped for a speci-
fic type of work, ranging from pute cheinical reseatch
on the individual chemical substances present in
petroleum and pure physical tesearch on the theory
of lubrication to long-period tests on Diesel engines
and complete refining of crude oil on a scale up to one
ton.

The chemical laboratories, with the library, drawing
office and engineering shop, constitute the central
block of buildings. There are also the experimental
refinery, the powet house, the boiler house, the
experimental house and a latge engine test house.

A good deal of analytical work is necessarily done in
the regular testing of samples of the crude oil and of
the vatious refinery products, as well as in the exami-
nation of specimens of oils, waters and mineral
deposits sent home by the Company’s geologists and
engineers.

Moreover, careful analytical control and record is
kept of the quality of such items as tefining chemicals,
watet and water-softening components, building
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materials, steels and other alloys, paints, enamels and
the hundred-and-one miscellaneous articles used in the
varjous activities of the Company. An important
phase of this worlk is the development of improved
ot new methods of analysis, several of which have
been subsequently adopted officially as British stan-
dard methods.

In the chemical rescarch laboratories new ideas, new
materials and new processes ate tried out on the “test-
tube scale,” i.e., with ounces, or smaller quantities,
of matetial in glass apparatus. In the expetimental
refinery these experiments can be translated to a
larger scale in steel plant which is a teplica on a te-
duced scale of the still latger units of the commercial
refineries. ‘Thus it is possible, after a preliminaty
examination in the laboratory, to distil a selatively
laxge quantity of any new crude oil and to prepate
from it all the main derivatives in a refined condition,
on 2 scale which is nearer to refinery conditions and
which is of greater guidance, as regarf? costs and
practical, large scale technique, than a laBoratory test
alone can be. ‘

Before indicating some of the outstanding featutes
of the reseatch problems dealt with at Sunburty
(and these tange from entomology to boilet insulation
and from atomic physics to Schneider Trophy engines)
it is worth while to draw attention to one section of the
research work, significant of the wide and long views
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taken by the Company as to the scope of the researches
that may legitimately be undertaken.

The petrol and the heavier fuel oils produced ate,
of course, destined for industrial use in internal com-
bustion engines. The problems of the oil to be used
and of the engine that is to use it are regarded as being
so closely related that no researches into the one can
be complete without correlated and simultaneous
researches into the other, An Engine Research De-
pattment has, therefore, been created and two large
test houses erected. One of these contains a series of
typical Diesel engines ranging from eight to sixty
horse-power. These are used for experiments on
various fuels, on lubricating oils and also on sew
modifications of engine design. Incidentally they serve
another purpose, for at the same time they provide the
whole of the electrical power required by the reseatch
station,

The other test house is devoted to petrol engines
and Is divided into two sections. One of these is
subdivided into separate cubicles, each of which
houses special research engines of a type designed in
this Department. These engines are small single
cylinder units on which every conceivable vatiable,
including compression ratio and load, can be sepa-
rately controlled and adjusted while the engine is
running. These engines can, therefore, be set to simu-~
late any design of internal combustion motot and any
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tuhning conditions (for the cubicles can be cooled to
arctic, ot heated to tropical, temperatures, with
adjustable humidity); and, consequently, Persian motox
spitit and Persian lubricating oils can be tested under
every condition they are liable to meet in the wotld’s
markets. A great deal of most important reseatch on
fuels and on engine design has been done with these
engines and a new method of assaying petrols for
anti-knock value has been wozrked out in this labota-
toty and published. Incidentally, it is of intetest to
tecord that the B.P. fuel used by Sir Henty Segrave in
achieving the Wotld’s Record Land Speed of 231
m.p.h., at Daytona, was developed by the use of one
of these engines and was supplied from Sunbuty.
Moreover, replicas of these engines are calibrated at
Sunbury and then issued to all the Company’s refine-
ties, so that each refinery can ensure that the spirit it
issues to the markets is of a definite and uwavarying
quality.

The othet: section of the petrol engine test house is
equipped with typical motor cycle, motor car and
motor lorty engines, on which long period tests can
be made and measutements of acceleration, power
output, fuel and oil consumption, engine wear and
similar important factors can be tecorded.

It not infrequently happens that in the coutse of
expetiments on a patticular make of engine some
modifications in design are discovered which make 2
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potable improvement in the results which can be
achieved. It is easy to see that the friendly co-opera-
tion which such work stimulates between motor
engine designer and petrol producet cannot but be of
great value o both of the great industties involved and
also, of coutse, to the general public.

The reseatch work undertaken at, ot ditected from,
the chief research station at Sunbury gocs, however,
far beyond the utilitarian aims that have been indi-
cated. It is obviously useful and, indeed, important
to discover how to test fuels and to adapt them to give
the most efficient service in an engine; or, conversely,
how to design or adjust an engine to yield the best
service with a given fuel. But the aims and aspira-
tions of the research chemist ate not satisfied until
answers are obtained to the moze profound questions:
Why do these adaptations produce the desired re-
sults and what is the fundamental mechanism undes-
lying the whole process of combustion or explosion
in the cylinder of an engine? Not only the “how”
but the “why” has to be known, if the experimental
wotk of the research chemist is to be ditected by 2
logical sequence of thought, founded upon a definite
basis of scientific facts, and not be a tete haphazard
empiricism, following a “hit or miss” procedure.

We find, therefore, that fundamental reseatch, as
distinguished from directly utilitarian investigation,
constitutes no small proportion of the activities of
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the Company’s tesearch depattment. Thus funda-
mental tesearch on the mechanism of flame propaga-
tion in an engine cylinder is being cartied out, while
other lines of research at present in progtress ate con-
cetned with the nature and mechanism of lubzication
and with the actual chemical entities of which petto-
leum is composed. Such work is necessarily of an
intricate and even recondite character and demands
reseatch workers of the highest ordet, in knowledge,
training, skill and expetience. The tesearch depast-
ment of the Anglo-Persian Oil Company, therefore,
has wisely sought and maintained close contact with
those universities which specialise in the particular
type of problem under investigation.

The Company has a scientific advisory council,
consisting of Professot Thorpe, Professor Wheelet,
Professor Rankine and Professor Lees, on the chemical
and physical sides, and of Sit Thomas Holland, Pro-
fessot de Bosickh and Mr. T, Dewhuist, on the geolo-
gical side, for constant consultation in the initiation,
prosecution and correlation of the vital fundamental
researches needed.

Nor has such an apparently academic and remote
ptoblem a2s the origin of natural pettolenm been
ignored. Contributions on this subject have been
made to learned Societies by membets of the research
staff of the Company. The question is not so academic
as it scems. As was said by a wiiter in Natwre, “the
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problem of the genesis of petroleum has a distinctly
practical significance, for if solved prospectors for
mineral oil would be provided with impottant data
and chemists might learn how to produce artificially
valuable substances similar to, if not identical with,
natural petroleum.” The same writer, it may amuse
the reader to note by way of diversion, unearthed the
following eatly contribution to this petplexing pro-
blem: “A Polish cleric, named Kluk, traced the
otigin of petroleum to the Garden of Eden, which
was so fertile that it must have contained fats: at the
Fall this fat partly volatilised and partly sank into the
earth, where it was finally transformed into mineral
oil by the changes induced by the Flood.”

To treturn to our mote serious record, the readet
will have already appreciated the vitally important
patt which the scientific, and pethaps especially the
chemical, headquarters must play in a petroleum com-
pany of the magnitude of the Anglo-Persian Oil
Company. Problems of an essentially scientific charac-
ter are continually arising in connection with the
Fields, the transport and storage of the ctude oil, the
initial distillation, the refining of the intermediate
products, the distribution of the finished article and
its ultimate utilisation by the consumer. Some of these
problems can be more or less rapidly solved at the
centra] tesearch station at home; sometimes they can
be mote conveniently investigated at the refineries;
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and sometimes, again, Fields research station at
Masjid-i-Sulaiman is the most suitable centre for their
treatment.

It has alteady been pointed out that there is com-
plete liaison and co-ordination and a rotation of staff
between the various research stations. When occa-
sion demands, a tesearch chemist who has made a
special study of the particular problem at Sunbury is
sent to deal with it on the spot and, convetsely,
chemists home on leave from outside atreas invatiably
take, in part, a “busman’s holiday” and are attached
to the central research department for a petiod. In
this way each chemist in the Company’s setvice is
enabled to leatn at fitst hand the lines of thought and
of progtess in his profession and to discuss his ideas
and his problems with his brother chemists. ‘The
senior chemists in England visit the refineries and
Pegsia at regular intetvals and a general chemical con-
ference, attended by representatives from every
chemical centre in the Company’s organisation, is
held in London each yeat. The co-otrdination of the
activities of the Company’s chemical stafl is one of the
most important functions of the central research de-
partment and its success is attested by the enthusiasm
and esprit de corps which, it was evident to the writet,
animated the Company’s chemical service no less than
the other services.

It should be added lastly, in consideting the more
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strictly scientific side of the Company’s activities, that
the tesearch department, with the full approval and
encouragement of the directorate, does not forget its
obligations to the cause of science as science. The
results of the varied investigations are published to the
scientific world, except, obviously, whete the wotk is
necessatily of a confidential character. In general,
however, the recotds of the fundamental tesearches
after scientific truth ate presented to the Chemical
Society and to other learned societies, as the research
department’s quota to the wotld’s scientific know-
ledge. Furthermore, the seniotr members of the chemi-
cal and other scientific staff are associated with the
activities of advisory, scientific committees of various
Government departments and in this way theit
knowledge and expetience are put to the service of a
wider circle than that of their own Company. In this
connection it is worthy of note that the Chairman of
the Company, Sir John Cadman, was for many years a
member of the Advisoty Council to the Committee of
the Privy Council for Scientific and Industtial Re-
search, which is, in a far from fanciful sense, the
scientific scnate of the nation, constituted of a chosen
few of the country’s leaders in science, and charged
with the fiduciaty duty of promoting the application of
science to a wide field of governmental activity and toa
broad and diversified atea of British industty.



CHAPTER XI
OIL AND ETHICS

Trus far we have described what may be regarded as
the more strictly scientific side of the development of a
particular oil field. Before we attempt to apptcciate
what the Anglo-Persian Oil Company has done on the
human and sociological side, let us glance at the larges
aspects and broader policies of the petrolenm industry
as a whole, consideted as a unit in the wotld’s
economy.

It should be acknowledged hete that what follows
in this chapter is based majnly, indecd, almost wholly,
upon an address delivered by Sir John Cadman, before
the American Petroleum Institute, at Chicago, in
December, 1928, The addtess was subsequently
published under the title, “Petroleum Problems Out-
side the United States,” though it was essentially a
pronouncement and an appeal in the higher statesman-
ship of the oil industty regarded as a world industry.
It has seemed to the writer that an outline, at least, of
the broad issues raised in that address is a necessaty
complement to this study of scientific and industrial
development in a particular oil field, if the teader is
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to be helped to see the Anglo-Persian achievement in
proper petspective.

What are these larger problems that are engaging the
anxious attention of the world’s leaders in the petro-
leum industry? Broadly speaking, they are concerned
with the general principles that ought to influence and
govetn future progtammes for control and distribu-
tion of the world’s oil resources.

The wotld’s reserves of oil are undetermined and
pethaps undeterminable; but it is probable that, as in
the case of the coal reserves of our own countty,
successive carcful estimates will put the total figure
ever higher. For example, whereas in the years
1920 to 1922 some reputable technical and geological
opinion it the United States put the vittual exhaustion
of the United States’ oil resources within a petiod of
twenty or thirty years, an eminent authority at the
Fuel and Power Conferences, held in London in 1928,
estimated the number of yeats upon which the world
could rely for gasoline as high as 3,000. Still the
geologists and the geophysicists go exploring the
sutface and crust of the earth in quenchless quest for a
commodity which has now become one of the essen-
tials of modetn civilised life, moulding and modi-
fying our industrial structure and even our social
habits, just as coal and steam helped to fashion the
industrial and social fabsic of the civilisation of the
nineteenth centuty.

H
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If, howevet, in cettain economic reactions, more
especially in relation to the laws of supply and demand,
we compate, on the one hand, oil with, on the other
hand, such common necessaties as food, clothing and
houses, some significant differences become apparent.
In regard to these latter thtee commodities increase of
supply, whether in home production or in impoits,
does not increase consumption and enhance demand
beyond a certain point. In any given community
when the ill-fed, the ill-clad and the homeless have
had their needs adequately met in the matters of food,
clothing and houses, the mere expansion of supply,
accompanied by a fall in price, of these commodities is
powetless to inctease the demand for them beyond
certain narrow limits; for the simple teason that
individual human beings cannot extend indefinitely
their consumption of food, their use of clothes or their
occupation of houses.

Thete is also another general factor operative in
regulating production, namely, the telationship be-
tween the value to the user of the thing produced and
the expenditure of human enetgy demanded by its
production. The supply of food, clothing and shelter
involves a fairly regular cost of human effott for the
large as for the small unit. A loaf of bread, a suit of
clothes, a house—each represents a fairly definiie
number of units of human energy spent in its produc-
tion, Any significant inctease in demand for these
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commodities is necessarily slow; it calls for an approxi-
mately cortesponding increase in human effort to meet
it; and thus a prompt check is imposed upon real
ovet-production.

But in tegard to oil the measure of human energy
necessaty to produce a definite quantity of it vaties
irtegularly within wide limits. For example, the then
Chairman of the Anglo-Petsian Oil Company in 1926
explained to the shareholders that “to secure the
ptoduction of crude required for export all that has
to be done now is to open the necessary number of
valves, by means of which the production of crude
can from day to day ot from hour to hour be regulated
to out tequirements to a nicety, just as regulatly and
accurately as when one tutns on the water for one’s
bath.” You call for more wheat and the farmer has to
plough, sow and reap correspondingly increased
acreage. You call for mote crude oil and the engineer
opens another valve,

On the one hand, therefore, in regard to the three
common necessarics of life we have chosen fotr com-
patison, theit very nature in relation to human nature,
and the fact that to increase the sum of their production
needs a tegulat amount of added human effort, togethet
constitute an automatic check upon really excessive
production. On the other hand, when we consider oil,
it is, as Sir John Cadman says, “a fact of the first
importance that the face of the globe is now dtenched
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with 2 commodity which, although necessaty to life,
involves but an irregular and somctimes mcagre
expenditure of life in its primary production.” Fut-
thermote, it exhibits an economic charactetistic that is
novel—almost unique: the supply not only stimulates
the demand, within limits it creates it. New uses
spting up for it overnight, There is thus a peculiar
economic stimulus to production tending directly to
over-production with all its attendant evils—“so
resilient appears to be the demand, so far remote the
industtial saturation point.”

The increase in the world’s production is, however,
not solely due to this peculiar economic stimulus,
Imptoved geological methods, supplemented by those
modern geophysical methods we have outlined in an
eatlier chapter, have led to the discovety of new oil
fields in tertitories formerly consideted to offer little
hope. The advance in drilling technique has resulted
in a saving of time and the working of strata previously
deemed inaccessible, so that there has been an accele-
rated and more intensive working of the existing oil
fields. Improvements in refining methods have
resulted in a greatet net product from a given quantity
of the crude oil. The effects of all these stimuli to pro-
duction have been most matked in the United States.
Taking a survey of the six yeats 1922 to 1927 in all the
producing countties of the wotld, other than the
United States, production increased to the relatively
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small extent of some seven and a half million tons;
whereas the increase in the United States in the same
petiod was no less than forty-seven million tons.

Among the evil consequences of profligate produc-
tion are premature exhaustion, both material and
economic, of discoveted fields, and economic instabi-
lity of the industry as a whole,

With regard to the first consequence, exhaustion,
it is worth notice that in the Pessian oil field the
Company has had sole control and has been able to
operate the area as, more or less, a unit field (or, at
least, as an area of a few co-ordinated units), undis-
turbed by the competitive chaos that has charactetised
certain other oil fields. Furthermore, the compre-
hensive scientific data that have been obtained by the
methods indicated in previous chapters have enabled a
far-sighted policy of scientific consetvation to be
adopted and applied, continuously and systematically.
Otherwise, despite the extraordinaty tichness of the
Petsian field, exhaustion of an economic, if not of a
tnaterial, character would have been reached in a
comparatively small number of years.

As to the second consequence, economic instability,
it affects producer and consumer alike. “In the long
run,” says Sir John Cadman, “it profits nobody that
thete should be alternate waves of ovet-production
and under-production, of high prices and low prices,
of big profits and of little or no profits,” In the Report
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for 1928 of the Royal Dutch Company fot the Work-
ing of Petroleum Wells in the Netherlands Indies the
ame point is emphasised by Sir Henri Deterding, the
Managing Director of the Royal Dutch Shell interests;
“During the period of over-production and low prices
amounts of capital have to be invested by the industty
in order to deal with the large quantities produced;
latge stocks which cannot be consumed have to be
stored in expensive tanks, whereas the earth is a
much cheapet and safer storage. When this is followed
by a period of small production a great many of the
plants become no longer necessary and the capital
invested thetein is wasted. The same applies to the
copsumers: fitst they will adjust themselves to the
excessive supply of oil, which necessarily involves
capital expenditute also for them, and when the petiod
oflow prices is followed by one of high prices they, too,
will find that they have expended capital uselessly.”

In the United States, too, thete is a realistic appte-
ciation of the need to stop the economic waste of
wotld ovet-production, which, as Sit John Cadman
says, “‘amounts to a robbing of the birthright of
future generations.” A comprehensive programme for
curtailment of crude petroleum production in the
Westetn Hemisphete has been recommended by the
General Committee of the American Petroleum
Institute on Wotld Production and Consumption of
Petroleum and its Products, and has been endorsed
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by the boatd of directots of the Institute. With so
many interests involved it is obvious that the process
of rationalisation of the industrty must be a slow
business, but an earnest beginning has been made. In
April 1929 all parties interested throughout the wotld
were called to a conference in New York to see what
can be done to secute 2 rational, stabilised and econo-
mic production in the principal oil-producing coun-
tries of the wotld.

We cannot within the limits of a single chaptet, and
with regard to the scope of this book, go far into the
suggested lines of advance, but certain considerations
may be briefly summarised. In the first place there is
the need of some recognisable and acceptable policy
governing the extent of storage facilities. Sir John
Cadman suggests, as a guiding principle, “the desit-
ability of conserving deposits, once discoveted, not in
impetfect containets constructed on the sutrface of the
earth, but, so far as is practicable, in that great and
petfect reservoir which Nature herself has provided.”
Allied to this is the evil of the unlimited multiplication
of facilities for the so-called “setvice” of the motorist.
There is need, economic need, in the interests of pto-
ducers and consumers alike, to abate the nuisance of
excess and to attain some sane equilibrium between
service and supply.

Again, in the realm of transportation by sea thete
are countless instances of waste of strength through
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lack of co-ordination and by straining against the
facts of geography. For example American oil finds
its way to India and Persian oil to Iceland. We need
“q sane ‘economic’ of the sea,” and this involves the
ptoblem of finding for every market the “neatest
source of supply”—that is to say, the nearest, taking
account of all relevant economic factors, for geo-
graphical propinquity is not the only economic factor
to be considered here.

Finally, there are the problems having their otigin
in “the vivid sense of nationalism which, during the
last ten years, has acquited acuteness and strength in
many countries.” It is natural for the government and
people of any country in which large deposits of oil
have been found to regard their possession jealously
and to think of it in merely national terms. But in a
country of small consumptive power the merc posses-
sion of natural oil is an asset only in so far as a whole
complex of external conditions—financial, technical,
distributive—makes it so. As Sit John Cadman well
says, “without hundreds of investors willing to lose
four times out of five in the hope that at the fifth they
will make good their losses; without the instruction of
a whole faculty of technical resources, founded and
developed in othet countries—or, it may be, in anothet
hemisphere; without an army of pioneets who have
adjusted the needs of man to the character of the
product and vice versa; without a network of distribu-
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tive systems having been traced upon the face of the
globe—without evety one of these things, the oil
deposits, priceless as they are potentially, might just
as well have been butied deeply in the moon.” He,
therefore, pleads for “a sane nationalism; regarding
oil neither as a heady intoxicant for oneself nor as a
deadly drug for one’s political competitors, but rather
as a store of enetgy to be conserved, released and
applied as patt of a concerted opetation owing its
inception to more than one nation and therefore
yielding its tribute to more than one treasury.” And
this sane nationalism needs as its complement a corres-
ponding policy of “sane and honest internationalism
in industry,” involving frank co-operation between
national and international forces.

Such are some of the leading problems of the petro-
leum industry which have suggested the challenging
title of this chapter: “Oil and Ethics.” If it be objected
that they savour rather of economics, we may pethaps
recall the saying of the cynic: “Show me that a course
is econotnically expedient and T’ll soon find you moral
sanction for it.” There is less of cynicism in the saying
than appears on the surface. It is good ethics toinstil
and practise sound economics. The old gibe at econo-
mics as a soulless science has led too frequently to the
assumption by ardent propagandists that there is some
inherent antagonism between economic and ethical
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action. It will not be the least valuable service that the
wotld’s leadets of the pettoleum industry will render
if, by their concerted efforts to secure a rational
wortld production of oil, they expose the mischievous
fallacy of this assumption.
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THE HUMANITIES
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CHAPTER XII
THE HUMAN MATERIAL

It was stated in the introduction that, in considering
the application of science to ndustty we should inter-
pret the word science in its widest sense, so as to
include the methods of dealing, not only with the raw
matetial obtained from the ctust of the earth, but also
with the human and sociological factors necessatily
involved in large-scale production. FEnough has
already been said on the problems flowing from the
crude oil. We have now to turn to the ways of dealing
with the human material and of building a social
structute out of it. If the first part of this essay may be
called the science, what follows is the humanities of
great industrial undettaking.

It is obvious that for the operations that have been
described it was necessaty to secure the willing
co-operation of the Persians in whose country those
operations were to be conducted. In paiticular
large supplies of local labour were essential for the
ploneering work, such as the transport of heavy
machinety, pipes and other materials; the erection
of the derricks, houses and other buildings; and the
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construction of roads, bridges and railway. The pecu-
liatity of the problem that faced the Anglo-Persian Oil
Company from the start lay in the character of the
human labour available.

The inhabitants of that part of Persia (Khuzistan) in
which the work was to be done were, for the most
part, pastoral nomads, consisting mainly of the
famous Bakhtiati tribes. The Bakhtiari follow the
gtass, As summer approaches to scorch the grass on
the desert plains, they migrate with their flocks and
herds, over the foothills, actoss the bridgeless rivets
and over the snow-clad mountain ranges, to the high
lands whete grass is then to be found, In the late
autumn, when the grass dies down on the high plateau
ot in the mountain vales, they trek back to the low-
lying plains, where, in the mild winter, they can find
enough grass on the desert to feed their flocks. They
live in tents ot in rude shelters constructed of sun-
baked mud or of the loose sandstone and shale of the
hills Their wants are few and the hardships of such a
life ate to them scarcely irksome. Of money they
have little need and such exchange as they requite is
done largely by barter.

This part of Petsia cortesponds roughly to the
ancient Kingdom of Elam. There was a time when,
as in other parts of Petsia to-day, a settled agricultural
population dwelt here. Remains of ancient irrigation
canals ate still to be seen on each side of the Karun
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river. But the nomadic life of the Bakhtiari is the
consequence of successive waves of invasion from the
north and west—DBabylonian, Greek, Roman, Arab
and Turkish—destroying the agricultural resources of
this region, which may become yet as fruitful a past
of the earth as is, for example, Egypt to-day.

It was from this nomadic human material that the
company had to enlist the labour it requited. The
character and habits of these tribesmen presented
human and sociological problems as peculiat and as
complex, in their own ways, as the physical and
chemical problems raised by the natute of the crude oil
obtained from below. It was not sufficient to attract
the tribesmen to service with the Company by the
prospect of regular pay and the additional comforts
that pay could bring; measures had to be taken to
keep them when enrolled. The nomadic instinct is
not easily extinguished, Gradually they came in in-
cteasing numbers into employment and problems
immediately arose as to their health, their housing and
their training, We will take these problems in this
order.

It is not pretended in what follows that the measutes
adopted were the outcome of some previously elabo-
tated, scientific scheme, embracing in anticipation all
the ptoblems to be solved. Something of what was
done was necessarily of an emergency character;
other steps taken were dictated by the particnlar need
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ad

disclosed at the time; and many solutions wete found
antbulando.  Nevertheless, the reader will probably
gather, as he reads, that, running through the treat-
ment of the varied human and social problems pre-
sented, there was a consistent scientific attitude and
method, and, be it added, a humanitarian outlook,
which it is the aim of the writer, in some measute, to
reveal,



CHAPTER XIII
MEDICAL SERVICES

Frowm the outset it was recognised that propet provi-
sion for dealing with sickness was at least as impor-
tant as attractive pay. It is significant that one of the
earliest administrators sent out by the Company was a
medical man, Dr. M. Y, Young, and it is not less
significant that he did not confine his intetest to the
purely medical sphere, but pushed out into a sympa-
thetic study of this ancient people, of their language,
history, customs, habits and ways of thinking. Thete
is now a specially organised department of the Anglo-
Persian Oil Company which takes within its province,
not only the legal and other formal relationships
between the Company on the one hand and the
Petsian Government, the local officials and individual
Petsjans on the othet, but also the study of the human
side of the people with whom it has to deal. The
gradual growth, from simple beginnings, of the
ptesent ‘well-equipped medical, surgical and sanitary
services, and the provision of elaborate facilities for the
prevention and efficient treatment of discase, deserve to
1 129
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be told in detail. We can attempt hete only to pictute
the state of things to-day.

At Fields, at Ahwaz and at Abadan the Company
has built, equipped and staffed hospitals, which it
maintains entitely at its own cost and which provide
medical and surgical treatment not only for the sick
employees of the Company—whether Europeans,
Persians, Indians ot others—but also for all theit
families and dependents as well as for others, of what-
ever race, who ate unable otherwise to obtain medical
ot surgical attention in their need. A general descrip-
tion of the hospitals and of the healing work done, at
Fields and at Abadan, may now be given. With a few
qualifications, the general features apply also to the
hospital at Ahwaz,

FIELDS AREA

The hospital for in-patients at Fields is situated
some two miles from Maidan-i-Naftun. In addition to
large medical and surgical out-patients’ clinics it has
indoot accommodation for about a hundred cases,
mainly for the salaried staff, but including special wards
for women.

There is also an isolation hospital for cases of infec-
tious disease and a camp for the segregation and obset-
vation of contacts.

A patticularly valuable and rare feature of the Fields
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Hospital is the section known as the Hypetpyrexia
Wing. This was designed originally for the study and
treatment of cases of heat stroke, but it has been
found that the utility of this building far transcends
the otiginal conception of its usefulness, All cases of
setious disease accompanied by fever, and, more
especially, cases of surgical shock, are greatly bene-
fited by removal to the cool environment of these
wards, whete a temperature of about 65°F. is main-
tained by a current of air which has been purified and
cooled before being passed in. The system has been
extended recently to both the septic and aseptic
operating theatres, which ate likewise cooled, though
to a less degree; and operative sutgery, even in the
hottest petiod of the year, is now free from one of the
greatest dangers in tropical practice which previously
attended it. The walls and floor of the operating
theattres are 2 white mosaic of evenly broken crockery
—a brilliant adaptation of waste matetial to utilitarian
ends which has resulted in a marvel of cleanliness.

The hospital stands well back from the road in its
own grounds, and is a one-storied building of local
stone and gach, with deep vetandas giving welcome
shade to the several wings. In addition to the two
sutgical theatres thete ate a pathological and bacterio-
logical labotatoty; an electro-diagnostic depattment
with a complete set of electrically illuminated, diag-
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nostic instruments; an X-ray outfit, which has recently
been improved and adapted for pyelography and for
the mote specialised forms of radiography; and a
fast-increasing dental department.

The sanitary and ventilating arrangements through-
out the hospital are modetn, according to scientific
standards. It is proudly claimed, and the wiiter can
well believe it, that Fields Hospital is not only the best
equipped hospital in Petsia, but that it is also better
equipped than are the majority of hospitals of a like
size in India.

Facilities for medical treatment in Fields area are
afforded also by a number of dispensaties, where the
vety large number of out-patients are treated and the
mote serious cases selected for admission to hospital.
Thete ate nine of these district dispensaties at dis-
tances from the hospital varying from two to fifty odd
miles.

1t should be pointed out that the medical and sut-
gical service in the Fields area is free of charge for all
employees either as “indoor” ot “outdoot” patients,
and that similar facilities are freely given to the non-
employed local inhabitants, as well as to tribestnen
who frequently travel long distances to avail them-
selves of these facilities.  Dental tteatment is also
available for all cases. In this connection it is interest-
ing to note that the local inhabitants and ttibesmen
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have shown a growing confidence in, and an increasing
willingness to take advantage of, the facilities offered.
At first thete was the usual suspicion and timidity in
face of the unknown, It has needed tact, sympathy,
patience and skill to achieve this result, The value to
the Persians of this developing appreciation of
modern medical surgical and “preventive” service is
obvious, and has alteady had beneficial reactions
reaching beyond the immediate Fields area.

The medical staff comprises a senior medical officer,
two resident medical officers and a visiting medical
officer, The setvices of specialists are also available,
namely, a consulting surgeon, a pathologist and an
ophthalmologist, There is a graded nursing staff of
twenty-six under the charge of a European matton,
assisted by eight European sistets.

The term “Buropean” employed hete and else-
where in this record, it should be explained, has less
reference to what the schoolboy undetstands by
“Burope” than to the British Isles, not excluding the
northetn part of Britain, )

The following figures, representing patients treated
in Fields area during the nine months (April-Decem-
ber) of 1928—the period for which the last official
medical teport was compiled—will give some idea of
the extent and variety of the work of the medical,
surgical and sanitary staffs:
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Hospital in-patients ......... R 1,386
Out-patients: (a) new cases ........ 33,212

(b) other cases ........ 64,916
Operations under general anasthetic. . 235§
Opetations under local or no anzsthetic 1,903
Pathological examinations ....... ce 7451
Dental cases .oovvvvirinnininnnn.. 352
Radiograms .........covvinnne ‘. 423

ABADAN AREA

The medical service in the Abadan area provides, as
we saw was done in Fields, free medical and surgical
treatment, either in hospital or as “out-doot™ patients,
for all employees of the Company, for their families
and dependants, and also for local residents and non-
employees who are unable otherwise to secure the
necessary medical attention. It co-operates with the
local Persian Government Port Health Officials in
maintaining the health of the Port of Abadan, by
cating for and segregating cases of infectious disease
and contacts, by a consistent onslaught on rats and by
other practical sanitary measures, All these precautions
are of extreme value, though they are rarely adequately
appreciated, in the maintenance of the public health.
The Port of Abadan is situated at Bawatda, two miles
to the south of the refinery, on the Shatt al Atab,
whete all oil tankers and other merchant shipping are
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docked, the crews medically inspected and any
necessaty treatment afforded.

The general hospital for in-patients at Abadan is
situated near the refinery and has accommodation for
132 in-patients, out-patients’ clinic, operating theatre,
X-ray plant and ophthalmic and dental departments, as
at Fields. The infectious diseases hospital here has
accommodation for 120 cases and 160 contacts.
“Special accommodation for mental cases has been
added and the cooling of the operating theatre and
hospital watds is the most fecent addition to the
amenities which the Company provides {or the treat-
ment of sickness.

Dispensaties for the treatment of out-patients and
for the selection of the more setious cases for admis-
sion to hospital have been established, each under the
charge of a medical officer, at Mohammerah, ten miles
distant from the general hospital; at Bawarda, two
miles away from the hospital; and in the refinety.
Another dispensary, in the European residential area,
has also been established. It should be added that a
medical officer makes visits to quarters when required.

The general observations made in the section deal-
ing with Fields area, as to the growing appreciation of
the medical and surgical services by the local Persian
inhabitants, apply equally to the Abadan area; and
the social benefits to Persia must be similarly diffused.

The Medical Staff and the Nursing Staff of the
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Abadan area are faitly comparable, in number and
grades, with those in Tlields area, though we may note
that there ate also a medical officer of health and a
pott health officer.  The specialist services of a con-
sulting surgeon, pathologist, an ophthalmic surgeon
and a dentist ate also freely available.

Some idea of the wotk carried out by the medical
depattment in the Abadan asea is afforded by the ﬁgures
for nine months in 1928:

Hospital in-patients .............. 1,485
Out-patients (a) New cases ........ 34,842
(b) Attendances ..... 103,060
Operations under general anasthetic 164
Operations under local or no anas-
thetic . ..oveiiiiiiiiiniiians 612
Pathological examinations ........ 3,136
Dental €ases vevvvnvneiiueeieneens 637
Radiograms .............. R 13

In addition, the medical needs of tankets and othex
vessels are provided for by the Abadan Staff at the rate
of some fifty per week.

It may be mentioned that proposals for a new and
larger general hospital at Mohammerah, in substitn-
tion of the present building at Abadan, ate in an ad-
vanced stage. The plans have been very fully dis-
cussed and the whole scheme for this important
replacement exhibits the foresight and comptehensive-
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ness which is characteristic of so many of the Com-
pany’s undertakings. When built this new hospital
will embody all the approved features of modern
tropical hospitals, will be equipped with the best of
modern appliances in each department and, as the base
hospital for non-urgent cases, will allow of the reten-
tion of the beds at Fields and Ahwaz for urgent cases.

~ * * ¥ * *®

What is, however, to our main putpose is not so
much the scale and equipment of the buildings as the
scope and spirit of the medical work proposed to be
done. We have already drawn attention to the Hyper-
pytexia Ward built at Fields. It is proposed to under-
take at Abadan and elsewhete in Petsia a compre-
hensive bactetiological and pathological study of
tropical and sub-tropical diseases and also of industrial
disease in relation to the particular conditions of the
Petsian oil industry. For the putposc of these re-
searches the investigators will prepare their own
vaccines, their own inoculations and devise their
own tests. It is true that much specialised study has
been made, for example, in England, of tropical
disease and of industrial disease, but the view held by
those directing the medical services of the Anglo-
Persian Oil Company is that, just as the vital activities
of human beings te-act to climatic conditions, so may
the causative agents of tropical and industrial diseases
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be influenced, and possibly profoundly modified, by
the local conditions, climatic and otherwise, to which
they are subject. In order that such a systematic
research may be undertaken in the locality in which
these specific diseases are encountered, the new hospi-
tal at Mohammerah will provide ample facilities in the
way of laboratoty accommodation, equipment and the
like, It is, of course, impossible to predict what will
be the outcome of these investigations, but it is equally
impossible not to admire the large and imaginative
view that has resulted in this great project.



CHAPTER XIV
PUBLIC HEALTH

To the foregoing account of the medical services pro-
vided for individuals we must now add some record of
the complementary services conveniently grouped
under the heading of public health. To prevent mis-
understanding, it should be stated here that what
follows applies only to the areas of the Company’s
operations. Elsewhere the public health depariment
of the Persian Government safeguards the health of the
Petsian communities, as, for example, at Abadan
town and port, adjoining the refinery area.

There is thorough and systematic conservancy
work, in order to keep within control the ubiquitous
fly and other disease cartiers. Anti-malarial work
proceeds on scientific lines, and recent observations
show that the reduction in mosquitoes is having a
matked effect on the occurtence of malaria, The
medical teport for 1928 states that not only does
malatia show a gratifying decrease in incidence, but
that there is evidence that the type is less severe, A
useful compatison of the figutes for 1927 and those for
1928 (worked on a twelve months’ basis) shows a
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decrease of 4,385 malaria cases amongst the hospital
and dispensaty out-patients, and of 2,177 cascs treated
in hospitals and quatters.

Anti-plague measures, such as house fumigation,
tat trapping and baiting, are regulatly carried out and
duting the nine months of 1928 no less than 34,573
rats were destroyed. It may excite the humotous
interest of the reader to be told that this Oil Company
has even an official rat catcher, Post-mortem examina-
tion is performed in evety suspicious case and slides
are examined microscopically for B, Pestis. None of
these tests, during 1928, proved positive, Strict con-
trol is maintained over all cemeteries and no burials
are allowed without the authority of the public
health department, In this way the special infectious
diseases as the cause of death among non-employees
can be ascertained or ruled out.

Disinfection of clothing by steam and fumigation
of houses by sulphur dioxide are the methods of pro-
cedure in all cases of infectious diseases. When small-
pox is present to any extent, the clothing of native
labourers working on the ships in pott is disinfected
before they are allowed to proceed on board.

All employees from the United Kingdom ate vacci-
nated and inoculated against enteric group diseases
before leaving home, Similar steps are taken with all
employees from India on arrival at Mohammerah, the
second dose of T.A.B. being given in the area to which
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they are posted. Approximately 10,000 vaccinations
and inoculations were carried out in Persia during the
latter nine months of 1928, in addition to those
recorded in the statistical statement below.

The normal sanitary inspection is anothet feature
of the public health woik. It is notewoithy that at
Abadan, and especially in the Refinery area, a whole
seties of dry latrines has been converted into a water-
botne system. This has enabled a reduction of the
sanitary stafl to be effected and has done away with the
objectionable method of night-soil removal. In this
connection it is interesting to note that tact and per-
suasion wete needed before the local labourets could
be brought to overcome their natural and babitual
prejudices in favour of the superseded system. The
traveller in the East will understand the difficulties
here. It is enough to say that the design and con-
struction of the water-borne system has ingeniously
met the peculiar difficulties, and the laboutets, whether
Persian ot Indian, are now mote than satisfied.

There is tegular inspection of food and of water
supplics and mulk supply, with periodic collection of
samples for analysis. Four soda water factoties are
kept under strict observation and control. To take a
particular instance, the vegetable bazaar at Fields is
inspected daily. It was the proud boast of one officer
of the Company that Fields vegetable bazaat is “the
cleanest bazaar east of Suez.” Without in any way
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belittling the implications of that boast, the writer,
who had seen the bazaars at Damascus and Baghdad,
may add that he found the statement easily credible,
An idea of the extent of the vatied services per-
formed in a year by the public health departments of
the Company may be gathered from the following
statistics:—
Fields:
307 unauthorised buildings demolished as unsani-
tatry,
700 rogns, buildings, etc., limewashed,
443 dead animals disposed of by incineration,
21,929 carcases of animals killed for food inspec-
ted and 3,083 patts condemned as unfit for
human consumption,
2,481 Ibs, of fruit and vegetables condemned and
destroyed.
153 tons of condemned provisions from stotes
incinerated.
1,748 vaccinations against smallpox with lymph
supplied from the United Kingdom.
Abadan:

456 animal carcases, mostly recoveted from the
river fote-shore, incinerated.

3 tons of fruit, fish, meat and vegetables in the
bazaars condemned and destroyed.

37 portions of animals slaughtered for food
found unfit for consumption and incine-
rated.

1,269 vaccinations against smallpox.
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Before concluding this survey of the public health
setvices some reference should be made to the pro-
vision of a pute water supply and of 2 modern system
of sanitation for Abadan, The river Shatt al Arab
provides an abundant supply of water for steam-taising
and other refinery purposes but the potable water
for domestic supply is drawn from the less contami-
pated Bahmishir river on the east side of Abadan
island. ‘This water is settled in tanks, filtered and
treated by a modetn chlorination process, in order to
putify it, with the result that the tap supply of domestic
watet in Abadan reaches Western standards and is
equal to, if not better than, any other domestic water
supply in the East.

As to the sanitation there wete inherent difficulties
to be overcome, for the level of the land is in many
cases below that of the river Shatt al Atab, so that
there is no natural fall for efluent. Moteover, because
of circumstances that will be known to travellers in
the Middle East, there is no ‘“‘sweeper” class of
labourers in Persia available for sanitary setvices in
accordance with, for example, Indian practice. In the
bungalow area at Abadan, therefore, the latest form of
sanitation has been adapted to meet the peculiar con-
ditions. Septic tanks ate provided throughout the
area and ate periodically cleaned by means of mobhile
vacuum tanks mounted on motor lorries. The system
is a completely closed system so that there is no con-
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tact anywhere with the atmosphere. The septicised
effluent is collected in concrete wells, 20 feet deep, the
level of the liquid in these wells being subject to auto-
matic electrical control, and is pumped thence into the
tiver Shatt al Arab.

The thorough and comprehensive character of the
vatied public health services that have been suma-
rised will be obvious to the reader. Their primary
putpose is, of course, to ensure the efficiency of the
productive work of the Company by checking and
preventing disease, But they must also have some
effect in stimulating the development of similar
services in other parts of Persia. If plague spots tend
to spread, so do health spots.
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CHAPTER XV

HOUSING

It has already been indicated that neither at Fields not
at Abadan was there any settled community worth
mention before the Anglo-Persian Oil Company began
its opetations there. The large number and the varied
types of the buildings now to be seen, for example,
at Fields and at Abadan, have practically all been
erected by the Company. Broadly speaking, there are
three main types of domestic dwellings, designed to
provide suitable accommodation for three broad
divisions of the Company’s cmployces. Thete are
spacious bungalows (mostly, but not always, onc-
storied) for the higher staff; smaller bungalows
for the cletks; and rows of stone, brick, or gach
houses for the Persian labourers and attisans,

It may not be superfluous here to draw attention to
two points. In England our domestic architectute is,
or professes to be, bent on letting in the sun; in Persm
onc of the architect’s chief concerns is to keep out the
sun so as to prevent the dwellings from becoming in
the heat of summer veritable ovens. All the bungalows,
therefore, are surrounded by deep vetandahs and are
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designed to secute shade rather than light. The other
point is in the nature of a caveat. The tetm “bunga-
low” is apt to sound on BEnglish cats as 2 name for a
tempotaty or diminutive dwelling—a little more than
a hut, a little less than a house. It should be under-
stood, then, that the bungalows for the European and
highet Persian staff are spacious and solidly built
sttuctutes of brick or stone, with lofty rooms, ample
accommodation, and every modern convenience.
Electtic light, electric heating and electrically driven
fans are installed throughout, and at Ficlds there is
laid on to each bungalow an abundant supply of
natural gas. The supply both of electric current and of
gas is so abundant, indeed, that no attempt is made to
check by meter individual consumption.

Many of the bungalows have gardens. The writer
hesitates to whisper it, but hete one of his pleasant
preconceptions perished. None of the gardens he saw
—admittedly at the worst petiod of the year—gave
assured promise of surpassing a typical English gax-
den ot of justifying the raptures of Omar Khayyam,
It is sad to say it, but it looks as though the beauty of a
Persian garden—in Southern Persia, at least—were a
literaty fiction ot a poet’s license.

The preceding paragraphhas been allowed to stand as
it appeared in the first edition, for it is a wtetched
business to give up 2 joke, even the mildest. In truth,
however, these gatdens are now much improved.
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Lawns are laid in front of most bungalows and,
following the appointment of a Supetintendent of
Gardens, numbets of varied shrubs and trees have
been introduced from Ceylon and India. Moreover, a
nursery has been started from which shrubs and
flowering plants are gradually going out to stock
bungalow gardens, the beauty of which is now, as one
authority says with gentle reproof, “a little more than
mere ‘literaty fiction or poet’s license’.”

The smaller bungalows for the large number of
cletks set also a high standard of comfort and are
much superior in accommodation and convenience to
similar housing provision in, for example, India. The
rows of solidly built dwellings for the Persian and
othet labourets arc immeasurably better, in every
housing way, than the primitive shelters, with walls
of sun-baked mud and flat roofs of mud ot reeds or
palm leaves, that are the normal type of dwellings to
be seen in the adjacent villages. At Fields there is
attached to each row of the labourers’ houses a com-
mon cook house, supplied with natural gas, burning
as perennially as the flares. At Abadan a constant
supply of fuel oil at present takes the place of the
natura] gas. Reference has already been made to the
sanitation.

On the eastetn side of Abadan thete is now a model
village, rapidly growing in extent, with rows on rows
of sanitary well built houses for the numerous Persian



148 In a Persian Oil Field

artisans and labourers; and a large space of ground
has been cleated and a public park has been laid out,
for the use of the village, and other, inhabitants.

It should be noted that, whereas at Fields there is
abundant local building stone and gach available, at
Abadan there is nothing but the alluvial desett, the
neafest natural stone being some 130 miles away. One
advantage Abadan thas over Fields—the river Shatt al_
Arab, which facilitates the discharge of effluent and’
assists transport. But practically everything for con-
structional building at Abadan~—earth, lime, sand,
cement and bricks—has to be imported. The Com-
pany has set up its own brick works, at Kut ‘Abdulla,
on the river Karun, whete rows of great kilns provide
the fire-baked bricks needed for the Company’s
manifold building operations.

Complementary to the provision of dwelling
houses was the question of bazaars. It has been indi-
cated that the prospect of regular pay, in the first
instance, attracted the nomadic tribesmen to setvice
with the Company. The wages, of themselves, could
do little, however, to keep the men in setvice unless
opportunities were provided of purchasing with the
wages those commodities and comforts not obtain-
able in the nomadic life. It was not enough to give
money; ways of spending the money had also to be
provided. At Masjid-i-Sulaiman therefote, the Com-
pany has etected model bazaats, at which the usual
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commodities—food, clothing, utensils, tobacco and
ornaments—can be purchased. These bazaats are
solidly built rows of shops with open fronts, of the
genera] Persian type, and mark a great advance, in
solidity and cleanliness, on the ramshackle, makeshift
bazaar buildings frequently to be met with in the
East,

Before leaving the subject of housing we may be
permitted one reflection. The housing accommoda-
tion provided for the Persian labourers is, a5 has been
said, immeasurably better than that to which, before
the Anglo-Persian Oil Company came, they were
accustomed. It is safe to say that nowhere in Khuzis-
tan, outside the area of the Company’s activities, is the
dwelling accommodation for the labouring class at all
comparable with that provided by the Company. Is
it fanciful to think that the example thus set, of 2
higher housing standard, will inevitably filter outwards
and spréad a civilising influence beyond the confines
of the Company’s specific activities?

To the writer, at least, there seemed to be evidence
of some such process of diffusion, The journey by
launch from Basra to Abadan, a run of some forty
miles down the Shatt al Arab, is on a broad rivet
lined on both banks by continuous—oz all but con-
tinuous—groves of date palts, which sttetch in-
wards for half a mile or more. Among small clearings
in these appatently cndless groves one sees numerous
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villages, the dwellings (if such a word be not too dig-
nified for such primitive shelters) being made of mud
walls with flat roofs of plaited teeds or matted leaves,
and all without doots or even openings for windows,
But as the traveller comes off the island of Abadan it
is impossible for him, if he be observant, not to be
struck by an abrupt change in the character of the
villages he sees. The dwellings ate larger, they have
sloping roofs of straw ot reeds, suggestive of the
thatched cottage of the English country side, and,
what is more significant, they are furnished with
doots and windows, though the windows may be
unglazed. What is the explanation of this abrupt
development if it be not due, in patt at least, to some
influence spreading outwards from a centre of civili-
sation in which thete has been a marked development
of the housing standard? When the traveller arrives
eventually at Abadan and sees thete the replica of an
English port and notes the housmg accommiodation
provided by the Company for its Persian workers he
can hardly fail to infer that here is the Plf()bel.blc
explanation. This impression, which the writer got
spontaneously as he teached Abadan for the first time,
was confirmed by all the information he acquired aftet-
watds and it strikes the keynote of the social effects in
Petsia atttibutable to the enterprise of the Anglo-
Pessian Oil Company.



CHAPTER XVI
EDUCATION
I. WORKSHOP TRAINING

WEe have seen that unskilled labour was needed for
toad-making; for handling and transporting, by
mule and ass, the machinery and the vatied materials
used in constructional wotk; and for assistance in the
elementary opemtlons of rig building and drilling,
Beyond that, in order to supplcmcnt the Turopean
engincers sent out, a demand arose for local inhabi-
tants with some engincering skill, as fitters, machinists,
turners and moulders, for example. Some of these
mote sRilled Persians came from Tsfahan; othets had
picked up in other patts of Petsia clementaty engincer-
ing knowledge and skill. They were trained to the
mote specialised operations of the Company by Furo-
pean engineets,

It is, however, with the training of the young boys,
many of them simple nomads, that we are maijnly
concerned here. The Company has at Masjid-i-
Sulaiman, at Ahwaz and at Abadan huge engineering
workshops, which, in the multiplicity, vasiety and
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magnitude of the work they turn out, are comparable
with the worlks of many a fairly large engincering firm
at home. At each of these workshops young Petsian
boys are being trained, under the supervision of
Eutopean engineers, in the varied operations of an
engineeting shop.

The Company has, however, made an attempt at
training these young Persians mote systematically
than by metely putting them under individual super-
vision in the general wotkshop. At Fields, at Abwaz
and at Abadan definite Manual Training Centres ot
Wotkshop Ttaining Schools—whichever term be pre-
ferred—have been established, under the direction
of Butopean engineer instructots. At Fields there
were about fifty boys under such manual training
and at Abadan an approximately similar number.
The boys in these workshop Training Schools ate
trained either as fittets or machinists, and the usual
fun of clementary operations is followed, famely,
chipping, filing, screwing, tapping, tutning, etc.
Tt was amusing at Abadan, by the way, to sec three
Pessian boys turned loose on to an old Fotd engine,
with full leave to pull it to pieces, just to see how it
came to be fitted togethet, No English boy taking his
watch to bits could have been more absotbed.

The zest and interest these amenable young Petsians
take in their work is, howevet, not more significant
than the obvious interest taken in them by their
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European instructors, Indeed the writer is fain to
confess that, among the many things that impressed
him on his visit, to which tribute has been or will
be paid in this record, nothing seemed to him more
“finely touched to fine issues” than what is being done
in these workshop schools at Fields, at Ahwaz and at
Abadan, The Company is doing many bigger things
but it is doubtful whether it is doing anything of better
import than this.

It was soon found that, to make the manual train-
ing effective, the boys, who are wholly illiterate,
must be taught to read and write. A beginning has
been made with such teaching and some small success
has already been obtained. All the boys can read the
foot-rule, fractions, whole numbers and mixed num-
bets from EHnglish type. Some of them have leatnt
also to read and write Persian in a moderate way:
others are still in the difficultics of wotd-building, It
is proposed to estend this more purcly educational
work to inchade atithmetic and general knowledge
and, pethaps, also hygienc and games.

To recruit these boys and to keep them when re-
cruited are not matters of mete plain sailing. The
tecruitment is seasonal, the best petiod being between
the first rains (in December ot January) and Masch,
One of the difficulties arose from the influx of bigger
boys more suitable for employment as labourers
than as learners in the workshop training school.
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“They belonged,” says one who knows, “to the
diifting class who come to the doors of the shop as
the sparrows to the doors of houses when the cold
weather forces them.” TFrom April to June there is
apt to be an exodus of nomad types, cspecially among
these bigger boys to whom the wandering life in
summet still appeals; and most of the discharges
effected at the boys’ request take place at this petiod.
This wastage of pattly trained human material is not
a light matter. To take one illustration: in three years
some 390 boys wotked periods in the manual training
school at Fields and then, at their own convenience,
left to follow some “call of the wild” or other lure,
‘The Company is giving anxious thought to the best
means of fetaining the suitable boys among those
enlisted so as to tutn them out as more ot less skilled
craftsmen fit for absoxption by the engincering shops.
It is obviously to the economic intetest of the Com-
pany to stop this waste; it is, not less obwously, an
cconomic asset to Persia that the numbcer of indige-
nous, skilled craftsmen in that country should be in-
creased.

Thete can be no doubt that the coupling of the
simple literary and atithmetical teaching with the
manual training will have a steadying effect on the
boys entrolled. But the Company has wider and
more far-reaching schemes, alteady initiated or under
consideration, for the consolidation and improve-



Eduncation 1§5

ment of this training of the young., A system of
indentured apprenticeship in co-operation with the
local government authorities is being considered, that
may involve the housing, feeding and clothing by the
Company of the apprentices. Moreover, the Company
has already taken steps to extend the more pusely
educational facilities it provides. Two new elemen-
_ taty schools have been built at Fields and were opened
in October, 1927. They will provide, in a less hap-
hazard way, for entry into the manual training centres,
boys who are less unstable and who have had some
elementary education, ‘These schools ate, howevet,
only parts of a much greater educational system
established and fostered by the Company, and to
this we must now turn our attention.

II. SCHOOLS

It was pointed out that the purely manual wotk-
shop training is hampered by the illiteracy of the boys
and that, to make the workshop training morc effec-
tive, steps have been taken to supplement the instruc-
tion by teaching the boys to tcad and write their
native language.

There is, however, a futther need for 24 more ambi-
tious scheme of education than that coveted by the
instruction given in the manual training centres. It

is the desire and the policy of the Anglo-Persian OQil
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Corapany to inciease progressively the number of
skilled Persians employed, whether as engineers,
craltsmen or clerks, or in other skilled occupations,
For such work thete has been hitheito an inadequate
supply of sufficiently educated Persians, having a com-
petent, working knowledge of the English language,
It is obviously desirable that, in a great industrial
enterprise carried on in Persia, as much native skilled
labour should be employed as is possible and prac-
ticable.

In ordet, therefore, to render the manual training
more effective, and to assist the policy of “Petsiani-
sing” the personnel, the Company has embarked on a
wide and comprehensive scheme of general education,
with the approval of, and in co-ordination with, the
Persian Government. At Masjid-i-Sulaiman, as we
have seen, two elementary schools have been opened.
At Ahwaz the Company maintains cntircly at its
own cost 2 primaty school and a secondary school.
There is also an elementary school similarly
maintained at Abadan. The wtiter was privileged to
visit both the primary school and the secondary
school at Ahwaz, and to see the normal instruction
being cattied out. As far as the clementary instruc-
tion is concerned, it may be taken as typical of that
also given at Abadan and at Fields.

The primaty or elementary school at Ahwaz had,
in 1928, about 162 boys whose ages vary from 9 to
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16 years, They ate all Pessians, drawn from vatious
classes. Entry into the school and the education given
ate free to all suitable boys, whether they be sons of
the Company’s employecs ot not. At Masjid-i-Sulai-
man the schools are open to all applicants whose
patents are resident in Fields, though preference is
given to sons of employees, and a number of places is
teserved for the Company’s apprentices. To retutn to
the Ahwaz primary school, it should be added that the
pupils are also provided with school uniform, includ-
ing boots and puttees. The medium of instruction is;
of course, Persian, and English is also taught. The
school is under the charge of the Persian head master,
assisted by a stafl of six assistant masters, and the
whole curriculum conforms to the scheme of the
Pessian Minister of Fducation, There is also a physical
training instructor, and the school has a fife and drum
band, cpnstituted entircly of the boys.

The writer saw the whole school go through their
physical excrcises, under the direction of the physical
tralning instructor. The smartness, the vim and the
discipline shown would have been creditable in an
English O.T.C. The cxercises, it may be mentioned
by the way, ate compounded of Russian and German
methods of physical training, and ate characterised by
great rapidity in execution, The instruction in the
class rooms covers the usual primary subjects, includ-
ing the three R’s; and many of the boys had made
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considerable progress in the reading of English.
Their pronunciation was more than fair. Indeed, in
this respect, they were less afflicted by “vowel com-
plaint” than are the pupils of many a London school.

The secondary school at Ahwaz had been opened
only recently in a building acquircd by the Company
and adapted to educational purposes. There were,
in Decembet, 1926, sixteen boys in the school under
the charge of a head master, with two assistant mastets
as his colleagues—a ratio of masters to pupils which
must excite the envy of many an English schoolmastet.
The number of pupils in the school has since been
increased by the passage of suitable boys from the
primaty school and in 1929 numbered 35-40. ‘The
cutriculum has been accordingly developed along the
normal lines of secondaty education. In the initial
stage thete was necessarily some duplication of the
wotk done in the primaty school. .

The sanitary attangements and the equipment of
both the primary and the secondaty school ate good.
Thete is a daily medical inspection and a keen watch is
kept on the health of the pupils. Tn particular, it
may be mentioned that thete has been a marked im-
provement in “eye health”—an impottant benefit
in a country where eye troubles are 2 common inflic-
tion, especially among the young,

In addition to maintaining the schools that have
been described the Company contributes to the
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support of others. Moreover, Livening Continuation
Classes, giving instruction in such subjects as Tinglish,
Accountancy, Typewriting, etc., have been slarted at
Fields, Ahwaz and Abadan, and have met with an
enthusiastic response. In the realm of higher educa-
tion, it should be added, six Petsian students ate now
attending cousscs at Birmingham University, all the
_expenses involved being borne by the Company,
Lastly, while assisting its Persian employees to acquire
a knowledge of English the Company encourages its
Buropean employees to obtain a good knowledge
of the Persian language, and classes have been formed
for this puzrpose.

It must be obvious that, in the character and scope
of the educational work just summarised, this Oil
Company is performing functions compatable with,
though less in extent than, those cartied out by, say, a
County ot Borough liducation Authority in England.
How far the Company realises the value and impot-
tance of this worlk will be understood when it is added
that an Fnglish cducationist, of distinguished acade-
mic qualifications and cducational experience, has
been appointed and sent to Persia by the Company to
direct, co-ordinate and develop these educational
activities, in sympathetic co-ordination with the
Persian Minister of Education,

To the reader all this educational wotk must seem,
at first impression, a far cry from the business of
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getting and refining crude oil.  And yet the writer has
failed in his purposc if he has not alteady made it
clear that it has arisen as a natural—one might almost
say, inevitable—outcome of the wide and fat-sceing
policy alteady noticed as directing the Company’s
diversified operations.
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CHAPTER XVII
WORKSHOPS AND WORKERS
I. WORKSHOPS AND STORES

From a consideration of education and training we
are led naturally to say a little of the wotrkshops and
stotes of the Company and of the measures adopted
to give to the workers a conscious and recognised
status in the industrial scheme.

It has already been mentioned that at Fields, at
Ahwaz and at Abadan the Company has large engincer-
ing workshops. It would be wearisome, to author and
teader alike, to enter upon a detailed description of
each of these workshops, but some of the promincnt
features of the workshop at Ficlds may now be given,
and be taken, as typical of those also at Ahwaz and
Abadan.,

Piclds workshops are situated at Chashmeh-i-"Ali
(the Spring of Ali) which is preity neatly the geo-
graphical centre of the Masjid-i-Sulaiman atea, When
the Company first came hete, by the way, thete was
nothing but the spring; the rest was wilderness.
Fields workshops constitute great general repair

L 1061
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shops and ase under the charge of a Huropean engi-
neer, assisted by a staff of thirty Tluropeans, control-
ling some 420 mixed artisans, of whom some 300 odd
are Persians. These workmen include fitters, turners,
moulders, blacksmiths, catpenters, armature winders,
general repairing electricians, boiler makers, welders
(both electric and acetylene) and instrument makers.
Among them are seventy-pine Indian engineers, to
some of whom young Persians ate attached as quasi-
apprentices. To mention one instance that may
interest the engincering recader, the writer saw a
Petsian boy, wotking skilfully at a No. 4 Herbert
automatic lathe, whose sole accupation, but two yeats
previously, had been that of a nomad driving the
cattle to and from the hills and the desext.

There is a complete installation of the latest modetn
machinery, from the small instrument maker’s hench
lathe, weighing 2 Ibs., to the huge 45 feet screw-cut-
ting and surfacing lathe, with 14 inch centres, There
are also universal milling, spiral gear cutting, auto-
matic machines, operated by native Persians who have
been trained by the Company. The opetations in these
wotkshops tange from the repair of a delicate scien-
tific instrument to the treconstruction of a stcam
tractot.

As showing the extent to which the Petsians arc
being utilised in these skilled engineeting and kindred
operations the following table, giving the statistics
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for December 1926, for vatrious shops at Fields, may
be of interest:

Total No, of

Opeiatives  Persiang

Millwright shap ...oovvveevnn 12 9
Boiler shop ....... Ceeaeen cee §7 39
Catpentty and joinery shop ... 29 26
Fitting and erecting shop ..... 50 31
Electric repair shops ..... cae 24 24
General 3y reseanenes 47 47
Machine 3y eesan veves 57 31
Foundty vy emvees ee. 24 16
Blacksmith 5y stsseases100 100

It may also interest the readet, as it intetested the
writet, to be told that the different races show marked
characteristic aptitudes for particular branches of the
engineering trade—for cxample, the Persian Arabs
excel i pattern making, while the Bakhtias, Kurds and
Luts are cxeellent blacksmiths,

Besides the workshops there are also great storcs
departments distributed at various centres. ‘There
are-—neglecting sub-stoses—three main stores, at
Fields, Ahwaz and Abadan respectively, It will be
undetstood that not only the varied materials for the
engineeting and building operations—the pipes, rails,
girdets, tractoss, engines, well rigs, and the thousand-
and-one other articles—but also, to meet the needs of
the great number of FEuropeans employed, wvast
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quantities of food, provisions, furniture, crockery
and other domestic utensils have to be impotted into
the countty.

The extensive stores at Ficlds, Ahwaz and Abadan
have been constructed and laid out on modetn scien-
tific principles, and are equipped with up-to-date
loading and ttanspotting devices, in order 1o ensure
the efficient stotage and distribution of these varied
products, For example, the stores department at
Fields is equipped with a 1o ton electric crane and
the railway from Dar-i-Khazineh to Fields runs into
the stores yard, bringing approximately three hundred
tons of material per month, The provision depart-
tnent distributes no less than £6,000 worth of stores
pet month, Atlached to the stores is an ice factoty,
with modetn tefrigerating machinery, which manu-
factures 3% tons of ice per day in the summet, and is
capable of a daily output of 8 tons. Ample cold
storage is provided and there is also a soda water
factory tutning out, on the average, 700 bottles of
soda water per day. A staff of six Buropeans, fifty
cletks and 120 Persian labouters is needed to work
Fields stores alone. The stores at Ahwaz and Abadan
perform similar functions on a comparable scale.

It is their boast at stores, as it was Mr, Whiteley’s
boast, that they can supply anything. The writer
accepted a challenge to put it to the test at Abwaz,
It is ungracious to tell the sequel but ¢his is, in part, a
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historical record. The wtiter asked for a back collar
stud, to replace one that had done faithful duty for
fificen years and then broke when he was as far from
home as Persia. Alas! the stores failed. It is but fair
to add that within an hour the Company provided
him with a proper stud, but the soutce of its supply is
still wrapped' in mystery. It did not come from stores.
The writer has an uneasy suspicion that he is still
regarded at Ahwaz as one who did not play fair in
asking for such an asticle,

1. GRADING OF THE WORKIRS

We have secn that general education and manual
training have been organised, and are to be extended
and developed, in ordes to increase the supply of
Perstans  suitable for employment in the vatious
skilledcoccupations provided by the Company. There
was, however, disclosed a need for further organisa-
tion when the workers have been educated and
trained. 1t should be realised that there ate no trade
unions in Petsia ready to receive the wotkman out of
his apptenticeship and to give formal recognition to
his status and skill. We may leave aside, as beyond our
putpose, all questions of the tegulation, by collective
bargaining ot otherwise, of wages and houts of
labour, Thete still remains, for the skilled worker,
the need of a formal apptaisement and tecognition of



166 I a Persian O/ ['reld

the skill he has acquired. The Hnglish mechanic who
has served his apprenticeship, to take a westetn
example, is “hall marked” as a skilled aitisan and his
status as such is generally recognised.  The Anglo-
Persian Oil Company tealised that it was not enough
to train their Persian employees in the workshops or
at. the drilling tigs or elsewhere. It was nccessaty to
make the skilled worker conscious of his status and to
give him an intetest and pride in maintaining and
improving it.

A system of grading the workers according to their
skill was, therefote, devised and has been in opeta-
tion for some time. For each prade of workers there
are prescribed and definite tests. When the workes
has acquired the requisite competence in any one
grade and has passed the prescribed tests he is gven
a cottesponding cettificate. He can sceuie promotion
10 a highet grade only by passing the requisite tosts for
that grade. These certificates not only testify to the
degree of skill reached by the worker but also give
him a recognised status, cartying with it a corres-
ponding standard rate of pay. Motcoves, a worket
retains his certificate and, if he should leave the Com-
pany’s employment for a time, to taste nomad delights
or for other reasons, and then seck re-engagement,
he is recognised as eligible for re-employment in his
certified grade.

According to the testimony received by the writer,
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the Persian wotkers appreciate highly the value of
this system of grading and guatd it jealously. It is
claimed that it fosters their self-respect, it gives them
pride in their wotk and it ptovides them with incen-
tives for improvement. It is an attempt to do for
these initially unorganised, Persian workesrs some-
thing of what the craft guilds did for English work-
men from the middle ages down to recent tirnes. The
future development of this pregnant scheme will be a
matter of great interest and moment. To the writer,
and probably also to the reader, its most significant
featute is the recognition, implicit in the scheme, that
the self-tespect of the worker and his pride in his work

arc of vital concetn to the efficiency of any industrial
systetn.



CHAPTER XVIII
SOCIAL AMENITIES

SomeTHING should now be said of what is done for
the social comfort and even the delight of the em-
ployees of the Company. For obvious teasons the
need for some provision of this soxt is greatest for the
European employees, who ate far removed from their
homes and from the society, games and relaxations to
which they may be presumed to have been accus-
tomed. Altogether there arc about 1,000 Buropeans
employed by the Company in Persia. Thete are
communitics of about 350 at Fields, joo at Abadan and
seventy at Ahwaz; and smaller groups, widely dis-
persed, in vatrying degrees of loneliness, at the pump-
ing stations, the rail-tiver head, the distant test areas
and other outposts. The reader may be reminded that
they who are hete conveniently termed “Turopean®
ate mainly British, Of the provision made for theit
health and housing something has algeady been said.
It is with their gregarious needs that we are now
concerned.

In the first place ample provision is made for
games—cticket, football, hockey, tennis, squash rac-
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quets and golf. At Fields, for example, they run a
football league and an annual international (Iingland
v. Scotland) football match; and they have no less
than thirty-nine tennis coutts, in the construction of
‘which much ingenuity, not unmixed with science, has
been shown. Grass courts are out of the question
there; in the summer the grass is scorched up and in
the winter it is too scant. The foundations of the tennis
courts are made of “Kah-gil,”” a mixture of straw and
mud, frequently used locally for the roofs of dwellings.
Over this is a surface of sea shells which, when rolled,
provides a durable court that plays fast and requires
only systematic rolling to keep it in good condition.

Similar facilitics for golf, football, cticket, tennis
and squash racquets are provided at Abadan and also,
for some of these games, at Ahwaz. Polo is played in
Ficlds, Ahwaz and Mohammerah, the last named em-
bracing Abadan, Most, if not all, of the outlying
stations have at least teanis courts. Thete is even a
race course at Fields and the gymkhana clubs holds
three ot fout tace meetings a yeatr, The writet attended
one meeting held during his visit. It was run entirely
by volunteets and was as well organised and furnished,
down to the totalisator and the stray dog on the coutse,
as a typical race meeting in England. There is now also
a race-cousse with totalisator at Abadan, and meetings
are held twice a year. A boating club has been fotnied
in Abadan and a barge, moored 1n the Shatt al Arab,
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has been equipped as a club-house, on which dinners
and dances ate petiodically arranged. Regattas and
motor-boat races arc held at intervals,  Swimming
baths have been built in Fields and ate in course of
construction in Abadan.

At Abadan, Ahwaz and Fields there are clubs;
spacious, well-built, and provided with such con-
veniences as lounge, billard room, card room, read-
ing room and usually, too, dance hall, fitted with
stage and dressing rooms for theatrical petformances.
At Fields, for example, there are cight clubs to meet
the social needs of both Europeans and others. At
Abadan a central restaurant has been cstablished on
the lines adopted by big business houses at home. A
manager and a French chef cater for something like
350 employees, Three meals a day are provided,
which has proved a great boon to the junior staff, In
addition, a private dining-room, accommodating
twenty persons, aflords members of the staff oppos-
tunitics of giving dinner pattics to their fricnds, The
Anglo-Persian Oil Company, it should be said, pro-
vides the buildings, furniture, lighting and heating,
and even the periodicals for these clubs, free of charge;
for the rest the clubs must be, and are, self-support-
ing. Fach club—and this applies equally to the spotts
clubs and to the gymkhana club—is run by its own
committee. ‘Tennis is free, but the other sports, such
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as golf, cricket or football, stand on their own finan-
cial fect.

A great central hall for Ficlds atea has been built
by the Company at Chasmch-i-’Ali, and was formally
opened at Christmas, 1926. It is available for the
dances, concerts, theattical and other entertainments
that are organised from time to time by the various
clubs in Fields area. In design, construction, accom-
modation and equipment, the building may well
challenge comparison with elaborate halls for similar
purposes in London.

Nor have the mote serious intellectual interests
been overlooked. A lending library has been orga-
nised for the service of subscribing readets at Fields,
Ahwaz and Abadan; and thete are occasional lectures
delivered by visitors and others on selected subjects.
An attempt is made even to satisfy the modern craving
for the daily paper; and a cyclostyled sheet or more
of foolscap circulates daily the eclectic budget of news
picked up by the witeless station at Abadan from the
bulletin broadeast each day from Rugby in England.

The extent and the variety of all thesc social acti-
vities have led to the creation of a special social depart-
ment, having its own office and its own full-time
organiset, who acts also as a combined secretary and
liaison officer fot many of the club and society doings.

Lest the reader should think that this cursoty
tecord of the lighter side of things is beside our main
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putpose, it should be pointed out that these varied
facilities for games, social intercourse and amusement
are not mefely the bountiful largesse of a munificent
cotporation.  They are essential to the comfort,
happiness and esprét de corps of the exiled Tiuropeans
morte especially, on whom the main responsibility for
the efficient working of the Company’s multifarious
operations depends. They help materially to ward off
that “staleness” to which every limited community
of Europeans, mote or less isolated in a fotreign
countty, is liable.

It might seem on first thoughts that there need be
no staleness in such a community as, for example,
that at Fields, where there ate neatly 350 Turopeans
including some forty ladies. Such a circle may seem
big enough to many a Londoner whosc acquaintances
are few; but, however small a social circle in London
may be, each member of it makes {resh contacts.every
day with wider circles, so that there is a2 constant
social irtigation with fresh ideas, new topics and novel
interests, The social circle at Ficlds, on the other
hand, may be latger but it touches no wider circle
outside it; the intellectual and social exchanges ate
confined for the most part to the same members;
there is not the same opportunity for cross-fertilisa-
tion of ideas and topics. In such circumstances it is
easy to sec how a feeling of stalencss may come to

pervade the community and te take some of the zest
out of life.
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The games, the clubs, the concerts, the dances
and other entertainments are valuable specifics against
the growth of staleness and social ennui, quite apart
from their effect on physical health., From this point
of view, therefore, they too may be tegarded as pro-
perly belonging to a study of the scientific treatment
of the human material in industry. They are, no less
than the means adopted to minister to health and to
provide good housing, direct aids to industrial
efficiency.

Before this chapter is closed, however, brief
refetence should be made to spiritual needs. In Persia
Islam not only is held jealously and tenaciously, but
permeates and pervades the whole life of the people.
'To sec, as the writer saw, a Persian labourer, in the
midst of his wotk on the pipe line in the desett, step
aside and, facing towards Mecca, go through his
prayers, devoutly undistuthbed by the presence of
othets, is to get a vivid light on this aspect of Persian
life. In all that the Company does, therefore, it is
anxious and careful to respect the religious suscepti-
bilities of its Persian employees. At the same time it is
significant that the Board of Ditectots of a great oil
company recognizes that its Buropean employees in a
distant countty do not live by bread alone, Accord-
ingly a chaplain has recently been engaged by the
Company and sent to Persia, in order that the spiritual
and private needs of the staff may receive sympathetic,
petsonal attention,



CHAPTER XIX
SOME ECONOMIC FACTORS

Berore bringing this study in scientific and industrial
development to a conclusion, an attempt should be
made to summarise briefly some of the conspicuous
economic and social benefits that have accrued to
Persia through the opetations conducted in that coun-
tty, by the Anglo-Persian Oil Company.

The economic and social advantages ensuing {tom
the provision made, and described in the preceding
pages, fot the health, housing, cducation and training
of the Persians nced no elaboration. It is enough to
say that to improve the health, to increase the, indus-
trial efficicncy and to raisc the standard of comfort of a
lazge section of the working population of any coun-
tty ate, perhaps, the most valuable and perinanent
forms in which conttributions can be made to the real
wealth of the countiy.

But there ate othet economic benefits to Persia,
directly attributable to the work of the Company,
such as, for example: improved transport facilities
by road making and other means; the direct revenue
paid to the Persian Government by way of royalties,
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as well as cont ttbutions to local authoritics for appro-
piiate seivices; the creation of incieased spending
power by the disttibution of a laige wages fund;
and the stimulation of production and the mcrease in
volume and vatiety of the imports into Persia in order
to meet enlarged demands for commodities. All these
benefits are the tangible and intangible tesults of the
work of the Anglo-Persian Oil Company in export-
ing from Peisia the crude oil found beneath the sus-
face and the refined products obtained from it. We
may glance only cursorily at these factors.

No one who has visited the Middle East and seen
the ceaseless caravans of asses, mules or camels, carry-
ing their heavy loads over the deserl or through the
defiles of the hills, along rough tiacks made only by
the feet of countless, similar caravans through the
ages, can fail to tealise what an cconomic boon is a
solid, unquestionable road. The Company has con-
sttucted in Petsia no less than 1,600 miles of roads.
Many, pethaps most, of the Company’s roads are
among the twisted, crumpled foothills to which
reference has been made and the construction of pro-
petly giaded-roads on such a terrain has called for
gieat cngindering skill and an enormous use of
labout. The roads had to be made fit to bear heavy
traffic and this has necessarily involved the building
of numerous bridges. The road from Fields to Dar<-
Khazineh, for example, some thitty-six miles long,
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passes for the gieater part of this distance through the
‘Tembi valley, which is for long lengths a decp goige;
and the road has been blasted out of the steep sides of
the goige and crosses the wver by several budges.
The Company employs, directly or through contiact,
some 4,000 Petsians who are engaged constantly in
making or maintaining roads.

Besides the road from Dat-i-Khazineh to Fields, a
1ailway of 24 feet gauge was constiucted by the Com-
pany and opened i1n 1923. It follows also the Tembi
valley and crosses the river by numerous bridges.
Along this railway from 3,000 to 4,000 tons of material
per month are tiansposted, and the distribution of
materials from the rail-river head, by road and rail-
way combined, amounts to no less than 7,000 tons pet
month, Passengets are carried along the sailway by
means of a “Drewry” cat—a sort of open-sided, single-
deck, tram car, driven by a petrol motor built into the
chassis.

It is true that the main function of these roads is to
serve the transport needs of the Anglo-Persiun Oil
Company, and that, apart from the employecs of the
Company, there is no considetable local population,
settled near the roads, to which they can be of great
nse. But they are generally available to all and are
used to some extent by Persian non-etoployees. In any
case, they constitute a valuable addition to the material
assets of the country, both actually and potentially.
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Not only so, but by their very cxistence they provide
an object lesson and an incentive to other areas, which
may lead in time to improved road making and
transport facilities in other parts of Petsia,

The organisation and the control of the vatied
traffic along these roads is no light undertaking. For
example, the total Fields transport fleet, including
lorties and cars, is 467 vehicles; and fot the whole of
the transport operations in Fields atea, taking into
account the cars and lorries entering from other
areas, approximately, 1,000 vehicles ate used. There
are similar transport fleets at Ahwaz and Abadan. It
is worth notice that the motor lotries are equipped
with a special device, called a “Controllograph,”
wheteby thete is automatically recorded, on a circular
paper dial, the time taken, the speed, the rest petods
and the distance coveted for cach journey of the
lotry, The value of such a record for checking waste,
loitering, furious driving and misuse is obvious.

The drivers of the cats and motor lorties ate
mainly Persians, including Arab and Armenian sub-
jects of Persia, and most of them have been trained
to their work by the Company, At Ahwaz, which is
roughly the half-way house between Fields and Aba-
dan, there is a great motor repait and overhaul shop
whete the cats and lotties ate petiodically “vetted”
and put into working ttim,

Incidentally it may be mentioned that in the busy

M
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ateca of Fields itself and also at Abadan the road
traflic is controlled by Atashkarics, after the manner of
the City police near the Mansion House in London,
These Atashkaries, it should be explained, are Persiun
firemen, members of the Company’s efficient fire
brigade, and are trained under a Buropean chief officer
who was formerly chief of the fire brigade of an
English botough. They wear a khaki uniform, with
“shorts,” and have a passion for saluting with the
smartness of a British guardsman. There is even, in
the centre of Maidan-i-Naftun, that most modern
development, one-way traffic—maybe along the line
of the very mule track that Alexander the Great
traversed on his invasion of India, Such is the progress
of the centuries.

In connection with transport, mention should also
be made of the fleet of shallow-drauglt, stern-whee]
paddle steamers that ply on the Karun river between
Abadan and Dag-i-Khazineh and are the main’means’
of transporting the heavy materinls impotted at
Abadan and needed at Fields, It was explained that at
Ahwaz, on the tiver Karun, some 114 miles by river
from Abadan, thete is a scties of rapids. The Com-
pany has, therefore, to maintain two fleets of these
boats, one to work the lower teach of the Karun
tiver from Abadan to Ahwaz, the other to work the
upper teach from above Ahwaz to Dar-i-Khazineh,
The navigation of these steamers, which are oil-
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fired and draw only from three to five feet of water,
needs care, for the Karun tiver winds and twists
unceasingly through the desert, is subject to great
fluctuations of flow, and is beset with mud banks in
its course. In times of flood the river frequently oves-
flows its banks into the desert around for miles, and
it shifts its course from time to time so that landing
stages constructed at chosen points may be rendered
useless.

Lastly, to complete this outline of transport faci-
lities, bate refetence should be made to the fleet of
tankers that come to Abadan to take the crude oil to
the Company’s tefineries at Llandarcy, South Wales,
and Grangemouth, Scotland, and refined products
to various distributing centres all over the world.
The tanker fleet now consists of cighty-six ships
(seventy-eight in commission and eight building) of
782,000 dead weight tonnage, which combine all the
modern improvements of this type of ship. To enable
the latgest of these tankets to be fully loaded at
Bawatda, the new channel has been dredged, at the
Company’s expense, through the Bar of the Shatt al
Arab on the-head of the Persian Gulf.

It may b& convenient to interpolate here a brief
desctiption of what the Company has done in the way
of developing means for the rapid and reliable com-
munication of information between its scatteted
operating units, With vessels entering and leaving
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Abadan at the rte of ten per day, with exploratory
tests being conducted in remote parts of Persia, and
with the long pipe lines connecting the producing
fields with the refinery, it will be obvious to the
reader that reliable and speedy means of conveying
information is a vital necessity.  The Company has,
therefore, developed an cxtensive system of tele-
phones, telegraphy and witeless stations, There are
two main wireless stations, onc at Masjid-i-Sulaiman
and the other at Abadan, supplemented by five
wireless installations, of shorter range, at other loca-
tions. These smaller stations are in touch with the
one ot the other of the two main stations and thus
a message from any one can teach (by being relayed, if
necessary) any othet station. Thete atc no less than
375 pole miles of the telephone and telegraph system
in constant use, the number of miles of telephone and
telegraph wire necded to complete the service being at
least six times the pole mileage.

In the case of the pipe lines, for example, that catry
continuously, day and night, the crude oil from the
wells to the tefinery, communication by telephone and
telegraph must be maintained between -these centres
and the pumping stations, for a break in'the pipe line
ot an accident in a pumping station might involve a
serious loss of oil, unless insttactions could be issued
immediately to cease pumping and to effect the neces-
baty tepairs. Messages are passing continuously over
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the telephone and telegraph lines, recording pressutes,
tank depths, temperatutes and a hundred and one
technical details, all of the utmost impottance to the
engineers responsible for the throughput. No patient
in a hospital has such attention given to every throb
and pulse beat as has this vital line. Without telephone
and telegraph systems maintained in a high state of
efficiency, the main pipe-line would be really more
difficult to opetate than would a failway at home
without its telephonic and telegraphic signalling
systems.

Again, in the course of testing the oil respurces of
the country, wells are sunk in far distant and almost
inaccessible districts, with which continuous commu-
nication must be secured. The configuration, and at
times the unsettled conditions, of the region between
headquarters and these outlying test areas is such that
landstelegraph lines could be maintained only at pro-
hibitive cost. The Company has taken full advantage
of tecent developments in radio scicnce and has in-
stalled a system of witeless telephones and telegraphs
which enables the prospectors in these test areas to
communicaté their needs to, and to receive insttuc-
tions from, the principal witeless stations at the oil
fields or at Abadan.

Similatly the long distance wireless station at Aba-
dan—the greatest oil post of the East—enables the
tankets at sea to communicate their due date at
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Abadan; betthing and loading  instractions to be
passed Lo the vessels while yet many miles away; and
the pilots at the enttance of the Shatt al Arab to be
watned in time. Thus, on reaching Abadan, the vessel
comes without fuss or delay alongside het appointed
whatf, whete the shore stafl ate in readiness to con-
nect the loading lines and hasten the vessel’s despatch
to distant shores with her cargo of 10,000 tons of oil.

The telephonic, telegraphic and wireless installa-
tions are just as essential elements of the Company’s
equipment as are the pipe-lines, the pumps, the roads
and the thilway., They constitute, itx a very real sense,
the nervous system of this great industrial organism,
by means of which the most distant parts are brought
into instant and intimate touch with headquarters in
Persia, and without which it would be impossible to
co-ordinate to proper [unctioning the wvaried  and

« scattered operations of the Company.

The disect contribution to the revenue of the
Petsian Government, pald in royalties from ror3
to 3ist December, 1928, amounted to just over
eight million pounds sterling, the paymwents for the
twenty-one months ended 31st December, 1920,
being estimated at about one and three-quartets of a
million pounds. Since the total national tevenue in
1920-27 amounted to 2 little more than 6} million
pounds, it is obvious that such substantial payments
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must telieve the tax-payer in Persia of a considerable
part of his tax burden,

In wages and local purchases the Anglo-Persian
Oil Company pays out in cash in Persia some 2%
million pounds sterling anaually. The economic
benefits of such a latge wage distribution among the
population cannot be confined to the wage receivers;
the increased purchasing powet spreads prospetity to
the traders in the bazaats; it contributes its share to the
genetal purchasing powet of the nation as a whole;
and it does something to stimulate production and to
increase impotts in order to meet the enlargededemands
so created.

It may be of intetest to note here that in order to
guard against great fluctuations in the cost of living
among the Persian wotkers, more especially fluctua-
tions cnused by wheat shortage, the Anglo-Petsian
Oil ‘Company holds large resetves of wheat which
can be unloaded on to the market when the price of *
that commodity tises so much as to be a real addi-
tional butden to the workees. Inthis way not only can
immediate distress be met but prices and wages ate
steadied, to,"the mutual advantage of employer and
employed,

It is wotthy of rematk that the present enlightened
Shah of Persia has visited a great past of the atea of the
Company’s active opetations in Persia and that, in
December, 1926, 2 number of Cabinet Ministers of the
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Persian Government made a similar visit.  There is
good reason to believe that the Shah and his govern-
ment are alive to the economic and social benefits
accruing to Persia and the Persians from this great
industrial enterprise and that, in particular, they
welcome the policy of the Company in secking to
increase the co-operation of Persian subjects in the
varied operations of the Company.

In this connection it may be mentioned that it is the
custom of the Company to issue in Persian the annual
general report of the Company as well as Persian
translations of other selected publications. In this way
an intellectual intcrest is created and maintained
among educated Persians in the progress and develop-
ment of an industry of vital economic significance to
their country. Nor docs this intellectual entente, if it
may be so called, end here, At home lectures ate
deliveted from time to time before appropfiate

‘societies, and articles contributed to magazines and
institutional joutnals, by officials of the Company,
and notably by Sir John Cadman and Sir Arnold T,
Wilson, on subjects telating to Persia, with the
object of familiarising English audiences’ and rcaders
with Persian achievements, ideas and aspirations.
Apart from the inherent interest of lectuzes and articles
of this so1t, their psychological effect, thete is reason
to think, is not negligible.

Much more might be said, of coutse, were mote
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space available, on the cconomic tesults of the activi-
ties in Persin of the Anglo-Petsian Qil Company.
Enough has been said, perhaps, to make it not alto-
gether a wild hope to entertain, that the tecord here
given may help to dispel the notion, sometimes held
and expressed at home, that the work of any great
industrial undertaking can be dismissed airily under
the contemptuous term of exploitation.



CHAPTER XX
CONCLUSION

In the fotregoing pages an attempt has been made to
show broadly, without too much technical detail,
the extent to which the Anglo-Persian Oil Company
has applied, and is applying, scientific knowledge,
tesearch sand methods to its activities, more espe-
cially in Persia. There are some outstanding featutcs
of this aspect of its wotk to which attention should
now be directed.

In the fitst place it will have been recopnised that
the distinction often drawn between pure science and
applied science has no practical significance irr the

*detcrmination of the Company’s operations, To
clucidate the scientific principles involved, to gain
the scicntific knowledge needed, and to apply the
knowledge, in so far as it can be applied, to industrial
practice, these aits are regarded as constituting essen-
tially one problem and one purpose.

In the second place, sclence is not confined, as too
often in industry it is, to a strictly limited technical
area, not is it regarded merely as the Hercules standing
by to get the industrial waggon out of the rut. There

186
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ate no limits set to the field in which science, ot at
least some of the methods of science, may be applied;
and the scientist is adopted into the industtial family
as 4 wotking member of the household, on equal
footing with the othet members, such as the business
man, the financiet ot the administrator. It follows
that the problems presenting themselves successively
for solution are seen steadily and seen whole—to
borrow Matthew Arnold’s phrase—from a standpoint
that includes the view of the man with the pick and
also the view of the man with the test tube. The metg-
ing of these two outlooks and the co-opetatign of the
corresponding personalitics provide an example well
worth study of how science can be well—pethaps
best—assimilated into the industrial organism, It is
of more than passing interest to note that this unre-
served acceptance of the roles of science and the
scierftist in industrial development culminated in the
appointment to  the Chairmanship of this great
corposation, by the unanimous vote of his [ellow
Diteetors, of Sir John Cadman, whose ptevious expeti-
ence combined that of a distinguished univessity
professor with that of a mines manager familiat with
the face of the coal seam.

Another notable feature that can hardly have es-
caped the reader’s attention is the comprehensive
character of many of the researches undertaken—for
example, on the methods of oil finding; the studyof

s
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pressutes and levels; the problem of the gas; the
cotzelation of investigations into engines and engine
performances with those into the oil to be used in
the engines; and the investigation of tropical and
industrial discases. It may possibly be argued, at first
blush, that a company having the large financial
resoutces of the Anglo-Persian Oil Company can well
afford to take such a comprehensive view of rescarch
needs. Whatever truth there may be in such a con-
tention, the argument fails to take into accouat how
much these large financial resoutces ate due to the
general adoption of such a wide and far-secing
policy.

Such atre some of the broader considerations that
atise on a genetal survey of the morc strictly scientific
side of the Company’s work, It is, however, impos-
sible fitly to conclude this essay without a wider
glance at what in effect the Company has doffe in
Petsia,

Before the Company came to Persia the area around
Masjid-i-Sulaiman was little else than a wilderness of
cruropled hills, the loneliness of which was disturbed
only by the wandeting nomads or by the prowling
hyznas and jackals. There wete no roads. Thete
wete only mule tracks which the nomadic tribes
with their flocks and herds traversed twice a year on
their way to the growing grass. A few rude habita-
tions provided shelter for the relatively few Persians
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that tilled the soil to be found here and there in
favourable valleys and, having reaped their meagte
crops, then moved on,

To-day, among these same treeless hills, over an
area of about 200 squate miles, there is a settled indus-
trial population of some 30,000 souls, provided with
all, or neatly all, the conveniences and amenities of
western civilisation—good roads with motor trans-
port; a light railway; electric light and power supply;
pure water supply; natural gas; excellent housing
accommodation, from the spacious bungalows for the
higher British stafl to the rows of solid houses for the
Persian labousers; substantially built and® sanitary
bazaats, including bakety and baths; a mote than well
equipped hospital; modern sanitation; skilled medical
and sutgical setvice; telegraph and telephone services;
witeless station; fite brigade; schools and workshop
traiming centres; clubs and a central hall for concerts
and other entertainments; playing fields, tennis and .
racquets courts, golf links and-—cven—tacecoutses.

Dotted hetc and there in Ficlds ate the derricks
which matk the spots whence is drawn from below
that datk liguor, the crude oil, which is the very life
blood and ‘sustenance of this elaborate civilisation
and also of the similar and larger community, a hun-
dred and fifty miles away, at Abadan, Round about
on the gaunt hills are the ever burning, mighty flares,
pillars of cloud by day and gigantic torches by night,
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that witness to the enormous store of energy beneath
this part of the carth’s crust and themselves provide
freshi problems of the conservation and use of this
encrgy, problems which cull for further sustained,
scientifically directed, human eftort,

A not less remarkable transformation has been
effected at Abadan and Bawarda, on the island of
Abadan, at the head of the Petsian Gulf. Before the
Anglo-Persian Oil Company began to construct its
refinery hete, the land was a waste patch of mud
desert, breaking the continuity of the palm groves that
line both sides of the Shatt al Atab from above Basra
to near The bat of the Pessian Gulf.

To-day there is 2 community of some jo,000 souls
at Abadan, which has, excepting the railway, practi-
cally everything—and more—to be found at [iclds
and, when the writer was there in December, 1926, an
expert botanist was studying the problem of the
most suitable trees, shrubs and plants to be sclected
tor the adortment of a public patk already under con-
strtuction.  Abadan and Bawagrda, morcover, form a
great shipping post—-‘the Swansea of the [Dast''
with loading jetties, thrust out into the deep water of
the Shatt al Arab, to which and from *which come
and go the great tankers of 2 mighty fleet, as well as
the shallow-draught, river craft that ply on the home
watess.

To watch the cutrent of life flow and reflow, day
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by day, through these vasied channels, and to reflect
that but a few short yeats ago there was nothing at
Fields but a hilly wilderness and at Abadan only a
bate desert, is to realise what a great thing has been
done for Persia, for Britain and for civilisation in this
area of the Middle Tast, It is inspiring to remember
that all these results have come ftom British entet-
prise, industrial otganisation and, not least of all, from
the steady, persistent application, continuously di-
rected from the head, of scientific knowledge and
methods to the whole business of getting and tefining
a black liquid from the bowels of the earth.

The writer is not disposed to qualify tB exalted
view expressed to him that what the Anglo-Persian
OIl Company has done in Persia is one of the finest
achievements associated with the British name. Tt is
a great game finely played, and the spectator must be
dullwho is not thrilled by it and apathetic if he does
not fecl, while watching the game, some longing to
be a participator in it.

Cotporations, it is said, have no souls. One might
as well say that schools have no tone ot that the spirit
of a university is 2 meaningless phrase. It would be
truer and better to say that evety corporation has a
soul, cramped ot spacious, mean or generous, shott-
sighted or fat-sighted, datkened or enlightened.
The decisive test, as John Motley pointed out yeats
ago in reference to nations, is the height and ampli-
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tude of the issues engapged and whether they are
pursued intrepidly or “with creeping foot and blink-
ing eye.” The reader must judge how far the Anglo-
Persian Oil Company comes to meet this exacting
test.






