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CODE OF ELECTRICAL PRACTICE FOR THE 
PETROLEUM INDUSTRY.

A l a n  D. M a c l e a n  (F e llo w ).

P r e f a c e .

I h a v e  been requested to  present this paper in m y capacity o f  Chairman 
and spokesman of the  Sub-Committee of the In stitu te  of Petroleum  
appointed to  draft the  Code of Practice forming its subject.

I  would like, a t the outset, to  pay a sincere tribu te  to  my fellow-members 
on the committee and others associated w ith the work for the enthusiastic 
attention  they have devoted to  th e  production of the Code. I t  has 
not been easy for any of them  to spare the tim e and trouble they have so 
willingly given to  see i t  through.

We are all alive to  the imperfections of the result, bu t feel th a t a fair 
start has been made to  fill an im portant need, and th a t if the Code is kept 
under regular revision as experience is gained in its application and to  keep 
it abreast of electro-technical development, i t  will be of considerable and 
lasting service to  th e  petroleum industry.

I t  is not easy to  make a paper of this kind interesting, or indeed very 
informative, to any who have no t read the draft Code itself. All I  can do 
in a short space is to  give some account of the work of the drafting com­
mittee and indicate the form and scope of the Code and some of its more 
im portant basic aspects.

The Code was compiled with the idea of its being issued by the In stitu te  
of Petroleum as a guide to  appropriate electrical practice applied solely 
to the petroleum industry. Some parts of it are still under consideration 
by various committees of the Institu te , and it has recently been suggested 
by the B.S.I. th a t when it  has reached final form it m ight instead be issued 
by them  as a B.S. Code of Practice.

Neither this paper nor the Code itself purports to  embody or disclose 
any original work, bu t merely to  survey and correlate the work and views 
of other workers in th is field and to  extract and set out reasonable and 
practical rules for the  guidance of those concerned with electrical m atters 
in the industry.

Certain controversial m atters th a t have emerged during drafting will be 
mentioned in  the hope th a t these m ay draw suggestions for improvement.

O r ig in s  o f  t h e  C o d e .

As m ight be expected by those of us who knew of his pioneering work 
in the application of electrical power to  all purposes in the  petroleum 
industry, and the continuing interest th a t he took during his lifetime in 
all m atters electrical, the idea of compiling a British Code of Electrical 
Practice related specifically to  the problems and conditions encountered 
in th a t industry, originated in the mind of th e ja te .  President of the 
Institu te , Mr. Christopher Dailey.

E  E



He, like others of us concerned in this work, had become increasingly 
conscious of the growing need for the  development of standard  lines of 
electrical equipm ent especially suited to  these conditions. Also, as refinery 
processes and products became more diverse, the variety  of kinds and 
sources of risk increased, so th a t one had a t times to  look to  the  practice 
followed in other industries to find guidance for certain applications in our 
industry, and he felt th a t a compilation giving fairly general guidance on 
the selection of suitable electrical equipm ent and m ethods of installation 
would be helpful.

In  addition, it was felt th a t such a Code would assist B ritish manufacturers 
in meeting the needs of the  industry  overseas as well as a t home.

During 1941 some attention had been directed to  the m atter by the 
Petroleum  Division of the  M inistry of Fuel and Power in connection with 
proposals formulated by them  for the protection of oil storages under war­
tim e conditions. These proposals included certain recommendations 
relating to  the use or incidence of electricity, including lightning and static.

In  1942 a Government Petroleum  Installations Committee was set up 
by the  M inistry of Fuel and Power, and form ulated, as p a rt of a special 
report, rules for the use of electricity in buried installations for spirit 
storage. These rules were subsequently adopted by the Petroleum  Board 
and the Government D epartm ents concerned, and are a t  present in 
operation.

Requests were a t th is tim e received by the In stitu te  from G reat Britain 
and overseas for guidance in regard to  these m atters, and th is intensified 
Mr. Dailey’s feeling th a t, although no t easy to  achieve in war-time, a code 
of practice generally representative of the  views of the industry itself 
should if possible be produced.

Discussions in the In stitu te  and the industry  generally made it apparent 
th a t, particularly in regard to  oilfields, where conditions vary  enormously, 
and to a lesser ex ten t in refineries and installations overseas, a  considerable 
diversity of opinion and practice prevailed.

In  the absence of authoritative guidance, and indeed in  some cases of 
suitable p lan t and equipm ent available from Britain, some B ritish concerns 
had necessarily adopted American p lan t and practice or developed their 
own.

Moreover, apart from the obvious desire of all concerned to  follow safe, 
sound and reasonably uniform practice, there appeared to  be some danger 
th a t unless the  industry itself produced some guidance, unnecessarily 
onerous or unsuitable and hampering regulations m ight be imposed upon 
it from w ithout through imperfect knowledge of th e  natu re  and extent of 
the risks involved on the p a rt of those framing the regulations.

C o m m it t e e  o f  E l e c t r ic a l  a n d  A l l i e d  M a t t e r s .

The first step taken  by the In stitu te  was the form ation in January , 1943, 
of a committee known as the Committee of E lectrical and Allied Matters, 
under the Chairmanship of Mr. Dailey, to  explore the m atter.

This Committee was generally representative of the m ajor British oil 
companies operating in B ritain  and overseas. I ts  term s of reference were 
to  collate and review existing authoritative rules for particular conditions
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and to  obtain particulars of the rules and practice followed by the major 
companies, which together would form a basis for regulations to  be issued 
by the  In stitu te  of Petroleum. In  addition to dealing with electric power 
and lighting, guidance was to be given in regard to protection against 
lightning and static electricity.

D r a f t in g  S u b -C o m m it t e e .

After arranging to  obtain for consideration particulars of the electrical 
practice followed by the major companies, a sub-committee composed of 
electrical engineers connected with these companies was formed, with 
myself as Chairman.

Our term s of reference were very wide, comprising consideration of the 
above-mentioned applications of electricity and incidence of electrical 
phenomena throughout the industry—as Mr. Dailey p u t it, “ from the oil 
well to the kerbside pum p.”

I t  soon became apparent th a t certain premises for which special provision 
is already made in Government or Local Government regulations, such as 
tankers and public garages, should for the time being be excluded from the 
purview of the Code.

I t  was also recognized th a t special consideration m ay later require to 
be given to  the requirements of such processes as can repairing with 
electrically heated soldering irons.

I t  m ay be mentioned th a t since the Drafting Committee began its work 
the whole question of the  use of electricity in so-called dangerous industries 
has received, and is still receiving, widespread attention. A notable paper 
has been read before the I.E .E . upon “ Industrial Eire Risks ” by W. 
Fordham Cooper and F. H. Mann, which touches upon the risks encountered 
in the petroleum industry, among others. Several articles dealing with 
the design and installation of flameproof and intrinsically safe apparatus 
have appeared in the technical press.

An extremely valuable and comprehensive Review of Electrical Research 
and Testing with regard to  F .L .P. enclosure and Intrinsic Safety of 
Electrical Apparatus and Circuits has been issued by the Ministry of Fuel 
and Power which goes a long way in clarifying ideas about the  problems 
involved in these m atters and the technical factors entering into their 
solution. The review makes it clear th a t a good deal of further research 
is needed, especially in regard to  intrinsically safe apparatus and circuits, 
before complete solution of the m apy problems is achieved, bu t a t least 
the nature  of these can now be seen w ith considerable clarity, and the 
lim itations of solutions offered so far can be largely defined with safety.

A committee of the I.E .E . is a t present engaged upon drawing up a 
section of rules for the installation and maintenance of flameproof apparatus. 
Committees of the B.S.I. are engaged in revising the B.S. Specifications for 
F .L .P. and for intrinsically safe apparatus and circuits. The revised 
Specification No. 229 for F .L .P . apparatus in particular is of especial 
importance to  the  petroleum industry, as it  will classify types and require­
ments of such apparatus over a wider range and in much greater detail 
than  hitherto.

The In stitu te  of Petroleum is represented on these committees, and to
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some ex ten t th e  needs of the industry  will be m et by  th is co-operation, 
h u t th e  full ground is no t covered by th is outside work, and  it  is still 
felt th a t a  comprehensive Code specifically and solely concerned with 
our aspects of the  problem, and  representative of the views of B ritish oil 
interests, is desirable.

In  th is connection it  m ay be m entioned th a t the  D rafting Sub-Committee 
is composed of electrical engineers, all of whom have had a num ber of years 
experience in the  oil industry  which, taken  together, covers oilfield, refinery, 
and distribution practice. I t  is a  committee of users, n o t m anufacturers 
or civil servants. They are no t so much concerned w ith design as with 
the requirem ents of design. They are, however, not chemists, drillers, 
producers, or refiners, so th a t in  assessing risks they  have necessarily had 
recourse to  advice based upon the  experience of their chemical and  other 
specialist colleagues.

The a ttitu d e  of the  electrical committee has been, in effect, to  say to 
their colleagues, “ You tell us the natu re  and  properties of a given atm o­
sphere and we shall tell you w hether or no t i t  is safe to  use electrical 
apparatus hi it  a t  all and if so w hat type of available apparatus to  employ 
and how to  instal and  use i t .”

A nother pom t to  bear in m ind is th a t the Code is concerned primarily 
w ith avoidance of ignition of inflammable atm ospheres by electric arcs 
or sparks, and not of danger to  life from shock or toxicity. This last point 
is of im portance, as in  the m ajority  of cases in the  oil industry  avoidance 
of toxic concentrations will autom atically exclude risk of explosion. 
Customary precautions taken  in th is connection, therefore, render the 
industry  safer from electricity risks th an  m ight appear a t  first sight.

F o r m  o f  C o d e .

The Code is divided into four m ain Sections, nam ely :—

Section I .—Introduction describing the scope and  purpose of the 
Code.

Section I I .—Definitions of the term s requiring to  have a specific 
meaning a ttached  to  them  to  make the in ten t and application of the 
Rules clear and unambiguous.

Section I I I .—E xplanatory Schedules to  describe the  purpose and 
basis of the Rules.

Section IV.—The Rules themselves.
Section I  .—Recommendations covering certain suggested pre­

cautions no t given m andatory status.

W ith  the exception of th e  Introduction and the  Recommendations, each 
of th e  above sections is sub-divided under various headings to  facilitate 
reference to  particular applications.

The m ethod followed in compiling the Code has been to  refer anjT particu­
lar subject requiring special study for its clarification to  one member of the 
Committee, who has produced for general discussion a d raft Schedule, a 
section of Definitions and a set of Rules dealing w ith it.

A general review was first made of American codes of rules and  explosion- 
proof apparatus, B ritish coal-mining practice, and  F .L .P . apparatus, also



FOR THE PETROLEUM INDUSTRY. 383

of British rules, such as those contained in the Petroleum (Consolidation) 
Act, those issued by the Railway Clearing House, the Home Office, the 
M inistry of Labour and National Service, and the Indian and Canadian 
Governments, as well as the statem ents of practice followed by the major 
oil companies and the rules recently formulated by Government committees.

This review indicated th a t to extract the essential information from these 
and pu t th is into a form capable of general application and acceptance would 
require something more than  the production of a bald set of rules w ithout 
explanation.

In  view particularly of differences in terminology rather than  intent, it 
was found desirable to  a ttem pt to define clearly not merely the electrical 
terms employed, bu t other term s used in the industry and the conditions 
of risk likely to  be encountered.

I t  may be suggested th a t to define or assess the nature of w hat may be 
described as the petroleum or chemical factor of the risk is no t within the 
province of the electrical engineer, bu t before he can recommend suitable 
electrical p lan t and precautions he m ust know something of the physical 
and chemical nature  of the atmosphere in  which it  is to  operate. This has 
been recognized by the other Committees referred to  previously who are 
dealing with certain aspects of the problem. F .L .P . plant, for instance, 
is classified by the permissible gap between flange faces, which depends 
on the nature of the atmosphere which is likely to  surround it, so th a t a 
classification of such atmospheres is necessarily included in its specification.

I t  is no t customary, in codes of practice, to  include much in the way of 
explanatory m atter, bu t in the  present case it  was considered desirable to 
describe ra ther more fully than  usual the nature of the problems dealt with 
and the principles underlying the comparatively brief rifles and recom­
mendations finally arrived at. One reason for this was th a t it would help 
officials and engineers in the field, especially overseas, who could not readily 
obtain advice or explanation, to  in terpret the in ten t of the Code and apply 
it to  unusual cases.

The following brief comments on each section of the Code will bring out 
the main points in each which may give rise to  useful discussion :—

Section I .—Introduction.
This explains th a t the Code does no t purport to indicate w hat constitutes 

safe and reliable electrical practice in general, bu t is intended rather to 
supplement existing regulations in this respect with guidance in regard to 
the application of special electrical practice and apparatus to  the particular 
conditions encountered in the petroleum industry with a view to the 
avoidance of fire or explosion.

Reference is made to  the  similarity th a t exists to  some extent between 
the petroleum and coal-mining industries, bu t it is pointed out th a t on the 
whole conditions in the oil industry are considered to be less hazardous than 
in coal mining.

Section I I . —Definitions.
The objects aimed a t in framing definitions of term s used in the Code 

were :—
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(a) To secure some measure of brevity  in the rules themselves 
w ithout introducing ambiguity.

(b) To identify, by  means of consistent term s, conceptions th a t are 
given different and often ambiguous or unacceptable names in several 
different codes.

(c) To define certain conditions, classes of risk, etc., which seemed to 
call for exact definition, and for which no very clear definitions appeared 
to  exist in other publications.

As originally drafted the definitions were fairly numerous, and some of 
them  were ra ther clumsy, but, w ith the assistance of a special Panel of the 
Nomenclature Committee, they  have been greatly reduced in num ber and 
improved in clarity of expression. Terms which m ay be taken  as commonly 
understood have been excluded, and only those about which ambiguity 
m ight lead to  a m isinterpretation of the  in ten t and application of the  Code 
have been retained.

Particular interest naturally  attaches to  the definitions of dangerous 
atmosphere, dangerous location, and dangerous area.

I t  was a t first hoped th a t all conditions encountered m ight be classed 
as either safe or dangerous, the  la tte r class being embraced w ithin the  above 
definitions, bu t it was la ter decided th a t in  regard to  oilfields i t  seemed 
essential to  introduce an interm ediate class described as remotely 
dangerous.

I t  m ay be m entioned th a t the necessity for something of th is kind has 
been recognized by other authorities.

The argum ents on this question will be indicated in the rem arks made 
about the  corresponding explanatory schedules.

For the  present it is sufficient to  sta te  th a t th e  somewhat arbitrary 
distance of 50 feet from a dangerous location or a possible point of emission 
of a dangerous atmosphere, which is taken  as defining a dangerous area or 
space, accords w ith the  definition laid down in the  rules of the  Petroleum 
Installations Committee of the  M inistry of Fuel and Power referred to 
previously.

In  regard to  electrical definitions, those given in the Glossary of Terms 
num bered B.S.S. 205 have been adopted so far as they  apply. Definitions 
are given of additional electrical term s used in the Code, e.g., “ non-spark­
ing ” apparatus suitable for use, w ith adequate precautions, in remotely 
dangerous areas in oilfields.

The definition of flameproof demands some notice. I t  is th a t given in 
the current issue of B.S.S. 229-1940, bu t th is Specification is a t present 
under revision. W hen revised i t  will be found to  be greatly  expanded and 
clarified. So far as can be seen a t  present, th e  new B.S.S. 229 will not 
conflict in any way with our Code, but, on the contrary, will confirm its 
principles and assist in its application.

A point of difference between practice as preferred and prevalent among 
British concerns and th a t laid down in the American codes concerns the 
use of arm oured cables. These are no t accepted in dangerous areas in 
America, bu t preferred in Great B ritain. The point was referred by the 
Committee to  American authorities, bu t the reasons given in reply were 
not, in our opinion, entirely satisfactory, or sufficient to  change our view.
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I t  emerged, however, th a t the term  “ armoured cable ” has a different 
significance in America from th a t in Great Britain, so it was considered 
desirable to  include a definition of our classes of such cable, since we would 
permit these, bu t not perm it those of the American description.

In  view of the special problems surrounding the use of flexible cables, a 
sub-section defining the  term s used in this connection is included.

A section is given dealing with lightning protection terms in which both 
American and British practice has been drawn upon, and an indication of 
the source of each definition is given.

The definitions in the section devoted to  oilfield term s are necessarily 
open to argum ent, bu t it is believed th a t their intent is clear, which is the 
main consideration.

Section I I I . —Schedules.
I t  is not possible in the compass of a brief account to  deal with the 

explanatory Schedules in detail. Each would w arrant a paper to  itself 
for its adequate treatm ent.

All th a t will now be attem pted  is to mention the main purpose and 
points of each :—

Schedule A .— This gives a broad classification of dangerous atmospheres 
as used in the Code and a correlation of these classes w ith Buxton Groups 
(as a t present classified) for British flameproof apparatus and with the 
American N ational Board of F ire Underwriters’ classification of corre­
sponding explosion-proof apparatus.

This is to  facilitate the purchase of appropriate apparatus from m anu­
facturers in either country.

I t  is pointed out th a t for the m ajority of dangerous conditions encountered 
in the petroleum industry, Buxton Group I I  or N .B.E.U. Class I  Group D 
equipment is suitable.

The selection of suitable equipment for special conditions falling outside 
of the above Groups will be simplified when the revised B.S.S. 229 is' issued.

I t  should be noted th a t the Code Class B— correlated with Buxton 
Group I I  and N .B.F.U . Class I  Group D—includes vapour from petroleum 
having a flashpoint of 130° F . or less.

The figure to  be taken for the  limiting flashpoint, and indeed the desir­
ability of giving one a t all, was the subject of a good deal of discussion, but 
it was finally included as representing safe practice and affording a ready 
guide to  the  m an on the spot in assessing where the dangerous area con­
ditions might apply.

Schedule B .—This is complementary to  Schedule A, and indicates the 
main factors affecting the degree of danger introduced into an atmosphere 
by the presence of an inflammable gas or vapour.

* I t  points out th a t the more readily-inflammable gases may not in practice 
necessarily create the most dangerous conditions. Hydrogen, for instance, 
although highly inflammable, will, because of its extreme lightness, rise 
rapidly with little diffusion in still air, so th a t if electrical apparatus be 
installed a t ground level and reasonably distant from any potential source 
of leakage of gas, and means are provided for the ready escape of gas a t 
high level, it  is unlikely th a t a dangerous atmosphere will accumulate near 
the electrical apparatus.
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The im portance of layout in regard to  ventilation to  ensure th a t danger­
ous gases are drawn away from, and not tow ards electrical apparatus is 
stressed.

Dangerous conditions are shown to  be m ost likely to  arise with a 
gas or vapour having high inflammability, wide range of inflammable 
concentration in  air, density equal to  or greater th a n  th a t  of air, low 
hum idity, and improperly directed ventilation.

A list of typical gases and vapours encountered in the  petroleum  industry 
classified to  correspond with Schedule A is given.

Schedule G.—This gives notes upon incidence of risk of fire arising from 
electrical causes. I t  points out th a t for a fire or explosion to  occur involving 
an electrical cause two factors m ust co-exist :

(а) There m ust be a dangerous a tm osphere ; and
(б) There m ust be an electric spark, arc or h o t spot.

I t  then  suggests th ree ways of avoiding a dangerous combination of 
these two factors. These are :—

(1) To suppress or eliminate entirely th e  dangerous atmosphere, in 
which case an electric spark can occur w ithout danger.

(2) Conversely, to  eliminate or suppress entirely any chance of an 
electric spark (or a flame resulting from it) reaching a surrounding 
dangerous atmosphere, in which case special a tten tion  to  the sup­
pression or elimination of such an atm osphere is unnecessary.

(3) To pay  atten tion  to  both factors— i.e., th e  suppression of the 
atm osphere and the elimination of the  spark or flame—to  an extent 
in each case and in such a  m anner th a t th e  combined probability of 
their occurring simultaneously is so rem ote as to  be negligible.

One or other of the  first two methods is custom ary and appropriate in 
the  m ajority  of cases in refineries and installations.

The th ird  m ethod is one th a t has been perm itted in  certain circumstances 
by the  Code in  oilfield practice only. Here it  can usually be arranged by 
the  adoption of custom ary suppressive measures a t a  well th a t  a dangerous 
atm osphere is norm ally unlikely to  arise a t  any tim e, although it may do 
so occasionally.

In  the same way, w ith non-sparking m otors and apparatus a spark is 
similarly unlikely to  arise a t any tim e, since all norm ally sparking parts 
are flame-proof enclosed, although it m ay do so in the abnorm al event of a 
fau lt developing.

W ith such conditions th e  combined probability  of th e  two factors of 
danger arising simultaneously is very remote, and th is combination of 
precautions is considered to  be adequate.

The rules introduce safeguards, including the  use of gas-testing 
apparatus, to  provide for conditions arising from failure of suppressive or 
safety measures of either kind.

Discussions have revealed some confusion of thought and a tendency to 
loose expression on th is subject, and in view of its prim ary importance, 
it seems desirable to  dwell a little  further on it a t this stage.

The definition of dangerous atm osphere is clear and simple. I t  is : 
“ An atm osphere containing any inflammable gases or vapour in a  con­
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centration capable of ignition by an electric spark or arc.” An atm o­
sphere a t any place m ust, under this definition, obviously be either safe or 
dangerous a t any given moment of time.

As a step towards defining a dangerous area we have introduced and 
defined the term  ‘ dangerous location ” to  fix a point from which the extent 
of a dangerous area shall be measured.

A t this stage a qualification is introduced. A dangerous location is 
defined as one where a leakage or emission of a product which can produce 
a dangerous atmosphere is normally likely to arise. I t  should be noted th a t 
this does not mean th a t a dangerous atmosphere is normally 'present or 
persisting. There is a  persisting risk of its arising but not a persisting 
atmosphere. The decision as to  where such conditions exist is of course a 
m atter for the judgm ent of the occupier.

In  the  view of the Committee, confirmed by the major oil companies 
consulted, where there is a known persisting—i.e., ever-present dangerous 
atmosphere—electrical apparatus of any kind should be kept out of it.

Where, however, there is merely a normal or persisting risk or likelihood 
of such an atmosphere arising a t any tim e—though it is not usually present 
—then  th a t point is a dangerous location surrounded by a dangerous area, 
and the appropriate electrical practice is flameproof or the equivalent.

Where there is a remote—i.e., infrequent or non-persisting—risk of a 
dangerous atmosphere arising, th a t constitutes a remotely dangerous 
location surrounded by a remotely dangerous area, and the stringency of 
the electrical precautions m ay be correspondingly relaxed.

A brief summary may help to  clarify these notions and fix them  in mind. 
Given in decreasing order of danger we have :—-

(1) Continuously dangerous surrounding conditions : i.e., Dangerous 
atmosphere always present.

Practice : No electricity to  be used.
(2) Dangerous surrounding conditions : i.e., Dangerous atmosphere, 

although usually absent, normally likely to  arise a t any time. This 
is the usual case in refineries and installations.

Practice : F .L .P . or the equivalent.
(3) Remotely dangerous surrounding conditions: i.e., Usually safe, 

bu t a dangerous atmosphere remotely likely to  arise in abnormal 
circumstances through failure of precautionary measures for its avoid­
ance. This is the case in parts of many oilfields.

P ra c tic e : Non-sparking electrical apparatus with certain
safeguards to  provide against failure of preventive measures.

(4) Safe surrounding conditions: i.e., Dangerous atmosphere never 
present or likely to  arise.

Practice : Industrial equipment.

I t  may be mentioned th a t since condition (I) above does not, in the view 
of the  Committee, perm it +he use of electricity it is not specifically 
mentioned in the Code Rules bu t is referred to  in the Recommendations.

The remainder of Schedule G deals specifically with conditions on oil­
fields. An a ttem pt is made to  classify oilfield areas into safe, remotely 
dangerous, and dangerous, so as to enable appropriate electrical practice 
to  be applied a t any place.
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In  framing the classification the contribution of danger by each of the 
following factors to  any particular case is considered :—

(1) Nature of crude.—I t  is assumed th a t all crudes are capable of 
giving rise to  a dangerous atm osphere if no t confined a t the  surface.

(2) Type of operation— i.e., drilling or producing. Drilling operations 
m ay be dangerous or rem otely dangerous, depending on m ethod and 
other factors, bu t never safe. Producing operations w ith an  open system 
are dangerous, bu t with a closed system only rem otely dangerous.

(3) Pressure in  and depth below surface of oil reservoir.—Pressure 
conditions are described as subnormal, normal, or abnorm al, depending 
on w hether th e  pressure a t the  oil horizon is less than , equal to  or 
greater th an  the equivalent hydrostatic  head.

For purposes of assessing risk a t the surface, the  first two classes— 
i.e., subnormal and normal— are grouped together and a margin of 
permissible excess pressure a t  the surface is provided by taking salt 
w ater for calculating hydrostatic head and then  adding 150 lbs./sq. in. 
before classing conditions as abnormal.

This reduces th e  classes to  two—viz., Norm al and Abnormal.
(4) Type of drilling operation.—D istinctions are drawn between 

wildcatting or exploring, outstepping, and exploitation or infiller, all 
of which are defined.

Combining the above factors and considerations gives th e  following 
classification of areas around oil wells :—

Dangerous areas—within 50 feet of :—
(а) A producing well w ith open system of production (or any 

point where the crude comes out into the  open).
(б) A wild-cat well throughout drilling operations.
(c) An infiller well being drilled in a known “ abnorm al ” area.

Remotely dangerous areas—within 25 feet of :—
(a) A  producing well with closed system  of production.
(b) An infiller well being drilled in a  known norm al area with 

an adequate closed system of drilling.
Other areas on oilfields are classed as safe or dangerous in accordance 

with the general definitions of these term s.

In  view of the difficulty of laying down drilling and producing methods 
considered adequate to  ensure th a t the  potentially  dangerous area around 
a well m ay be classed as rem otely dangerous, the  Code requires routine gas 
tests to  be carried out near the well in an area classed as rem otely dangerous, 
so th a t should a dangerous atm osphere arise, through the failure or tempor­
ary  derangem ent of suppressive measures, th is will not persist unobserved. 
On such an atmosphere being observed the  Code requires electricity to  be 
cut off from all bu t F .L .P . or equivalent equipm ent un til conditions have 
again been brought under control.

I t  m ay be m entioned th a t routine gas-testing accords w ith the  practice 
of one m ajor oil company which has extensively applied electric drilling 
.and oilfield electrification generally. Their experience indicates that, 
owing to  the  open nature of the  rigs employed, and using adequate sup­
pressive measures in a norm al area, a dangerous atmosphere, if i t  arises,
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rarely travels more th an  a few feet from the point of its emission before safe 
dispersion occurs. This experience supports the adoption of 25 feet as the 
radius of extent for a remotely dangerous area.

The electrical precautions described in Schedule G call for little com­
m ent ; they  merely indicate the relaxation of completely F .L .P . or equi­
valent type construction th a t is admissible in a remotely dangerous area, 
and th a t this perm its of a wider application with safety and economy of 
modern methods of electric drilling th an  would otherwise be possible.

Schedule C .—This deals with the question of static electricity other than 
lightning. Much of the information given in it has been drawn from 
Circular No. C 438, dated 1942, issued by the U.S. D epartm ent of Commerce, 
National Bureau of Standards, and from a paper read by J . M. Pearson 
of the Sun Oil Co., Philadelphia, to  the  American Petroleum Institution 
in Chicago in 1940.

The early p a rt of the schedule describes in a non-technical manner the 
commonly accepted basis of the phenomena associated with the  generation, 
accumulation, and discharge of static electricity. The unexpected dangers 
th a t m ay arise from induced and bound charges are described.

We need not here concern ourselves with the technical aspects of static, 
but m ay refer briefly to  some of the practical points arising from them.

As a particular source of danger, among others, it is shown th a t when a 
composite stream  of light petroleum liquid and an immiscible contaminant 
such as water flows through a pipe, especially a t high velocity, the particles 
are alternately pressed together and torn  apart, also similarly pressed 
against and torn  away from the pipe wall. The result is th a t a charge of 
one sign is accumulated on one liquid and a charge of opposite sign on the 
other. I f  the pipe is long enough, an equilibrium condition is reached a t which 
leakage and recombination of charges equals the rate of their production.

Experim ents carried out a t Delft, Holland, and elsewhere have deter­
mined the order of value of charges and potentials obtainable in this way. 
The maximum observed current flow carried by the stream  corresponds to 
about 1-7 X 10-9 amperes per gallon per m inute of flow.

I t  is found th a t a t velocities below about 3 ft./sec. no charge accumulates.
Such charges are not in general im portant in the pipeline, although this 

should be earthed for the safe discharge of bound charges on the pipeline 
when this is drained, or the contents changed, bu t they become im portant 
when discharged into tanks.

Here the  liquids separate. The heavier—usually water—takes one 
charge with it to  the bottom , where it can be drained away by earthing. 
The other expands like a gas through the body of the oil. Some of it reaches 
the tank  walls on the way up, the remainder rises to the surface. The only 
path  for this to  the  metal wall, whence it can flow round to  be neutralized, 
is across the  oil surface. I f  the surface resistance is high, the rate of leakage 
across it m ay be less th an  the input of fresh charges. In  such a case the 
potential will rise until a flash-over occurs. W ith lighter spirits the 
atmosphere in the vapour space will usually be too rich to  ignite, bu t with 
oils in the  kerosine range this is not usually so and a fire may result.

Safeguards for these conditions are set out in the Schedule and the Rules.' 
They include not only intelligent earthing, but such suggestions as the 
introduction of incoming streams low down in tanks.
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The problems presented by different types of tanks are discussed, and 
precautions appropriate to  each described.

The la ter p a rt of th e  schedule describes conditions arising during the 
filling and em ptying of road -and rail cars, and shows th e  benefit of careful 
a tten tion  to  earthing and other precautions before any oil is perm itted to 
flow into or out from such containers.

The process of the building up of static  charges on road cars by  the  passage 
of tyres over the ground is described. This trouble, as indeed all static 
troubles, is little  in evidence in norm ally hum id atmospheres, bu t m ay be a 
serious source of danger in very dry  climates of, say, 60 per cent, or less 
relative hum idity.

An oil company has given particulars of a fire th a t occurred on one of 
their refineries in the  Middle E ast. I t  was established th a t th is arose from 
a discharge of static  electricity accum ulated through the impingement of a 
stream  of oil on to  a splash plate. They carried out a series of experiments 
duplicating the conditions bu t a t various hum idities. A t relative humidi­
ties above 55-57 per cent, the sparking disappeared altogether, bu t a t lower 
hum idities th e  sparking was dangerous and caused ignition.

Schedule D.—Deals w ith protection against lightning. Owing to the 
great variation in conditions of all kinds affecting th is problem, few rules 
can be laid down to  be of general application.

I t  is pointed out th a t the ex ten t to  which it m ay be desirable or necessary 
to  protect buildings or structures will depend on an  assessment of the 
following factors :—

(1) The freqdency and severity of thunderstorm s likely to  occur in 
the locality concerned.

(2) The degree and ex ten t of danger to  life of operating personnel 
or occupants of any building or structure arising from its susceptibility 
to  being struck by hghtning.

(3) The im portance attached  by the  owners to  damage or destruction 
by hghtning of any particular building or structure.

(4) The possibility of a fire spreading to  neighbouring property and 
th e  im portance attached  to  this.

(5) Any local regulations which m ay require hghtning protection 
in any particular case.

(6) The nature  of the  soil and th e  pollution of th e  atmosphere.

Reference is made to  the  following pubhcations dealing very fully with 
the practice to  be apphed :—

(a) “ Code for Protection against L ightning.” N ational Bureau 
of S tandards Handbook H . 21 issued 2nd November, 1937, by U.S. 
D epartm ent of Commerce.

(b) “ Protection of Structures against L ightning.” British Standard 
Code of Practice C .P.I. 1943.

The various principles and practice to  be apphed to  structures where, 
after an assessment of the  requirem ents of th e  case, it is decided tha t 
•protection is desirable, are described in considerable detail. Particular 
atten tion  is given to  the  case of oil tanks, most of which of m odern design 
are found to  be self-protecting.
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Where protection is applied, stress is laid upon regular testing of the 
protective system. This is im portant, as earth  resistance will usually vary 
greatly throughout the  year in any locality not always waterlogged.

Schedule E .—This schedule is largely a precis of electrical protective 
systems and devices. I t  draws attention to  the differences in the require­
ments of such devices when applied to  system and plant protection.

I t  arose out of discussions on the desirability or otherwise of a growing 
tendency to  pu t forward earth  leakage protection as a general safety 
measure. The Committee were not entirely hi agreement with this 
tendency, and a main purpose of the schedule was to indicate the various 
forms of such protection and their limitations, and to  pu t them  into some 
perspective w ith other forms.

I t  is hoped th a t this question will be clarified by discussions a t present 
proceeding in committees of other Institu tes. Meantime, excepting in 
connection w ith certain applications of flexible cables, the Code does not 
make the use of earth  leakage protection obligatory.

I t  is felt th a t in its present form this schedule is no t entirely appropriate 
to the Code, and since it gives rise to  no m andatory Rules, it may eventually 
be om itted or considerably revised.

Some discussions on the question of earth  leakage protection by those 
present this evening would be helpful in arriving a t a  decision on this 
question.

Schedule F .—This deals with the use of flexible cables in dangerous 
areas. A t the  outset it is stressed th a t, wherever practicable, an electrical 
installation should comprise fixed apparatus and perm anent wiring of 
appropriate type.

I t  is recognized, however, th a t this is not always practicable, and appro­
priate types of cables, fittings, and methods of connection are described.

One prevalent source of danger has been flexible cables or so-called 
“ cords ” connected to  the mains and used with portable handlamps. 
Although this question has received, and is now receiving, prominent 
attention it  has not, in the view of the Committee, yet been satisfactorily 
solved, and they  have therefore meantime forbidden the use of such a 
method of lighting in dangerous areas, although it is perm itted in American 
practice.

The cases where earth-leakage protection and electrical interlocking are 
considered desirable are described and the in tent of the rules in these con­
nections is explained. To a large extent modern coal-mining practice has 
been followed, bu t it m ay be noted th a t the Code requirements in this 
particular case regarding provision against earth  leakage are somewhat 
more stringent th an  those laid down in the Mines Regulations (Amendments).

The importance of regular inspection and adequate maintenance of all 
flexible cables is stressed.

Section I V .—Rules.
These are divided into four main series :—■

Series 100 are of general application, and are subdivided into those 
th a t apply in any area and those th a t are specific to  a dangerous area.



Series 200 deal w ith precautions for the  avoidance of danger from 
static in  relation to  process plants, pipelines, tanks, ships, road or rail 
vehicles, and so on where a  dangerous atm osphere m ay be present 
or arise.

Series 300 deals w ith protection against lightning in relation to  oil 
tanks, buildings, and telephone lines where a dangerous atmosphere 
m ay arise.

Series 500 is devoted solely to  oilfields, and therefore is largely 
concerned w ith relaxation in electrical safety precautions permissible 
in rem otely dangerous areas, and in stating  the  safeguards under 
which th is relaxation m ay be applied. This series is still under con­
sideration by the  m ajor oil companies, and will no doubt a t least 
require final editing.

Short of quoting th e  Rules in  full, there is little  th a t can be said about 
them , as all are im portant.

I t  m ay, however, be said th a t they  do no t conflict w ith the  intent of 
those issued by th e  Petroleum  Installations Committee so far as these 
apply.

Section V.—Recommendations.
This is a very short section. I t  comprises a few suggestions, which arose 

out of discussion, for possible rules, bu t which it was decided should not be 
given m andatory status.

Perhaps the most im portant is th e  last, which recommends th a t electricity 
shall no t be used in a known persisting dangerous atmosphere.

C o n c l u s io n .

I t  will be appreciated th a t th is paper deals w ith the  Code in its present 
d raft stage, and th a t its order and content m ay be am ended during final 
editing.
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THE INSTITUTE OF PETROLEUM.
A m e e t in g  oi the In stitu te  of Petroleum was held a t Manson House, 

26 Portland Place, London, W .l, on W ednesday, 9th May, 1945. Thé 
President, Professor P . H . Garner, was in the Chair.

A paper on Code of Electric Practice for the Petroleum Industry  ” 
was read by Mr. Alan D. Maclean. [See pp. 379-392.]

D ISC U SSIO N .
T h e  P r e s i d e n t  com plim ented Mr. M aclean on th e  able m anner in which he h ad  

accomplished th e  form idable ta sk  of p resenting  th e  subject.
R eferring to  Schedule B of Section I I I ,  which d ealt w ith dangerous atm ospheres, 

the  P residen t com m ented on th e  fact th a t,  a fte r considerable discussion, th e  flash­
point chosen for vapour was 130° F . H e asked Mr. M aclean to  enlarge on th e  reasons 
why th a t  p a rticu la r tem p era tu re  was chosen, and  w hether i t  should depend on the 
particu lar atm ospheric tem p era tu re  involved. Thus, for trop ical clim ates, perhaps a 
different tem p era tu re  m ight have been chosen from  th a t  applying to  tem perate  
climates.

H e also asked for a brief description of th e  difference betw een th e  A m erican and 
B ritish cables referred to  b y  Mr. Maclean.

M r .  A l a n  D. M a c l e a n ,  a fte r  th an k in g  th e  P residen t on behalf of him self and  the  
m em bers of th e  Sub-Com m ittee for his v ery  k ind  in troducto ry  rem arks, replied th a t  
there h ad  been m uch discussion before 130° F . was fixed as th e  flashpoint for vapour. 
After th e  m a tte r  was discussed it  was referred back  to  th e  various companies, and 
one opinion was th a t  kerosine could never produce a dangerous condition in the  
vapour space. T h at, however, was n o t t ru e ;  if there  were a  fire, one of th e  m ost 
dangerous th ings was an  em pty  kerosine tan k . The Sub-Com m ittee had  decided a t  
one tim e th a t  i t  could n o t p u t forw ard any  figure th a t  was uniform ly acceptable. 
One large oil com pany to  whom  th e  m a tte r  was referred h ad  s ta ted  th a t  their practice 
was to  ad op t th e  figure of 130° F . ; and  th is  was adopted . I t  was n o t m andatory , 
b u t illustra ted , for exam ple, w hat p roducts of h igher flash, such as fuel oils, were 
unlikely to  give rise to  explosive conditions in th e  vapour space.

In  rep ly  to  th e  P resid en t’s question concerning cables, th e  ty p e  of cable th e  Sub- 
C om m ittee h ad  in  m ind  was a  3-core cable, paper-insu lated  and  lead-covered. The 
A m erican arm oured cable was usually  a V .I.R . m ulti-core cable, sheathed w ith  a 
flexible m etallic tu b in g ; or a t  any  ra te , i t  looked like th a t. A considerable num ber 
of tests, com prising pressure and  o ther tests , was specified for th e  flexible tubing. 
B ut w hereas th e  arm ouring on th e  B ritish  cable was a  bu ilt-up  arm ouring, the  
Am erican cable was draw n in to  its  arm ouring, and  in th e  view of th e  Sub-Com m ittee 
was n o t sa tisfactory  to  use for flam eproof purposes. On th e  o ther hand, th e  a rgu ­
m ents used against th e  B ritish  arm oured cable were considered b y  the  Sub-Com m ittee 
to  be qu ite  invalid.

The m a tte r  was referred to  th e  A m erican N ational Board of F ire  U nderw riters, 
who h ad  s ta te d  th e ir  adherence to  the  view th a t  rigid conduit was th e  only sa tis­
factory  th in g  to  use in  dangerous areas. They h ad  poin ted  out th a t  the  degree of 
safety  in  a  hazardous location was dependent on th e  ability  of th e  arm oured cable 
to  w ith stan d  m echanical in ju ry  and  to  p reven t flame or sufficient h ea t being tra n s ­
m itted  to  th e  surrounding atm osphere to  create h aza rd ; th ey  believed th a t  a rigid 
conduit was best able to  resist.

The Sub-Com m ittee disagreed w ith  th a t  view, however, and  afte r s tu d y  of the  
A m erican specification for arm oured cable, h ad  agreed th a t  i t  was unsuitable. The 
com parison, therefore, w as really  betw een the  B ritish  arm oured cable and  solid- 
d raw n tu b e  arm ouring. The ty p e  of arm ouring which consisted of flexible m etal 
tu b in g  h ad  n o t th e  properties th a t  we required in  our arm oured cables; th e  m ulti­
core cable was ju s t  pulled in to  a  flexible tube.
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Mr . R . R . T w e e d ,  recalling h is earlier associations w ith  th e  la te  Mr. C hristopher 
D ailey, who would have been delighted  b y  th e  resu lts  which h ad  been  achieved by 
th e  In s t i tu te ’s Sub-C om m ittee, said th a t  w hen T rin idad  w as ab o u t to  ad o p t their 
own code of electrical p ractice , Mr. D ailey  h ad  urged th em  to  aw ait th e  code which 
w as being p rep ared  b y  th e  In s t i tu te  for th e  whole in d u stry , as he  knew  th a t  i t  would 
be a  w ork of some value. E v en ts  h ad  proved  th a t  Mr. D ailey w as perfectly  justified, 
an d  one could only hope th a t  th e  code w ould be com pleted  an d  p rin te d  an d  placed 
in  th e  hands of th e  Colonial Office as soon as possible. Mr. Tw eed congratu la ted  
Mr. M aclean and  h is colleagues on  th e  Sub-C om m ittee for th e  g rea t w ork  th ey  had 
done.

M r .  M a c l e a n  expressed h is apprec ia tion  of Mr. T w eed’s rem arks, and  said it was 
a  m a tte r  for g rea t reg re t th a t  Mr. D ailey  h a d  n o t lived  to  see th e  w ork through.

Mr . H .  F o s s e t t  asked if Mr. M aclean could ex p an d  his rem arks on th e  definition 
of a  dangerous a rea  or locality , for definition seem ed to  be a  tr ic k y  problem . For 
exam ple, reference h a d  been m ade to  th e  specific d istance of 50 ft. a round  a  well or 
o th er p la n t as delineating  a  dangerous a rea  in certa in  conditions. H e wondered 
w hether th e  Sub-C om m ittee could consider th e  extension  of th e  definition of a 
dangerous area. H e h a d  in  m ind, for exam ple, th e  storage of liquefied gas, and 
envisaged a  m ishap ' in  a  p ressure storage ta n k  which could induce a dangerous area 
of v ery  m uch g reater ex te n t u nder th e  influence of ex te rn al factors, such as weather 
conditions (hum idity , an d  so on). H e could visualize dangerous conditions existing 
over an  area  ex tending  hundreds of feet from  th e  p o in t a t  w hich th e  gas was released.

M r. M a c l e a n  replied th a t  th e  problem  of re la ting  th e  size of a  dangerous area to 
th e  p a rticu la r  conditions giving rise to  th e  danger, ra th e r  th a n  defining a  dangerous 
a rea  as being th e  a rea  w ith in  a  circle of given d iam eter, was th e  crux of the  whole 
problem , an d  h ad  given rise to  m ore discussion am ong th e  m em bers of th e  Sub­
co m m ittee  th a n  h ad  an y  o th er m a tte r . They h ad  tr ie d  to  give a definition of a 
dangerous a rea  which would be of un iversal app lication . A rticles h ad  been pub­
lished in  th e  technical press recently , some from  A m erica and  o th er countries, sug­
gesting  th a t  such factors as length , b read th , an d  heigh t of buildings, as well as pre­
vailing w ind, should be considered in  a rriv ing  a t  a  decision as to  th e  definition of a 
dangerous area. B u t th e  Sub-C om m ittee considered th a t  to  ask  an y  occupier to go 
in to  all those  factors before deciding to  tak e  p recau tions in  an y  a rea  w as to  ask too 
m u ch ; i t  would be m uch  too  academ ic. T he Sub-C om m ittee h a d  been governed 
to  som e ex te n t b y  th e  Petro leum  In s ta lla tio n  C om m ittee’s ru ling , a fte r  th a t  com­
m ittee  h a d  considered th e  m a tte r  carefully . Some of th e  Oil com panies had, as a 
rough guide, defined a  dangerous a rea  as w ith in  100 ft. from  th e  p o in t of probable 
em ission of a  dangerous a tm o sp h e re ; o th er com panies h a d  ado p ted  o th er distances. 
T he Sub-C om m ittee h ad  considered th a t  50 ft. w as th e  m inim um  distance it could 
safely reco m m en d ; a t  th e  sam e tim e, for all th e  app lications which th e  Sub-Committee 
could th in k  of, it was a  safe m axim um . I f  th ere  were wind, th ere  would be rapid 
d ispersion ; and  i t  was only a  w ind which w ould d is to rt th e  shape of th e  dangerous 
a rea  from  th e  circular. Inasm uch  as te s ts  h ad  ind ica ted  th a t  u sually  an  inflammable 
m ix tu re  dispersed w ith in  a  d istance of 5 ft., an d  p ractica lly  never persisted  beyond 
th a t  distance, i t  was reasonable to  say th a t  50 ft. w as well beyond th e  d istance within 
w hich adeq u a te  dispersion would occur. T hey  did n o t tak e  accoun t of th e  nature 
of th e  source of th e  danger as a facto r ex tending  th e  a rea  of danger. H e gathered 
th a t  Mr. F o sse tt h ad  in  m ind  th e  storage of gases u nder pressure, an d  th e  possible 
b u rstin g  of th e  containers.

M r . F o s s e t t  s a i d  h e  w a s  t h i n k i n g  o f  s t o r a g e  a t  p r e s s u r e s  u p  t o ,  s a y ,  3 0  lb s .

M r .  M a c l e a n  suggested th a t  in such a  case th e  occupier w ould tak e  precautions, 
anyhow , in  designing th e  con tainer to  su it th e  pressure, an d  he do u b ted  very  much 
th a t  i t  w arran ted  qualifying th e  definition. T here appeared  to  be some confusion 
of ideas in  th is  m a tte r . W e were n o t concerned w ith  how fa r th e  inflam m able con­
te n ts  of such a  con tainer m igh t trav e l should i t  b u rst, no r w ith  th e  d istance th a t 
th e  effects of an  explosion in it, u n der such a  m ishap, m ig h t ex tend . W e were con­
cerned in  defining how  near a  spark  m igh t be b rough t to  i t  w ith o u t ign iting  norm al
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emission of inflam m able gas from  it— i.e., how  far such norm al emission m ight trav e l 
w ithou t being safely dispersed so as to  preclude its  ignition b y  a  spark. H e did 
no t th in k  it  logical to  tak e  an  em ergency condition of th a t  k in d  and  t ry  to  arrive, 
™  j k asis, a t  a  definition which would be of universal application. I t  would be 
difficult if th e  whole area  of operations had  for such a  reason to  be regarded as a 
dangerous a re a ; one could n o t then , for instance, have an  o rd inary  office on it. H e 
felt, therefore, th a t  Mr. F o sse tt was viewing th e  m a tte r  from  a  wrong standpo in t 
and in troducing irre levan t factors as w arran ting  a  qualification of th e  definition. 
At th e  sam e tim e, he would be pleased to  discuss th e  m a tte r  if Mr. F o sse tt w ished to  
quote a  special case, such as th a t  of a b u tan e  tan k , for instance.

M b . F o s s e t t  s a i d  h e  w a s  n o t  t h i n k i n g  o f  s p e c i f ic  i n s t a n c e s ,  b u t  w a s  c o n c e r n e d  
w i th  t h e  p o s s i b l e  e f f e c t  o f  e x t e r n a l  f a c t o r s  o n  t h e  d e f i n i t i o n .

Mb . Maclean  replied th a t  no provision was m ade in  th e  definition for such em er­
gency cond itions; i t  m erely s ta te d  th a t  a  dangerous area  was th a t  w ith in  50 ft. of 
any dangerous loca tion ; an d  a  dangerous location  w as a  place where a  dangerous 
atm osphere m ig h t norm ally  arise, as listed  in  th e  classification. H e d id  n o t 
th ink  th ey  could go fu rther. B u t th e  m em bers were alw ays p repared  to  consider 
suggestions.

Mb . A. L. F obd asked w hether lab o ra to ry  ap para tus, which w as an  in tegral p a r t  
of the  petroleum  industry , was covered b y  th e  Code of E lectrical P rac tice . H e h ad  
in m ind particu larly  th e  h o t p la tes an d  ovens used for th e  evapora tion  of solvents 
such as benzene, and  drying of ace tone-trea ted  glass ap p ara tu s , for th ey  were often  
not flameproof, no r were th ey  in tended  to  be.

Mb . Macl e an replied th a t  i t  was n o t th e  in ten tio n  to  cover lab o ra to ry  ap p ara tu s 
or any th ing  of th a t  kind, because labora to ry  processes were n o t covered by th e  
Factory  A cts or b y  any  special regulations. The people w orking in  laboratories 
were a  class a p a rt and  th e  engineers ra th e r  liked  to  keep o u t !

M b . F o b d  said th a t  he w ould like to  see th e  Code applied  to  th e  laboratories, 
particularly  bearing in  m ind  th a t  now adays a  large num ber of th e  people work ing in 
the laboratories h a d  been very  quickly and  very  “  shoddily ” tra in ed ; th ey  h a d  to  
work quickly, th ey  did n o t know  any th ing  ab o u t electricity  and  th ey  received no 
help from  above.

M b . M a c l e a n  did n o t t h ink  there  would be any  objection to  th e  application  of th e  
Code to  laboratories b y  anyone who w ished so to  app ly  it. B u t th ere  w as no  specific 
m ention of labora to ry  ap p ara tu s in  th e  Code.

M b . F o b d  recalled an  occasion on which there  h ad  been a  slight explosion, which 
was n o t serious, w hen gum -dishes h a d  been p u t  in to  an  oven. There seemed to  be 
a good chance of som ething happening w hen a  solvent w as being evapora ted  on a 
h o t p la te ; he personally  h ad  n o t experienced th a t ,  however.

M b . F . H . M a n n ,  who w as in v ited  to  com m ent on th e  question of applying th e  
Code to  lab o ra to ry  ap p ara tu s , said  i t  w ould appear th a t  th e  Code could be applied 
qu ite  read ily  to  industries generally  where explosives an d  inflam m able m ateria ls 
were handled .

Chemical laboratories were a  perfect bane, because whereas th ey  began b y  p ro ­
viding a  field for experim ent, th ey  ended by  becom ing m in or m edia for production, 
because often  th e  lab o ra to ry  was th e  m ost convenient place in  which to  m ake a  few 
specialized products. I t  should be seen th a t  th e  laboratories did n o t overstep th e ir 
functions an d  blow  u p  th e  whole works.

Throw ing ou t a  challenge w ith  regard  to  earth-leakage pro tection , he said th a t  
Mr. M aclean h ad  ra th e r been against i t ; and  one could understand  th a t ,  because 
discrim ination  w as alw ays difficult when one tr ied  to  app ly  sensitive p ro tec tion  of 
th a t  k ind. On th e  o ther hand , if one depended on fuse p rotection , for exam ple, it  
was necessary th a t  a  fairly  heavy  cu rren t should flow before th e  fuses would operate, 

F  F
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an d  th e  dam age from  consequent arcing, if i t  occurred in  flam eproof app ara tu s , 
m ig h t v itia te  its  whole function . If  one h a d  p ro tec tiv e  a p p a ra tu s  in  series on a  big 
in sta lla tion , c ircuits supplying im p o rtan t process w ork  m ig h t be sh u t dow n as a 
resu lt of a  fau lt on some m inor sub-circuit : hence th ere  w as p len ty  of scope for 
developm ent of sensitive p ro tec tiv e  gear in  th e  d irection  of increased  d iscrim inative 
p roperties, which a t  p resen t were dependent m ain ly  on  th e  use of expensive pilot 
cables or less reliable tim e lagging.

T he m ain  fac t to  be  borne in  m ind  w as th a t  sensitive p ro tec tio n  b y  e a rth  leakage 
is desirable in  a  dangerous in d u stry  to  avoid  d isrup tive  effects on  flam eproof apparatus 
w hich m ig h t lead  to  serious risk  of fire or explosion.

M r .  M a c l e a n  said th a t  earth -leakage p ro tec tion  h a d  been used  very  largely in 
coal-m ining practice . T here w as qu ite  a  considerable difference betw een th e  con­
d itions ob tain ing  underground , in  a  confined space w ith  a  d u s ty  atm osphere and 
n o t ve ry  m u ch  light, w ith  th e  difficulties of m ain tenance  and  inspection which existed 
norm ally  in  coal m ines, and  th e  m ore spacious, be tte r-lig h ted , an d  easier conditions 
w hich o b tained  m ostly , or could ob ta in , in  th e  pe tro leum  in d u stry . The Sub- 
C om m ittee h ad  felt, therefore, th a t  sim plic ity  should  be achieved as fa r as possible. 
H e  w as a  g rea t believer in  s im p lic ity ; he believed th a t  a  good m echanical job was 
usu a lly  th e  b est electrical job , an d  w as b est also from  th e  m ain tenance  and  inspection 
p o in ts of view . S im plicity  w as m ore easy to  a tta in  in  th e  pe tro leum  ind u stry  than  
in  some o th er industries, an d  th a t  fac to r h a d  influenced th e  Sub-C om m ittee to  some 
e x te n t and  h a d  helped  th em  to  keep an  open m ind  on th e  earth -leakage protection 
problem . Q uite a p a r t  from  th e  fac t th a t  some gadgets were expensive, th e  less 
gadgets th e re  were and  th e  less trick y  th e  m eth o d  of achieving a n  object, the  better. 
I f  one could provide a  sim ple arrangem en t and  ensure th a t  i t  w as sim ply and  adequately 
m ain ta ined , one w as to  th a t  ex te n t b e tte r  off.

Mr . J .  A. B . H o r s l e y  said  he w as in te res ted  to  know  th a t  th e  Sub-Committee 
proposed to  b an  th e  use of po rtab le  m ains-fed electric lam ps, bearing  in  m ind th a t 
th ey  were extensively  used to -d ay  in  m any  situ atio n s w here th ere  w as a  risk of fire 
or explosion. H e asked w hether th e  Sub-C om m ittee h a d  considered th e  use of 
low voltage ob tained  th ro u g h  a  step-dow n tran sfo rm er of lim ited  o u tp u t for this 
service, or w h a t a lte rn a tiv e  m eans of p rov id ing  th e  necessary lighting  they  contem­
plated .

M r .  M a c l e a n  replied  th a t  th e  Sub-C om m ittee h a d  excluded th e  use of trailing 
cables connected  to  th e  m ains, for carry ing  cu rren t a t  m ains vo ltage to  portable 
lam ps, because th ey  considered it  to  be dangerous. T he use of m ains voltage port­
able lam ps h ad  given rise to  trouble , an d  th e  Sub-C om m ittee d id  n o t like them. 
B u t th ey  h ad  n o t excluded o th er po rtab le  ap p ara tu s , such as th e  flam eproof hand- 
lam p, w hich w as n o t connected  to  th e  m ains a t  all, o r various o th e r ty p es th a t  had 
been produced. T here was, for instance, a  lam p o p erated  b y  com pressed air. How­
ever, perhaps Mr. M orris, who h ad  been concerned m ainly w ith  th a t  section of the 
Code, m igh t care to  deal w ith  th e  m atte r.

M r .  W . S. M o r r i s  said th a t  th e  industry  h ad  derived guidance from  Mr. Horsley 
w ith  regard  to  th e  m ains-voltage p o rtab le  lam ps, and  h a d  abandoned  th em  after he 
h ad  po in ted  o u t th e  difficulty of overcom ing th e  risks involved.

So far as th e  lam p itself w as concerned, th ere  was alw ays th e  danger of the  glass 
being broken due to  d ropping and  of th e  exposed filam ent r e m a i n i n g  a t  a  high tem ­
p e ra tu re  for a  sufficient tim e to  ignite  any  gas in  th e  a tm osphere. In  addition, 
th ere  was th e  possibility  of leakage to  th e  fram e, an d  th e  fram e s p a r k i n g  to  earth. 
To g uard  against th e  last-m entioned  risk  an  a ll-insu lated  lam p fitting  would be 
required . W ith  regard  to  th e  flex, even though  i t  was arm oured  i t  w as n o t sa tis­
facto ry , because in  th e  even t of breakdow n th e  p ro tec tio n  would n o t alw ays act 
quickly enough to  elim inate an y  chance of ex te rn al sparking. I t  would be very 
difficult to  in sta l a form  of earth -leakage p ro tec tio n  on a  p o rtab le  lam p c ircu it taking 
som ething like a  frac tio n  of one am pere.

As to  a lte rn a tiv e  m eans of lighting, th e re  were several k inds of po rtab le  handlam ps 
covered b y  th e  M inistry  of L ab o u r and  N ational Service certificates. Inc luded  in 
th e  a p p a ra tu s  so certified was a  com pressed a ir m ercu ry  v ap o u r lam p, which, how­
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ever, was n o t exactly  portab le, for i t  weighed som ething like 16 lb s .; b u t i t  was 
very  useful to  hang up inside a  vessel such as a  ta n k  while th e  la tte r  was being cleaned. 
D ue to  its  weight, th e  com pressed-air operated  lam p w as n o t suitable for use in 
colum ns unless i t  could be tak en  to  one p la tfo rm  and  left there.

F o r sm all work such as barre l inspection there  were available various k inds of 
lam ps operating  on voltages of 12 or less and, in  respect of these, M inistry of Labour 
and N ational Service certificates were issued.

M e .  E. T h o e n t o n ,  referring to  th e  cu ttin g  off of cu rren t in  certa in  circum stances 
when dangerous atm ospheres arose, said  th a t  a  good deal of inform ation ab ou t i t  w^s 
contained in  a  p ap er w ritten  b y  th e  Chief of th e  P aris Pow er Com pany. H e would 
like to  h ear m ore ab ou t it.

M e . M a c l e a n  replied th a t  th a t  m a tte r  w as d ealt w ith  a t  considerable length in 
the Code itself. The requ irem ents w ith  regard  to  cu ttin g  off th e  electric power 
applied to  th e  oilfields section. I n  a  rem otely  dangerous area  i t  was required th a t 
the fighting c ircuits should be com pletely flam eproof, and  entirely  separate  from 
th e  power circuits. T hen  a  su itab le  sw itch h ad  to  be provided for use in th e  event 
of a  dangerous atm osphere arising. I f  th a t  sw itch were w ith in  the  dangerous area 
i t  m ust be fully flam eproof, an d  if i t  were outside th e  dangerous area  i t  could be of 
th e  industria l ty p e . B u t. th e  sw itch m ust be provided so th a t  th e  power to  any  of 
th e  c ircuits which were n o t flam eproof could be cu t off. Thus, flameproof circuits 
were required to  be p rov ided  only to  th e  m inim um  ex ten t, sufficient to  ensure th a t  
the  necessary fighting, an d  so on, was av a ilab le ; th ey  could th en  rem ain on.

M e .  T. P . P e e i s t ,  com m enting on a  rem ark th a t  in  a  persisten tly  dangerous 
atm osphere no e lectricity  would be perm itted , asked if th a t  m eant no electricity  a t 
all, or no e lectricity  for pow er use. Being in terested  in  rem ote signalling apparatus, 
he was concerned because, if no electricity  a t  all were perm itted , there  would be no 
possibility of u sing  telephones, rem ote controls, etc. I t  m ight be th a t  the  dangerous 
a tm osphere was alw ays toxic, in  which case, he supposed, th e  problem  did n o t arise. 
B u t he  would like m ore inform ation on th e  m atte r , because intrinsically  safe low- 
voltage ap p ara tu s  m igh t be excluded unnecessarily.

I n  th e  section of th e  Code dealing w ith  p ro tec tion  against lightning in dangerous 
areas th ere  w as reference to  th e  p ro tec tion  of telephone lines; b u t no m ention  was 
m ade of th e  p ro tec tion  to  be given to  telephone lines which were ad jacen t to  power 
fines w hich m ig h t be  affected.

M e .  M a c l e a n  said  th ere  was no specific s ta tem en t in  th e  Code th a t  th e  use o f  
e lectricity  was n o t p e rm itted  anyw here; proh ib ition  was only inferred. B u t all th e  
m ajo r oil com panies h a d  s ta te d  th a t,  where dangerous atm ospheres persisted, they  
them selves w ould n o t in sta l it. The Sub-Com m ittee h ad  m erely draw n up th e  rules 
and  regulations concerning th e  use of electricity  in w hat th ey  h ad  described as 
dangerous a reas; an d  dangerous areas were those in  which dangerous atm ospheres 
were norm ally  likely to  arise. T hey  h ad  n o t gone so far as to  say th a t  electricity  
was n o t to  be used, b u t th ey  were p repared  to  give an  opinion if asked for it.

W ith  regard  to  danger from  lightning, th ey  h ad  s ta te d  th a t  there  should be no 
overhead fines a t  all inside a  dangerous a rea ; th e  term inal pole m u st be outside 
th e  area.

M e .  P e e i s t  said  he h ad  in  m ind  th a t  there  m ight be overhead telephone fines 
runn ing  paralle l w ith  overhead pow er fines outside th e  danger area, and  th e  telephone 
wires m igh t be carry ing  a  dangerous charge due to  a  defect on th e  power system  a t 
some d is tan t po in t.

M e .  M a c l e a n  p oin ted  o u t th a t  an  a rreste r was provided on th e  term inal pole, 
which la t te r  m u st be outside th e  dangerous a rea ; th e  telephone fines would carry  
on from  th ere  underground.

M e .  P e e i s t  suggested th a t  th a t  was ha rd ly  sufficient, and  he th ough t th a t  isolating 
transform ers, sparkgaps, and  possibly drainage coils m ay  be necessary for full safety.

M e .  M a c l e a n  said th a t  th e  Code dealt w ith  p ro tec tion  against th e  danger arising 
from  pow er lines; he would tu rn  i t  up, an d  would com m unicate w ith  Mr. P reist. 
H e added  th a t  th e  discussion of po in ts of th a t  so rt was extrem ely valuable.
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Mb - R a y n o b ,  recalling Mr. M aclean’s sta tem en t th a t  th e  oil com panies would 
them selves preclude th e  use of electricity  w here a  dangerous atm osphere  persisted , 
p u t  forw ard  th e  case in  which a  dangerous gas was likely to  arise and  i t  w as desired 
to  p rev en t a  dangerous concen tra tion  of it. Therm o-couples could be used  as a 
m easuring  device, he  said, so th a t  one could de tec t w hen th e  dangerous gas began 
to  arise.

M b . M a c l e a n  said  th e  Sub-C om m ittee h a d  n o t d ealt w ith  th a t  m a tte r  specifically, 
so th a t  he  could  n o t give th e  Code answer.
r

M b . A. W . G i l l e t t  said  th e  problem  w ith  regard  to  in stru m en ts  w as extrem ely 
com plex. The lay -ou t of a  room  w ith  in stru m en t panels and  w ith  sm all pipelines 
con tain ing  dangerous gases gave rise to  a  whole series of problem s. H e would like 
to  see some so rt of recom m endation  or som e ind ication  of w h a t w as required  in 
respect of p la n t lay -ou t in  o rder to  m eet th a t  situation .

A m a tte r  w hich Mr. M aclean h a d  n o t discussed w as th e  qu ite  com m on practice  of 
d riv ing  m achinery  th ro u g h  dividing walls. H e  asked w hether th e  back  sides of 
those  w alls were tre a te d  as rem otely  dangerous areas.

M e .  M a c l e a n  said  th a t  a  qu ite  considerable section of th e  Code was devoted to
b o th  of th e  problem s Mr. G ille tt h ad  raised.

Mb . G i l l e t t ,  i n  r e f e r e n c e  t o  f l a m e p r o o f  a p p a r a t u s ,  s a i d  i t  w a s  n o t  a l w a y s  r e c o g ­
n i z e d  h o w  m u c h  w o r k  w a s  r e q u i r e d  i n  o r d e r  t o  g u a r a n t e e  t h a t  f l a m e p r o o f  a p p a r a t u s  
w a s  m a i n t a i n e d  t o  1 0 0  p e r  c e n t ,  e f f i c i e n c y ;  i f  i t  w e r e  n o t  s o  m a i n t a i n e d ,  t h e n  o n e  
w a s  l i v i n g  i n  a  f o o l ’s  p a r a d i s e .

C om m enting on th e  difficulty of tes tin g  a  condu it system  w hich h a d  been installed 
for, say, te n  years, he said  th a t  w hereas a fau lt in  a  V .I.R . a rm oured  cable could be 
located  a t  th e  p a rticu la r  p o in t w here th e  sparking occurred, in  a  condu it system  there 
m igh t be  corrosion in  one p a r t  an d  a  fau lt 100 y a rd s aw ay, a n d  inasm uch as the 
gas h ad  go t in to  th e  system , th e  whole ru n  w as vulnerable.

F o r sm all lighting  installations was th ere  insistence on th e  use of lead-covered 
cables th ro u g h o u t, or were th e  o rd in ary  a rm oured  cables ad eq u a te  ? F u rther, he 
asked w hether th e  Sub-C om m ittee h a d  considered th e  developm ent of a  lighting 
fitting  for th e  rem otely  dangerous areas. F lam eproof ap p a ra tu s  places a  lim itation 
on th e  ligh t in tensities p rac ticab ly  achievable. The position  m ig h t be m et by  using 
a  flam eproof s tan d b y  lighting  system  in con junction  w ith  a  norm al system , which 
could be  cu t off, w ith  th e  power, u nder em ergency conditions.

M b . M a c l e a n  replied th a t  th e  p o in ts raised  b y  Mr. G ille tt h a d  been dealt w ith in
th e  Code, which w ould be  available shortly .

A num ber of w iring m ethods were p u t  forw ard in  th e  Code, an d  th e  reasons for 
adopting  th em  were given. O thers were being considered also b y  a  Com m ittee of 
the  In s titu tio n  of E lectrica l E n g in eers ; he w as v ery  hopeful th a t  th a t  Com m ittee and 
th e  Sub-C om m ittee of th e  In s ti tu te  of Petro leum  were th in k in g  along th e  sam e lines 
an d  th a t  th ey  would arrive a t  th e  sam e answers.

E xpressing  agreem ent w ith  Mr. G ille tt’s rem arks concerning conduit, he added 
th a t  we in  B rita in  p referred  to  lim it th e  size of conduit u s e d ; beyond  th a t  lim it 
of size i t  was p referred  to  use a rm oured  cable.

H e believed th e  use of th e  o rd inary  arm oured  cables was allowed for lighting 
c ircu its ; b u t he asked if Mr. M orris would confirm  th a t .

M b . M o b b i s  said  th a t  arm oured  cable w ith  lead  covering w as specified; plain 
a rm our w ith o u t lead  covering was n o t allowed.

Mb . M a c l e a n ,  afte r com m enting th a t  th e  use of lead-covered cable d raw n into 
conduit was n o t allowed, asked Mr. M orris w hy th e  Sub-C om m ittee h ad  n o t approved 
p la in  a rm ouring  for th e  sm aller sizes of cable.

M b . M o b b i s  r e p l i e d  t h a t  i n  t h e  a b s e n c e  o f  a  l e a d  s h e a t h  t h e r e  w a s  a  r i s k  o f  v a p o u r s  
p e n e t r a t i n g  t h e  a r m o u r i n g  a n d  a t t a c k i n g  t h e  i n s i d e s  o f  t h e  c a b le s .
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Mb . F . G. R a p p o p o r t  was in te rested  to  know when th e  Code would be available 
for use, because his com pany w as engaged on an  im p o rtan t p ro ject in  connection 
w ith  which th e  Code would be extrem ely  valuable.

Associating himself w ith  Mr. Tw eed’s rem arks concerning the  late  Mr. Christopher 
Dailey, w ith  whom  he had  been very  closely associated in the  field, he said th a t  
Mr. D ailey had  given m uch valuable advice on electrical m atters . H is advice on 
lightn ing conductors especially, and  th e  installation  of conductors in accordance 
w ith  th a t  advice, had  enabled one to  sleep m ore soundly in th e  knowledge th a t  every 
precaution  h ad  been taken .

T h e  P r e s i d e n t  said th e  tim e w hen th e  Code would be available depended on the  
Engineering Com m ittee. I t  was obviously desirable to  issue th e  Code as com plete as 
possible b u t i t  m igh t be found p referab le  to  issue i t  in its  present form  so th a t  i t  
would be available  for com m ents from  a  wide circle of those in terested .

Mb . E . T h o r n t o n  asked w hether th e  Sub-Com m ittee h ad  given consideration to 
w hat sort of electricity  was sa fe ; and  he com m ented th a t  highly apprehensive people 
would tu rn  down all sorts of th ings m erely because they  involved th e  use of electricity.

M b . M a c l e a n  said th a t  in  draw ing up th e  Code th e  Sub-Com m ittee h ad  endeavoured 
to  cash in on th e  w ork of others as fa r as possible. In  o ther words, th ey  h ad  said 
th a t  th e  app ara tu s in a  dangerous area  m ust be flameproof, intrinsically  safe, or 
approved for use in a  dangerous area, having regard  to  th e  various possibilities th a t 
could arise there.

However, no d o ub t Mr. H orsley could p u t one’s m ind a t rest as to  w hat was and 
w hat was n o t in trinsically  safe. P resum ably  a t  very  low voltages th e  conditions 
were in trinsically  safe. B u t he asked Mr. H orsley w hether a  dangerous spark could 
arise, for instance, from  a  2-volt circuit.

Mb . J .  A. B. H o r s l e y  agreed w ith  th e  proposal to  exclude electricity, for general 
purposes and  in th e  ordinary  forms, absolutely from  places where there  was a p er­
sisting risk of exp losion ; b u t he suggested th a t  for certain  purposes and  in  innocuous 
forms th e  use of electricity  could be allowed, b y  providing th a t  th e  exclusion should 
n o t apply  to  electrical ap p ara tu s and  circuits which were so constructed  th a t  any 
p a r t  could be exposed to  th e  atm osphere w ithou t the  risk of igniting inflammable 
gas. T h a t would adm it, for exam ple, th e  use of therm o-couples for recording tem ­
p eratu re  from  a  distance, and  various sim ilar instrum ents. In  short, intrinsically 
safe ap p ara tu s and  c ircuits could be adm itted .

A 2-volt b a tte ry  in itself m ight seem to  be perfectly  harmless, b u t it was n o t the  
voltage alone which decided w hether or n o t a spark  would ignite inflam mable gas. 
If  th e  b a tte ry  were used to  operate a  bell, th e  inductance of th e  circuit m ight be 
sufficient to  produce an  incendive spark.

H e did n o t agree w ith  draw ing a  sharp  distinction betw een areas where there  was 
risk  of dangerous conditions arising frequently  and  those where i t  was infrequent 
b y  adm itting , in th e  la tte r, th e  use of app ara tu s th a t  was n o t flameproof.

C om m enting on th e  g reat in te rest th a t  h ad  been taken  during recent years in 
flam eproof enclosure, he said th e  principle of construction  was by  no m eans new. I t  
had  been know n and  p ractised  for m any  years in m ining applications.

C om m enting on th e  p o in t th a t  A m erican practice excluded the  use of w hat we 
knew as arm oured cables, he said  th a t  his own prejudice— and he could n o t p u t it 
h igher because he h ad  no real body of experim ental evidence to  back it— was in 
favour of a  w ire-arm oured cable. I t  was quite  possible to  b u rn  a  hole th rough  steel 
conduit as th e  resu lt of an  arc cable fau lt inside.

W ith  regard  to  earth-leakage protection , its  use in  coal m ines in B rita in  h ad  been 
generally adop ted  a lthough its  in troduction  w as a t  first opposed for ju s t those reasons 
m entioned by Mr. M aclean. They did n o t aim  a t  g reat sensitivity b u t were content 
w ith operation  a t  10 or 15 pe r cent, of th e  ra ted  full load curren t of th e  circuit, w ith 
a  m inim um  of 5 am ps. H is prim ary  object in advocating leakage protection  
had  been to  reduce th e  fire risk. H e did n o t claim  th a t  i t  would p reven t fa ta l shock, 
or th e  possibility  of igniting g a s ; b u t  i t  d id  reduce th e  risk as com pared w ith over­
load pro tection . T h a t was especially tru e  in  c ircuits requiring considerable power.

W here th e  m ains-fed, portab le  handlam p was th e  only effective way of providing
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for necessary local lighting, he  fe lt th a t  one w ould get v ery  m uch  n eare r to  safety  
b y  lim itin g  th e  possible cu rren t in p u t in to  a  fau lt.

I n  conclusion, Mr. H orsley co n g ratu la ted  th e  In s t i tu te  of P e tro leu m  on having 
tak e n  in  h an d  itself th e  ta sk  of p reparing  a  Code of E lectrica l P rac tice , th ro u g h  a 
fully  rep resen ta tiv e  C om m ittee of p rac tica l engineers.

On th e  m otion  o f  th e  P r e s i d e n t ,  th e  h earty  th an k s  o f  th e  m eeting  were extended 
to  Mr. M aclean f o r  his paper.

M b . G. S. A m b r o s e  subsequen tly  w rote :
“ I  gained  th e  im pression a t  th e  m eeting  from  som e o f-th e  queries which were 

raised  th a t  th e  questioners were in  a  som ew hat am biguous position , n o t having 
h a d  th e  o p p o rtu n ity  of reading th e  Code, and  for th e  sam e reason some of those 
p resen t m ay  be u n d er som e m isapprehension from  th e  p o in ts ra ised  an d  th e  replies 
given. Mr. M aclean has, therefore, suggested th a t  I  w rite  you  d irect so th a t  con­
sideration  m ay  be given to  th e  p o in ts below in  any  rep o rt of th e  m eeting  in  th e  Journal 
of th e  In s titu te .

“ (a) To dispel an y  im pression th a t  th e  rules in  th e  Code as d rafted  may 
re s tr ic t developm ent or im pose add itional restric tions, i t  m ay  be po in ted  out 
th a t  th e  rules do n o t in terfere  in  an y  w ay  w ith  th e  existing  an d  established 
electrical p ractice  of th e  m ajo r oil companies.

“ (6) T h a t w hen recom m ending banning  th e  use of e lectricity  in  any area 
where a  dangerous atm osphere  is alw ays presen t, th e  E lectrica l C om m ittee first 
of all agreed qu ite  definitely  th a t  now here in  th e  pe tro leum  in d u stry  (where 
lighting  or pow er is norm ally  required) does such a  cond ition  in  fac t exist.

“ I n  th e  discussion b o th  Mr. M ann and  Mr. H orsley  referred  to  earth-leakage pro­
tec tio n  an d  i t  w as n o t m ade clear th a t  we fully apprec ia te  th e  va lue  of th is type 
of p ro tec tion  b u t  find difficulty in  its  p rac tica l app lication , due :—■

“ (1) to  th e  lim ita tion  of th e  equ ipm ent offered b y  m anufactu rers, th e  bulky 
n a tu re  of th e  devices and  to  th e  excessive cost of earth -leakage tr ip s  on flame­
proof app ara tu s ,

“ (2) m ore pa rticu la rly  in  locating  such devices in  th e  d istrib u tio n  system .
“ F o r instance, if there  is a  bu ilt-up  s ta r te r  sw itchboard  in  a  pum phouse con­

tro lling  ind iv idual m oto rs vary ing  from  85 h .p . dow n to  7 \  h .p ., earth-leakage trips 
on  each s ta r te r  involve an  excessive cost an d  still leave th e  incom ing cable unpro­
tec ted , w hereas e a rth  leakage fu rth e r b ack  can n o t be said to  give th e  required  sensi­
t iv ity  and  pro tec tion  to  p rovide b o th  for all m otors operating  sim ultaneously, and 
for one sm all m o to r runn ing  b y  itself.

“ I  h ad  in tended  to  voice these  opinions a t  th e  m eeting , which, how ever, term inated 
som ew hat ab ru p tly  before I  h a d  th e  o p p o rtu n ity .”

M b . M a c l e a n ,  in  a  w ritten  reply, agreed w ith  th e  rem arks com m unicated  by M r. 
Am brose.

T he leng th  of tim e  occupied b y  th e  p ap er and  th e  discussion h a d  deterred  him 
from  responding to  th e  P re s id en t’s concluding rem arks, b u t  he  w ould like to  record 
h is apprec ia tion  of these  an d  to  th a n k  those  who h ad  co n trib u ted  to  th e  discussion 
for th e  m any  in teresting  and  valuab le  po in ts which th ey  h a d  raised . These would 
be of considerable help to  th e  In s titu te  in considering th e  final form  of th e  Code.



THE DETERMINATION OF THE PRESSURE-VISCO- 
SITY COEFFICIENT AND MOLECULAR WEIGHT 
OF LUBRICATING OILS BY MEANS OF THE 
TEMPERATURE-VISCOSITY EQUATIONS OF 
VOGEL AND EYRING.

By A. Ca m e r o n -, Ph.D .

S u m m a r y .

1. The v iscosity  tj, o f an  oil a t  any  tem pera tu re  t° C. can be determ ined
from  Vogel’s equation  rjt — k  exp. > where h, b, and  9t are constan ts
for any  oil. F rom  a  s tu d y  o f E rk  and  E ck ’s accurate  v iscosity -tem perature  
d a ta  i t  is shown th a t  0t can be p u t  equal to  95 for alm ost all oils w ithou t 
appreciable error.

2. The v iscosity  tjp a t  any  pressure and  a t  a given tem pera tu re  t can be 
expressed by  th e  exponential law.

Vp — Vo exP- where i?0 is th e  v iscosity  a t  atm ospheric pressure and
tem pera tu re  t, <j> is a  co n stan t for an y  given oil a t  tem pera tu re  t, an d  p  is 
th e  pressure. I t  is shown th a t  th e  p roduct, A , o f <f> and  (t +  9P) is approxi­
m ate ly  constan t, w hen 6P =  52.

3. I t  is found possible to  ob ta in  A  in  term s of the  tem peratu re  characteristics 
of th e  oil. (i) I f  9t =  95 an d  9P =  52, th en  1/A  — 9-00 — 4-20 X 10_36.
(ii) I f  N  equals th e  ra tio  viscosity a t  70° F./viscosity  a t  140° F ., th en  
A  =  0-12 +  10-2 IV.

4. Over a  sm all tem p era tu re  range it  is possible to  p u t 9P =  9t =  73.
T his gives a  combined expression for rjp, th e  v iscosity  a t  any  pressure and 
tem pera tu re. As before, A  can be found in term s of 6.

5. F o r f a t ty  oils 9P is found to  be 85. I t  appears th a t  A  is constan t and  
equals 1-4 i  18 per cent, for all f a tty  oils o ther th a n  castor oil, which equals 
1-7 ±  10 per cent.

6. M  th e  m olecular weight of an  oil can be calculated from th e  constan ts 
in  Vogel’s equation  by  m eans of th e  em pirical relations :—

M  =  0-546 (61'47 .¿ ° '473) e - 85 
or M  =  0-588 (61'517. i 0'517)e_ ,3

o f which th e  form er .is to  be preferred.

P r e s s u r e , T e m p e r a t u r e - V is c o s it y  E q u a t io n s .

A g r e a t  deal of work has been published on the dependence of the 
viscosity of oils on the tem perature. The two most generally known 
equations relating the two are the W alther 1 and the V ogel2 formulae.

The W alter formula is stated  as :

(v +  a) =  A  exp. ( y j

where v =  viscosity in centistokes,
T  =  absolute tem perature,
A  =  1,
a , b, and c are constants for any given oil.
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Vogel’s formula is :— , , b \
’  = 1 " p -  ( r + i )

where tj =  viscosity poises,
t =  degrees Centigrade,
7c, 6, and 0 are constants for any given oil.

E rk  and Eck 3 have examined the validity  of these formulae between 
20° and 80° C. for a  considerable range of oils.

Vogel’s formula is the m ost satisfactory, bu t is complicated to  use, as 
there are three constants to  be chosen for each oil. I t  had already been 
established 4 th a t a, the  constant in the  W alther form ula which varies 
between 0-7 and 0-95, could with a reasonable degree of accuracy be put 
equal to  0-8. This simplified the  formula considerably, as it allowed a 
viscosity-tem perature chart to  be constructed with log T  as abscissa and 
log log (v -f- 0 -8) as ordinate.

Analysing E rk  and E ck’s data, it was seen th a t 0 in Vogel’s formula 
varied round a mean of 95, w ith extremes of 109 and 78. I f  0 is pu t equal 
to  95 for all oils, it is possible to  construct a  viscosity-tem perature chart

w ith —̂  ^  as abscissa and log tj as ordinate. The accuracy of the

relation varies with the difference between the optim um  value of 0 and 95. 
To test this point some of E rk  and E ck ’s results were p lo tted  on a large 
scale, and the errors of intrapolation and extrapolation worked out accord­
ing to  E rk  and E ck ’s formula,

AV]% =  100 X ^ C- 7 T .v) measured
The results obtained are shown below.
Vogel I  is the formula using the optim um  value of 0, which is listed in

each case.
Vogel I I  uses 0 =  95. The W alther form ula is the A.S.T.M. formula 

with a =  0 -8.
E rk  and E ck 's Data.

E rk  an d  E ck Tem p., 
t° C.

V iscosity  
m eas. poise.

- A + % .

Oil N um ber.
Vogel I. Vogel I I . W alther.

1935/2 20-00 0-146
6 =  96-721.

Table I 40-02 0-0680 — 0-0 +0-9
59-99 0-0386 - 0 - 5 — _
80-01 0-0249 — +  0-16 -4 -7

1930/3 17-01 4-68
6 =  77-99.

Table V II 38-00 0-943 - 0 - 8 +  2-3 +  1-2
51-22 0-445 - 0 - 4 +  1-1 +0-5
58-15 0-318 — _
73-52 0-169 — - 3 - 9 - 1 - 4

1934/1 18-955 4-51
6 =  109-404.

T able V III 40-29 1-19 — — 1-8 0-0
59-90 0-471 +  0-1 .—
79-91 0-223 — + 2-8 + 0-7



These figures show th a t the Vogel I I  has the same order of accuracy as 
the simplified W alther formula, even in the case of oils 1930/3 and 1934/1, 
where the difference between the 0’s of Vogel I and Vogel I I  is maximum. 
Erk and Eck also examined the straight exponential relation rj =  k  exp.

an(i  showed th a t it  was not a t all suitable for oils.

This Vogel formula is much easier to use than  the W alther type, as, 
firstly, as will be shown below, it can be related to E yring’s theoretical 
work on viscosity. Secondly, in any theoretical work on the variation 
of viscosity it is possible to  define a viscosity-tem perature scale with a 
zero a t — 95° C., so th a t viscosity varies exponentially with T v the “ vis­
cosity-tem perature ” according to  the law

71 =  *  e x P -  ( £ ) •

Now Eyring and his co-workers have published several papers on the 
theoretical derivation of an equation relating viscosity with tem perature 
and pressure. They have shown 5 th a t the viscosity of simple liquids 
such as pentane and ether can be calculated from the equation

N h  /AF  -f  ®AF\
T \ - ~ y  e X P -  (  j y p  )

where tj =  viscosity poises,
N  =  Avogadro’s Number, 
h =  P lanck’s Constant,
V  =  volume of 1 gram-mole of liquid,

AF  =  Free energy of activation for flow,
A V — Free volume,

E  =  gas constant,
T  =  absolute tem perature, 
p — pressure kg./sq. cm.- 

AF  is found to  be approxim ately one-third or one-fourth of the latent 
heat of evaporation of the liquid and A F  =  one-sixth or one-seventh F.

I f  the pressure is small—th a t is, atmospheric—the equation becomes
N h ( A F \

7] — y  exp. •

For any given liquid this becomes

7) =  k exp. ( | ) ,

where it and a are constants.
I f  the tem perature is kept constant the viscosity a t any pressure can 

be expressed by the relation
[p k  F \

Vp i)o exp.  ̂ ^  j

where t]p =  viscosity a t pressure p  and tem perature T,
7]0 =  viscosity a t atmospheric pressure and tem perature T .

or
\  =  i)0 exp. (<f>p), 

where ^ is a constant for any given oil and tem perature.
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Now, Suge' 6 has shown th a t for a  considerable num ber of oils this 
exponential law holds. E yring’s theory predicts th a t <f> varies inversely 
with the  absolute tem perature. This in point of fact does no t occur, 
and Suge gives a further exponential law to  account for the  variation of cf> 
w ith tem perature.

Summing up, then, it appears th a t the  variation of the viscosity 
of oils w ith tem perature can be described by the empirical relation

7) =  Jc exp. ( ——— J, while theory predicts the  straight exponential law\t -j- oO'

■t) =  1c exp. . The actual variation of viscosity with pressure appears to

fit the  theoretical law r\p — vj0 exp. (<f>p).
In  the following sections the possibility of combining these two equations 

to  a general form  will be examined.
This general equation is :—

V = * «P- ( ^ T )

where i)pt =  viscosity a t pressure p  kg ./cm .2 and tem perature t° C.,
Jc, b, and 0 are constants as before,
A  — </> (t -f- 0)-

I t  is first necessary to  see how </> varies w ith th e  tem perature, and if, 
w ithin the probable experim ental error, it can be fitted into the relation 
A  =  cf> (t -f- 0). Should 0 no t equal 95, the correct value m ust be ascer­
tained. As in point of fact 0 is not universally equal to  95/ we will use 
the subscripts t and p  in describing 0 in the  tem perature-viscosity or 
pressilre-viscosity equations respectively.

Before this is undertaken a  review of experim ental work published on 
the effect of pressure on viscosity is given. I t  will be done in some detail, 
because, as far as is known, no comprehensive list of references exists on 
th is subject. An a ttem pt will be made to  classify the types of curves 
found into three or four classes for convenience of fu ture discussion.

P u b l is h e d  W o r k .

A study  of the literature shows th a t a  considerable am ount of work has 
been published on th e  pressure-viscosity characteristics of oils, bu t the 
tem perature-viscosity characteristics of the  oils investigated are very 
rarely given. This naturally  considerably decreases the  am ount of work 
th a t can be used. I t  is useless to  obtain </> if b and Jc are unknown.

The m ajority  of the data  used here is obtained from two papers by 
Suge.7’ 8 They are w ritten  in Japanese, bu t after reading the paper 
w ritten in English 6 it  is possible to  follow the  Japanese papers with only 
th e  minimum of translation. The chief difficulty is the names of the oils, 
some of which are in Japanese. The translation  of them  will therefore 
be given.

In  the 1932 paper tw enty  oils are examined a t  18° C. The first twelve 
are given in English (pp. 880-881), the  rem ainder are as follows : Oil 
No. 13 is Liquid Paraffin; 14, H eavy Oil No. 2 ; 15, R ape; 16, Castor;
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17, H em p; 18, Camellia; 19, Whale, and 20 is Horse Oil. The detailed 
results follow in the  same order as the  list on pp. 880, 881. No data  are 
supplied for the  tem perature-viscosity relationship of the oils, and efforts 
to  trace them  have not been satisfactory. All the oils examined follow 
the exponential pressure-viscosity law.

In  the next paper— 1933—the viscosities were measured a t different 
pressures and tem peratures. Some oils are listed in English or German, 
and the rest in Japanese. In  the table on p. 651 we have, reading down­
wards, Mobiloil B, Autoil 2, Castor Oil, Rape Oil, W hale Oil, Voltol, 
Flugol, Ossag V 14, H eavy Fuel Oil and Special Heavy Oil. Further 
results are given on pp. 659 ff .; these oils are : H eavy Oil No. 1, H eavy 
Oil No. 2, Special H eavy Oil, H eavy Fuel Oil, Miri and Tarakan Diesel 
Oil. The Special H eavy and H eavy Fuel Oils are the same as those given 
on p. 651. The only oils th a t did not follow the exponential pressure 
viscosity law were the two diesel oils. The graphs of these two had a 
slight positive curvature (this is taken here as meaning the centre of 
curvature is on the positive side of the curve).

The earliest accurate measurements on the pressure-viscosity effect were 
by H yde.9 The experiments were all carried out a t 40° C., and a number 
of other physical properties—the dielectric constant, specific heat, surface 
tension, setting point, flash point—were also measured a t 40° C. The 
viscosity and density were determined over a  range of tem peratures. Of 
the mineral oils, three gave the straight-line exponential law for the 
pressure effect, and two—Mobiloils A and BB—gave graphs with positive 
curvature. The results of experiments on fa tty  oils will be considered 
later.

F u rther very accurate work has been carried out by R. B. Dow,10 who 
gives only graphical and not numerical results, bu t from Fig. 2 of his 
paper the values of the viscosities of a Pennsylvanian extracted oil a t four 
different tem peratures can be obtained. These results, if transposed to 
semi-logarithmic paper, all give straight lines. The atmospheric pressure 
viscosities can be read from the curves.

K leinschm idt,11 working under the auspices of the Lubrication Com­
m ittee of the American Society of Mechanical Engineers, has published a 
num ber of results, bu t gives the viscosity-tem perature characteristics of 
his oils only in the  cases of Veedol Medium and Mobiloil A. The same 
applies to  the work of Hersey and Shore,12 bu t this la tte r work is valuable 
in th a t it dem onstrates very well the effect of repeated cycles of pressure 
on an oil. This is instanced especially in the case of Veedol Medium, 
where the  viscosities vary  considerably for repeated pressure cycles. This 
result shows how similar is the effect of large pressures to  th a t of low 
tem peratures, as it is well known th a t once an oil has frozen under low- 
tem perature conditions it  takes a considerable tim e for all the wax crystals 
to  dissolve. In  the same way, once an oil has frozen under pressure, 
subsequent viscosities will differ appreciably from each other, even though 
the pressure a t which the  measurement is  made is well below the freezing 
pressure of the oil. Now, in gears or other bearing surfaces where high 
pressures are applied to  the oil, any given particle of oil is under pressure 
for a very short time, in the order of milli-seconds. This means th a t the 
oil will almost certainly not freeze, bu t exhibit some sort of “ super­



pressure ” effect (analogous to  super-cooling), during the short tim e th a t 
th e  pressure is actually  applied. Experim ental results, obtained from oils 
th a t have started  to  freeze under pressure, are therefore no t applicable 
to  such systems. I t  m ay be noted th a t Cragoe 13 has p u t forward an 
interesting application of Clausius-Clapeyron’s equation by which the 
pressure required to  freeze an oil m ay be determ ined from the pour point.

Suge (p. 1252 ref. 6 or p. 893 ref. 7) found th a t p artia l solidification 
occurred in  a  num ber of oils betw een about 1000 and  1500 kg./sq. cm. at 
18° C. H e states 7 th a t  if 10% of solid paraffin was dissolved in liquid 
paraffin the freezing pressure dropped from  1300 to  400 kg./sq. cm.

K iessk a lt19 obtained, w ith “ Veedol medium ” and  lard  oil, similar 
values for th e  freezing pressure.

Dow 14 described experim ents with three different types of crudes : 
from Pennsylvania, Oklahoma, and California— i.e. paraffinic, mixed 
paraffinic-naphthenic, and asphaltic crudes, respectively. The atmo­
spheric pressure viscosities appear anomalous, as they  do no t give straight 
lines when plotted on the A.S.T.M. chart. Corrections were subsequently 
published by E v ere tt,15 and these amended values give linear plots. The 
Californian oil gives a slight curvature on the  log viscosity-(l/f +  95) 
graph, which is unusual. The log viscosity pressure curves are linear, 
except for the 130° F. Californian oil, which has a negative curvature, and 
also the  99° C. Pennsylvanian oil curve. Curves of this particular shape 
are also shown by six Pennsylvanian oils described by D ibert, Dow, and 
F ink .16 There is a rapid rise in viscosity a t low pressures, and then the 
curve flattens out to  give a straight fine of norm al slope. I t  is difficult 
to  judge if these deviations are real or due to  an inaccuracy of the 
instrum ent.

W olarowitsch,17 working in Moscow, and therefore presum ably using 
Russian, which m ay have been napthenic crudes, found negative curva­
tures with some oils. Bridgm an 18 has also observed this type of curve 
with several simple organic liquids.

Typical plots of log-viscosity against pressure are draw n in Fig. 1.
The linear plot is illustrated by Suge’s Autoil No. 2 a t  40° C. in Fig. 1, 

curve 1 ; this type is the most common. Of the other types, an oil giving 
a positive curvature is th e  nex t m ost common though it  is no t very often 
seen. A typical example is H yde’s Mobiloil A, which is shown as curve 
No. 2. Negative curvature is exampled by Wolaro wits ch’s oil No. 4 or by 
the Californian oil investigated by Dow 14 a t 130° F . This la tte r is shown 
in curve No. 3, and this type is not a t all frequent. The anomalous type 
with the  sudden rise of the log-viscosity pressure curve is shown by the 
oils described by D ibert, Dow, and Fink, or by the Pennsylvanian oil at 
99° C. investigated by Dow.14 The pressure-viscosity curve of this oil is 
p lotted as curve 4, Fig. 1.

Summing up, then, m ost oils give a straight-line relation between log- 
viscosity and pressure. A few give curves with positive curvature, and a 
smaller num ber have a negative curvature. Two investigations have 
shown the anomalous type pictured in curve 4.

Of the five oils measured by Wolarowitsch, oil No. 4 had a negative 
curvature and oil No. 2 was m easured only a t 16° C., so th a t the viscosity- 
tem perature curve cannot be drawn. The remaining three—Nos. 1, 3,
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and 5—gave a  linear exponential viscosity-pressure law, and  will be 
discussed later.

As far as is known, the only remaining published work is by K iesskalt.19 
Here the relative increase in viscosity of twelve oils (eight mineral and 
four fatty) is measured a t 400 atmospheres and 50° C., and at 880 atmo-

F ie . 1.

spheres and 80° C. He gives th e  corresponding relative decrease of 
viscosity a t atmospheric pressure a t these two tem peratures, referring to  
20° C. as unity. Thus we have the pressure-viscosity coefficient for 50° C. 
and 80° C. taken a t 400 and 880 atmospheres, respectively. I t  means, 
however, th a t we have no method of checking up the linearity of the 
pressure-log-viscosity curve, as there is only one point a t each of the two
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tem peratures. On these grounds it was felt th a t the  figures were not 
sufficiently complete to  use.

I t  is now necessary to  see if  (f>; th e  pressure viscosity coefficient, when 
m ultiplied by (t +  6) is constant.

(/) decreases regularly with tem perature, and it  is necessary to  find the 
law it  follows. Suge proposed an exponential relation. From  the fore­
going work one would expect the product of <f> and (t +  0p) to  be a 
constant.

A prelim inary investigation showed th a t the product <j> X (t +  95) was 
not constant, as i t  decreased w ith increasing tem perature. In  order to 
find if <j> did vary  with (t +  0p), 1 /<f> was p lotted  against tem perature. If  
a straight line resulted, the  value of the intercept on the tem perature axis 
would be equal to  0p. The results were satisfactory, as all the  oils examined 
gave a  straight-line relation, and norm al lubricating oils gave values for 
th e  intercept between 40 and 60. The fuel oils investigated by Suge, 
which h ad  very  small viscosities, gave very low values of 0 while 
Voltol, which is a  polymerized oil, has a much higher value of 0p, 
equal to  83. Neglecting these, as they  are no t norm al straight lubricating 
oils, the  mean value of 0p is found to  be 52.

There were some exceptions to  this. W olarowitsch’s oil No. 1, for 
instance, gave a value of Qp equal to  230, and his oil No. 3 gave the same 
value of the  pressure-uiscosity coefficient </> a t 60° as it did a t 22° C. The 
value of 0p for oil No. 5 was 26° C. I t  was considered th a t  these extreme 
values were more likely to  be due to  experim ental conditions, and so these 
results were neglected.

I t  is unfortunate th a t 0p does no t equal 95, the value of 0(, as it would 
then  be possible to  use one formula to  take  both  the pressure and the 
tem perature effects into account. The possibility of using 73, a mean of 
0p and 0„ was investigated. This would give th e  equation

where r\pt is the  viscosity a t  pressure p  and tem perature t. This leads to 
errors in the  pressure-tem perature equations, bu t over a lim ited temperature 
range they  are no t too serious, as is shown below.

The errors in the  viscosity-tem perature curve using 0t equal to 73 
instead of 95 can be determ ined from E rk  and E ck ’s data , as was done 
above. Taking their oil No. 1935/2, th e  percentage error, At) per cent., 
a t 40-02° C. is — 5-3 per cent, and a t 80-01° C. is — 6-5 per cent., as com­
pared with an error of 0-00 and -f- 0-16 per cent, w ith the Vogel I I  formula

The error in the  pressure-viscosity coefficient A  is illustrated by figures 
calculated from some of Suge’s results (Mobiloil B ) which he obtained 
over an extended tem perature range. We will tes t the values of 
<£ X (£ +  0 )̂ over the  experim ental range of 1 to  156° C., taking Qp equal 
to  52 and 73. These figures are typical, and are given as they  cover a 
larger tem perature range th an  any other published experim ental results.

V a r i a t i o n  o e  <f> w i t h  T e m p e r a t u r e .

(0, =  95).
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Values-of <f> X (i +  9P ) .

Tem p., “ C. 1. 10. 18. 30. 40. 50. 65. 105. 124. 156. Av.
a _  ko 0-232 0-185 0-204 0-203 0-206 0-212 0-221 0-191 0-194 0-210 n 9n ,

0-191 0-198 0-204 0-205 0-205 0-207 0-208 0-204 0-199 0-200 u u
„ _  7o 0-324 0-247 0-265 0-255 0-253 0-256 0-257 0-217 0-217 0-231 „

0-266 0-265 0-265 0-257 0-252 0-250 0-245 0-231 0-223 0-220 u 'z o '

This shows th a t A , the  product <f> x  (£ +  0p), is constant when dp =  52 
and falls when dp =  73. The variation is not very serious in the second 
case, and it am ounts to  about 15 per cent, a t either end of the scale.

In  conclusion, then, we see th a t the use of the constant 0, =  95 for the 
viscosity-tem perature relation gives results as accurate as the simplified 
W alther equation, and using 6p =  52 for the pressure-viscosity equation 
gives results, for straight lubricating oils, which are within the experi­
mental variation.

The mean 0pt — 73 can be employed and a combined equation evolved, 
which is reasonably accurate over a small range. This is useful for 
theoretical calculations, when a single equation is needed to  take account 
of the effects of both tem perature and pressure on the conditions obtaining 
in an oil film.

C o r r e l a t io n  o f  b a n d  A .

Now, if the two equations for the effect of pressure and tem perature on 
viscosity are related to  Eyring’s theoretical equation, b should be some 
function of AF, and A  some function of AF. Now, AF  is an energy of 
activation, and thus some function of the la ten t heat of evaporation. 
Fenske, McCluer, and Cannon 20 have shown experimentally th a t the latent 
heat of evaporation per gram of all the  lubricating oils investigated by 
them  were sensibly constant. The la ten t heat of evaporation per gram 
mole m ust therefore be proportional to  the  molecular weight of the oil. 
A V  is a fraction of the molecular volume of the oil, and m ust therefore also 
be related to the molecular weight.

Thus, as 6 and A  are both functions of the molecular weight, they 
should be related to  each other.

Previously K iesskalt,19 using a ra ther complicated expression for the 
viscosity tem perature curve of an oil, correlated the viscosity-pressure 
effect with its viscosity-tem perature characteristics. C ragoe13 also 
noticed there was a relation, bu t did not give any quantitative expression 
for it.

The values of b and A  have been worked out for the oils which have been 
discussed above, and if 6 is plotted against A , it is seen the two quantities 
are definitely related, though not linearly. I t  was found, however, th a t a

plot of -if against b gave a straight line. I f  [ " is plotted againstA± L-o-J5p=52
[6^  = 95, the  equation of the resulting straight fine drawn through these 
points is :—•

[ I ]  =  9-00 - 4 - 2 0  X KT3 [&]<>,= 95.LNJeJ, = 52

Values for A  and b were also worked out taking 6 =  73 for both A  and b,



and this resulted in a similar straight line w ith the same slope, and the 
equation relating th e  two quantities is

[ 2 ]» .™  =  6'8 — 4 2 x  10”316! * - ” -
The first equation is very much more accurate th an  the second.

Instead  of using 6 to  determ ine A , N  the  ra tio  of th e  viscosity a t two 
tem peratures was used, as th is is simpler th an  6 to  work out. The two 
tem peratures chosen were 70° F . and 140° F. N  is defined as th e  ratio  of 
th e  viscosity a t  70° F. to  th e  viscosity a t  140° F. (at atm ospheric pressure); 
thus N  equals exp. 2-161 X 10~3[6]fl= 95. Now as there  is a relation between 
A  and b, one m ust exist between A  and N . The plot of A  against N  is 
shown in Fig. 2. The best curve between th e  points is a stra igh t line with
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a slope of 1-00 X 10 2 and on intercept n n  th e  A  axis of 0-12. The relation
between A  and N  is therefore given by th e  relation :—

A  =  0-12 +  10~2iV.
Any two tem peratures could of course be taken , b u t 70° F. and 140° F.

were used, as th ey  are commonly employed in  practice.
I t  m ust be emphasized th a t these relations are empirical and rest on the 

available published m aterial, and further work m ay lead to  modified and 
more accurate forms. Their use in this present empirical form is, however, 
necessary until such tim e as the theory of viscosity is sufficiently advanced 
to  deal w ith the hydrocarbons found in lubricating oils.

This equation simplifies the' pressure-viscosity problem, as it  is possible 
to  obtain an approxim ate value of the pressure-viscosity coefficient from 
a knowledge of the  tem perature-viscosity  characteristics of the oil.

I t  is clear, of course, th a t th is does not take into account oils th a t give 
curved exponential pressure-viscosity plots, bu t as these are only 
slightly curved, and do no t often occur, the  possible error is not as serious 
as m ight be expected. F urther, it is hoped to  show elsewhere th a t the 
oil pressures reached in gear lubrication are of the order of 2000 kg./cm .2,
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where the errors in viscosity resulting from considering all oils as obeying 
the exponential law are not too large.

The ideal oil is clearly one th a t has a small tem perature-viscosity 
coefficient (high V.I.) and' large pressure-viscosity coefficient. The equa­
tion shows th a t these are m utually exclusive in a straight oil. A high V.I. 
autom atically brings about a low-pressure viscosity coefficient. I t  appears 
th a t this can, to  a large extent, be overcome by using a low V.I. naphthenic 
oil and improving the V.I. by the use of an additive such as polyisobutylene. 
Dow 21 found th a t </> for a Pennsylvanian distillate of 100 V.I. was 1-78 a t 
130° F., while a Californian distillate of 16 V.I. had c/> equal to  about 2-9 
(the exact value is uncertain as the log-viscosity-pressure graph is curved). 
I f  the V.I. of the Californian distillate was brought up to  100 by the use 
of polyisobutylene, <f> dropped to 2-3, which is still appreciably higher than  
the Pennsylvanian oil.

The use of V .I. improvers is, however, lim ited by the fact th a t they 
increase the viscosity of the base oil to  which they are added. Thus to 
obtain a finished oil of a certain specified viscosity the original base oil 
•has to  much lighter. In  general, b falls as the viscosity of the oil falls, 
and thus m ay be below th a t of a normal straight high V.I. oil. There 
would in this case then be no advantage in starting with a low-viscosity 
naphthenic oil and adding a large am ount of V.I. improver over the normal 
high V.I. straight oil.

•

V is c o s it y - P r e s s u r e  C o e f f ic ie n t  o f  F a t t y  O i l s .

F a tty  oils have been studied quite extensively, though industrially they 
are not so im portant as mineral oils. The first point th a t emerges from 
a comparative study of mineral and fa tty  oils is th a t the pressure-viscosity 
coefficient is much lower. Further, it is seen th a t 0p is much larger in 
the case of fa tty  oils than  for mineral oils. F a tty  oils follow the exponential 
pressure viscosity, law w ith very few exceptions.

P lotting 1 /(/> against tem perature straight lines are again observed. The 
fairly extended measurements of Suge give values of 0p varying between 
80 and 90, with a mean cf 85, The results of Kleinschmidt and of Hersey 
and Shore are not always consistent, as their values of <f> do not change 
regularly with tem perature. This is probably due to the oil having been 
frozen in previous runs, which renders the results erratic. This effect of 
freezing is shown very well by Hersey and Shore’s results for castor oil 
No. 2 (reference 12). This effect m ay explain the considerable variation 
of one sample Compared with another.

I f  the values of 6 are plotted against A, it is seen th a t apparently no 
detailed relation exists between them, except in so far th a t castor oil, 
which has a larger value of b than  any other oil, also has a larger value 
of A.

I t  seems, however, th a t with the exception of castor oil, all the remain­
ing fa tty  oils studied—which are Lard, Rape, Sperm, T rotter, Hemp, 
Camellia, and Horse—have approximately the same value of A. This 
works out to  be 1-4 ±  18 per cent. The value of castor oil may be taken 
as 1-7 ±  10 per cent. Both these figures are evaluated with Hp equal to 
85.

G G



4 1 2 CAMERON : THE PR ESSU R E-V ISC O SITY  CO EFFIC IEN T AND

M o l e c u l a r  W e i g h t .

From  a study  of E yring’s equation it is seen th a t the  molecular weight 
comes into the various constants th a t determine the  viscosity. I t  has 
been shown th a t  Vogel’s equation can be considered as an empirical modi­
fication of E yring’s relation, and so i t  was thought th a t i t  m ight be 
possible to  obtain the molecular weight from the  constants of Vogel’s 
equation.

Now, neglecting the pressure-viscosity term , E yring’s equation is

N h  /A F\ 
71 -  T exp ' \r t )

where t\ =  viscosity in poises,
N  =  Avogadro’s num ber, 
h =  P lanck’s constant,
V — Volume of 1 gram-mole of liquid,

AF  =  Free energy of activation for flow,
R  =  Gas constant,
T  =  Absolute tem perature.

Eyring points out th a t  AF  is a  constant fraction of th e  molecular heat 
of vaporization. Now, if A is the heat of vaporization per gram, and M  
is th e  molecular weight, AF  will be a fraction of L M . I t  has already been 
noted  th a t L  is constant for all oils, so th a t AF  is directly proportional to

N h
M . Consider the  quan tity  - y .  N h  is constant, being the  product of

Avogadro’s and P lanck’s co n stan ts; V, th e  molecular volume, is equal 
to  M Ip, where p is the  density. W e can therefore rewrite Eyring’s 
equation :—

y) N h tM \
" -  m  6Xp- \tiTJ

where a — a constant, and rj/p is the  kinem atic viscosity in stokes.
W e can see th a t if Vogel’s equation yj =  1c exp. b/(t +  0) is related to 

Eyring’s, h should be some function of N h /M , and b of M ¡a, where Jc and b 
are obtained by plotting the  viscosity in  stokes, no t poises, against 
1 /(t +  0).

There have been two papers published on the relation between molecular 
weight and viscosity, the  first by  Fenske, McCluer, and Cannon 20 and the 
second by K eith  and Roess.22 The authors of th e  first paper propose the 
following relation for the determ ination of the molecular w e ig h t:—

oooim„„  S .u.v. 100° F.32,310 log10 — -------
M  =  240 +  —  0

305 -  V.I.

where S.U.V. 100° F . =  Saybolt Universal Viscosity a t 100° F . and V .I. =  
Viscosity Index.

This equation has the formal disadvantage th a t all th e  values are in 
technical units.

K eith  and Roess do no t propose any equation for th e  molecular weight, 
bu t leave their results in graphical form.

The kinem atic viscosities of the  oils used in these investigations are



given by both workers, a t 100° F . and 210° F., thus b and h can be deter­
mined from the equation T

^ v) == 1c exp. b/(t +  0)
where 0 =  95 or 73.
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As has been shown above, the equation is much more accurate when 
0 =  95, bu t it  is sometimes convenient to  have an approximate value of 
the molecular weight when the constants have been determined for 0 =  73. 

Using both these papers, it  is possible to  work out kM  and b/M . I f
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Eyring’s equation was exactly applicable here lcM would be constant and 
some fraction of N h  and b/M  would equal 1/a, which is also constant. 
N either of them  is constant, however, b u t if lcM is p lo tted  against b/M  
a correlation is shown to  exist, as all the  points fall on a single curve. I t  
is perhaps significant th a t the theory  gave the com bination of k, b, and M  
th a t enabled all the points to  fit on a  single curve.-

I f  the  values of lcM and b fM  are p lotted on log-log paper a straight line 
is observed for all values of IcM greater th an  0-06 for 0 =  95 and 0-10 for
0 =  73 (see Fig. 3). F or 0 =  95 the equation of the straight p a rt of the 
curve is b/M  =  1-51 (¿ ill)-0'3207, which can be w ritten

M  =  0-546 (61-47. &°'473)e = 95.
This equation is valid for kM  greater th an  0-06.
I f  0 is pu t equal to  73 the equation for the molecular weight is

M  =  0-588 (61-517. P '517)0 = 73 
and is valid for kM  greater th an  0-10.

I t  is interesting to  note th a t a t low values of kM , b/M  tends to  a con­
s tan t value, as E yring’s theory requires.

I t  m ust be remembered th a t in these equations b and k are both deter­
mined for viscosity in stokes, and not in poises, as is normal.
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“ EAGLE” SINGLE COMPARTMENT BOTTOM 
SAMPLER.

By R . G. M it c h e l l , A.R.I.C., and S. A. H uhn , A.M.I.Chem.E.*

S u m m a r y .

The advan tage  o f being able to  ob tain  liquid sam ples righ t from  th e  bo ttom  
o f tankage on storage installations, refineries and  tankers, and  th e  sh o rt- 
•com ings o f existing sam plers for th is  purpose led th e  au tho rs to  evolve th e  
ap p ara tu s described below , w hich m easures in. d iam eter b y  approxim ately  
8 J  in . high, weighs 6 lb. an d  is capable of obtaining 160 c.c. of liquid from  th e  
very  b o tto m  o f a  tan k .

D e s c r ip t io n .

This sampling apparatus (see Figs. 1, 2, 3, 4, and 5), is covered by British 
P a ten t Xo. 566,752 and consists of a  cylindrical casing w ith conical bottom  
(1) or alternatively, w ith a flat bottom  (2), to  which are fitted  four legs (3). 
In to  the upper p a rt of the  cylinder (1) is fitted  a removable tapering top
(4), having an air release valve (5) and  a carrying handle (6), which is also 
provided w ith a loop (7) for holding th e  chain or cord by which the  appara­
tus is suspended. Inside th e  casing (1) is inserted a sliding weight (8) of 
square cross section, fitted  a t  its  lower end w ith a valve and projecting 
spindle (9) which fits into the  centrally positioned valve seating (10) in the  
bottom  of th e  casing. A  stop ring (11), prevents th e  weight (8) slid ing out 
when em ptying th e  sampler.

O p e r a t io n .

The m ethod by which th e  apparatus operates can be readily  followed by 
detailing th e  procedure in  practice.

The sampler is suspended by chain or cord through th e  loop in th e  handle 
and is lowered into th e  tank . W hen the valve’s projecting spindle a ttached  
to  the  sliding weight touches the tan k  bottom , th e  outer casing falls until 
the  legs rest on the tan k  bottom , thereby opening the  in let valve. The 
entrance to  th e  sampler is th en  f  in. from th e  tan k  bottom  and m aterial a t  
and below th is level is forced into the container, replacing th e  contained air, 
which is driven out through th e  air release valve un til such tim e as the  
predetermined pressure equilibrium is established in the container and the 
air release valve closes.

Based on th e  difference in  fluid head pressure a t  th e  determ ined level of 
th e  sample, and the  air release valve, together w ith the weight of the  m etal 
ball in  th is valve, the  level of th e  sampled liquid a t  the  point a t  which th e  
air release valve closes will be approxim ately a t  the  level (12).

The sampler is then  drawn up by a  cord or chain, and in so doing the 
casing im m ediately rises and closes th e  inlet valve by the  weighted spindle 
fitting into th e  valve seating, thus keeping th e  contents from the bottom  
sealed w ithin th e  container.

* I n  conjunction  w ith  Eagle Oil and  Shipping Com pany’s Draw ing Office. 
H H 2
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The removable tapering top  is then  unscrewed and the  sample em ptied 
into an appropriate container. During th is operation th e  sliding w eight is 
prevented from falling out of the  container by means of th e  stop ring.

Fig . I F i g . 2 F i g . 5

F i g . 3  F t  e. 4

A d d it io n a l  C o n s t r u c t io n a l  D e t a il s .

I t  was found necessary to  insert a filling of lead in  th e  sliding weight in 
order to  obtain the required weight to  ensure a  positive seating of th e  valve, 
because the  sampler when lowered into a tan k  is in ternally  a t  atm ospheric 
pressure and, where great depths of oil are concerned, th e  external fluid 
head pressure would ten d  to  open th e  bottom  valve before th e  sampler 
touched th e  tan k  bottom , unless the  sliding weight was heavy enough to  
prevent this.

The bottom  valve and valve seating are made to  screw in to  the ir



respective positions so th a t, should they  become worn, their replacem ent is 
a simple m atter.

The m ethod of unscrewing the sampler is to  hold th e  casing w ith one 
hand, and tu rn  th e  tapering top  w ith the  other hand by means of the  
carrying handle. In  th is connection it  has been found desirable to  knurl 
the  casing so as to  obtain the  necessary grip when th e  sampler is oily.

The general construction has been made as robust as possible and all 
parts are readily detachable to  enable easy cleaning.

T im e  o f  I m m e r s io n .

The tim e required for the  sampler to  fill w ith oil to  the  predetermined 
level naturally  depends on th e  viscosity of the m aterial being sampled 
and varies from a few seconds w ith light oils to  about 8 m inutes w ith 
the  m ost viscous fluids tested  (95,000 sec. Redwood No. 1 a t sampling 
tem perature.)

An indication of when the sampler is full can be obtained by observing 
when bubbles from the air release valve have ceased to  rise to  the surface 
of th e  oil.

V o l u m e  o f  t h e  S a m p l e  O b t a in e d .

I t  has been found th a t th e  volume obtained varies slightly w ith the 
velocity w ith which the oil enters th e  sampler. This depends on the 
viscosity of the  m aterial being sampled and the  depth  but, generally 
speaking, th e  volume ranges from 165 c.c. w ith fluids of lo\f viscosity to  
about 100 c.c. w ith very viscous fluids.

E f f i c i e n c y .

Tests using th e  conical bottom  sampler have indicated th a t w ith a fuel 
oil of 32,000 sec. Redwood I  a t  the  sampling tem perature, and a  w ater 
bottom  as small as 0-15 in., a sample containing 84 per cent, of w ater can 
be obtained, whereas w ith layers of 0-3 in., or more, of w ater the  samples 
contain 100 per cent, water.

E x p e r im e n t a l .

I t  was noted th a t when th e  sampler was rapidly lowered to  the tan k  ' 
bottom  the w ater contents of the  samples obtained were somewhat lower 
th an  expected, particularly  when using th e  flat bottom  type. This was 
found to  be due to  a  pocket of oil becoming trapped under the  sampler and 
sucked in when th e  valve opened. This trouble, however, is eliminated 
when th e  sampler is lowered slowly to  th e  tan k  bottom , and it was w ith a 
view to  minimising th is difficulty th a t the  conical type of bottom  was 
developed. Generally speaking th is la tte r  type is recommended for 
norm al use.

C o n c l u s io n s .

I t  is considered th a t  th is  Single Compartment B ottom  Sampler is a great 
im provem ent over all bottom  samplers known to  the  authors, and should 
prove of considerable value to  th e  petroleum  industry.

“  EAGLE ”  SINGLE COMPARTMENT BOTTOM SAMPLER. 417
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EXTENSION OF THE OCTANE SCALE ABOVE 
100 O.N.

The Re-calibration of iso-Octane -f- 4 ml. T .E .L ./Im p . gal. in  
n-Heptane +  4 ml. T .E .L ./Im p . gal.

iN T K O D T JC T IO ir.

A c a l i b r a t i o n  of leaded prim ary reference fuels was m ade in  term s of 
unleaded prim ary reference fuels and the  curve extrapolated  to  th e  limit 
of iso-octane A  4 ml. T .E .L ./Im p. gal. in 1941. This work was under­
taken to  provide a leaded prim ary scale for th e  calibration of new batches 
of leaded secondary reference fuels, and was reported (J . Inst. Petrol., 1941, 
27 (211), 188-194)“

Since th a t tim e the conditions of tes t have been modified, and it has 
therefore been necessary to  determine th e  calibration w ith th e  new test 
conditions to  provide a sound basis for the  calibration of F 6 and Cl 3 with 
4 ml. T .E .L ./Im p. gal.

\
M e t h o d  o f  T e s t .

The ten tative m ethod of test for weak m ixture ra ting  of fuels of high 
octane number up to  iso-octane -j- 4 ml. T .E .L ./Im p. gal. is now the 
“ 25° Motor Method ” (I.P. 43-45 (T)). This differs from  the “ 17° Motor 
Method ” (I.P.T. G39 b-1940 T.) employed in  the  1941 calibration, in  th a t 
the th ro ttle  p late between the carburettor and induction manifold is now 
no longer used and the spark is fixed a t 25° advanced.

T a b l e  I.

Octane N um ber Calibration Table fo r  the Extension of the Octane Scale obtained by 
the 25° Motor M ethod up to 100 Octane Num ber, thence by Extrapolation.

iso-O ctane +  4 m l. T .E .L ./Im p . gal. in  n -h ep tan e  +  4 m l. T .E .L ./Im p . gal.

iso- 
O etane, 

p e r cent.
O.N.

iso- 
Octane, 

per cent.
O.N.

iso- 
O ctane, 

pe r cent.
O.N.

iso- 
O ctane, 

per cent.
O.N.

70 89-7 78 97-0 86 105-3 94 113-7
71 90-5 79 98-0 87 106-3 95 114-7
72 91-3 80 99 0 88 107-4 96 115-8
73 92-2 81 100-0 89 108-4 97 116-8
74 931 82 101-1 90 109-5 98 117-9
75 94-0 83 102-1 91 110-5 99 118-9
76 95 0 84 103-2 92 111-6 100 120-0
77 96-0 85 104-2 93 112-6
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P r e p a r a t io n  o f  P r im a r y  S c a l e .

Six blends of prim ary fuels were tested against leaded prim ary reference 
fuels in fifteen engines and the  arithm etic mean for each test point deter­
mined. A curve was drawn through these points and extrapolated so 
th a t iso-octane -f- 4 ml. T .E .L ./Im p. gal. was equal to  120 O.N. This 
extrapolation was arbitrary, bu t made to  pass through th is point in order 
to  provide continuity w ith previous work.

The calibration is presented as a curve in Fig. 1 and tabulated  in Table I.

VOL.! ISO-OCTANE +4M L. T.E.L./IMRGAL.
IN N-HEPTANE + 4 ML. T.E.L./lMP. GAL.

F i g . 1 .

C A L IB R A T IO N  (B Y  25° M O TO B M E T H O D ) OE L E A D E D  iso-O C TA N E A N D  71-H EPT A N E A G A IN S T 
¿SO -O CTA N E A N D  71-H E P T A N E , E X T E A P O L A T E D  A B O V E 100 O C TA N E NTTMBEB.

CALIBRATION OF C.F.R. R EFER EN C E FUELS.

Calibration of Secondary Reference Fuels F6  +  4 ml. T .E .L .¡Im p. gal. and 
C l3 -f- 4 ml. T .E .L .¡Im p. gal. by the 25° Motor Method {I.P.— 43/45 (T)).

T h e  calibration of the above reference fuels has been determined up to 
and including 100 O.N. by direct tests against clear prim ary reference 
fuels and above 100 O.N. by tests against leaded prim ary fuels and the use 
of the extrapolated scale given in the  preceding report.

The calibration curve is given in Fig. 2 and the data  are also presented 
in tabu lar form in Table II.
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VOL.0/, F6 + 4M L. T.E.L./IMP.GAL. IN C 13+ 4M L. 
T.E.L./ IMP. GAL.

F i g . 2 .

C A L IB R A T IO N  (B Y  2 5 °  M O T O R  M E T H O D ) O P P 6  +  4  M L . T .E .L ./ I M P .  G A L . A N D  C l3  +  4  ML.
T .E .L ./ I M P .  G A L.

T a b l e  I I .
Octane N um ber Calibration Table by 2 5 °  M otor M ethod.

F6  +  4 m l. T .E .L ./Im p . gal. in  C13 +  4 m l. T .E .L ./Im p . gal.

F6, 
p er cent. O.N.

...
F6, 

p e r cent. O.N. F6, 
p e r cent. O.N. F6 ,

p e r cent. O.N.

0 86-8 26 91-7 52 98-5 78 107-9
2 87-1 28 921 54 99-2 80 108-7
4 87-4 30 92-6 56 99-8 82 109-5
6 87-7 32 9 3 0 58 100-5 84 110-3
8 88-1 34 93-5 60 101-2 86 111-2

10 88-4 36 94-0 62 101-8 88 112-2
12 88-8 38 94-5 64 102-5 90 113-1
14 89-2 40 95-0 66 103-2 92 114-1
16 89-6 42 95-6 68 104-0 94 115-1
18 90-0 44 96-2 70 104-7 96 116-2
20 90-4 46 96-7 72 105-5 98 117-5
22 90-8 48 97-3 74 106-3 100 119-0
24 91-2 50 97-9 76 107-1


