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FURTHER INVESTIGATIONS OF THE PROPERTIES
OF CLAY SUSPENSIONS.*

By G. D. Hobson, Ph.D., D.I.C., A.M.Inst.Pet.

Summary.

A number of clay suspensions have been examined in a capillary tube
viscometer under different pressure gradients. Data wore obtained on the
relationships botwoen rate of flow and pressure gradient, concentration and
“ viscosity,” simple and complex suspensions, and on the effects of heating,
“ viscosity -temperature coefficients and ageing.

The Hatsehek concentric cylinder viscometer did not provo very satis-
factory for examining these suspensions. The phenomenon of sedimentation
under shear in a concentric cylinder viscometer was investigated.

Attempts to determine yield values directly by using cylinders and vanes
inatorsion apparatus broughtto lightan interesting feature whichis probably
coupled with thixotropy.

Preliminary work on the estimation of the amount of water “ bound ”
by different clays was undertaken, and apparently amounts up to 25% or
more of the weight of the dry clay are held thus.

I. The Capillary Viscometer.

In an earlier publicationlthe results of viscometric measurements on
suspensions of Stockolite and Aquagel were described. The same apparatus
has been applied to examine a number of clays and shales, some of which
have been used in drilling muds. Briefly, the viscometer was of the
pipette type, with interchangeable capillaries, and employed suction to
draw a known volume of mud into the measuring-bulb. The apparatus
was simple and cheap to construct; it had no drainage error. On the other
hand, a fairly large volume of mud was required (350 c.c.), and working
losses occurred when the bulb was cleaned between the observations.
These losses increased with increasing “ viscosity ” ofthe mud. There was
an upper limit to the pressure gradient which could be applied when using
a given capillary. The presence of a hydrostatic-head correction and
probable errors in the form used fixed a lower limit to the pressure gradient
which could reasonably be applied with a given capillary. This correc-
tion was an approximate one for a true liquid, and therefore probably
rather less satisfactory for muds. Kinetic-energy corrections were applied
to the data. Little is known about the. value of the coefficient in of the
kinetic-energy correction in the case of these anomalous fluids, but it
seemed preferable to use an approximate form rather than to omit the
correction. It was possible to shake or stir the mud almost immediately
before a measurement. This was of service when the clay suspensions
sedimented relatively quickly. The muds could be stirred during an
observation, thus providing a simple test for thixotropy.

If Cunningham’s work 2really showed that small differences in pressure
affected the “ viscosity,” and not merely thixotropic effects, as suggested

- * The greater part of the first two sections is summarized from a thesis approved
for the Degree of Doctor of Philosophy in the University of London, 1936.
00
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by McMillen,3and the effect does not reach its maximum instantaneously
or in a few seconds at the most, it cannot appreciably affect the results in
mnmaPIT ri | . “ud ept Undcr tho same pressure right. up to th
moment o¥ entering the capllslrare, thatever ﬁw ;Pressure glgadlerﬁ)t usede
It is clear, as Ambrose and Loomis,”*and McMillen ®point out, that if a
thixotropic material does not attain equilibriumin a concentriccylinder
rotating viscometer m 30 minutes, or more insome instances, ‘it will
Yetifa W S i fe\ Cqg"librium in a GaPiHary of the usual length.
k 15 ,°f shearing is necessary for the attainment of this
gmlibnum, the possibility exists that the thixotropic state during the
passage through the capillary will not be far removed from that obtaining
immediately before entering the capillary.
AH the muds were made up with distilled water, the shales and clays

I MM CrThe oonr°rei ne(2SSIUy’ and fd’y "‘cro screened to pass 60-mesh
concentrations have been expressed as the percentages by

we fhirl « f yl SUSpCnsionsand were determined by heating
weighed samples’to dryness at 110° C. Unless otherwise stated the

dimen* - WCr at 2°¢ C* The binaries had the following

N hER: Teln AR JERGHEL: "wio am_

Iff. Length: 11-044 cm.
Radius : 0-0638 cm.

The data have been interpreted in two ways :__

? a the c?rr@ted pressure gradient and the time of filling of

ofahvi’n”™.equr*ent or apparent viscosity was calculated as that
ofa hypothetical normal liquid according to the following equation

t, = _ raFp
8V(L-(-nR) 8t:(L -f-nR)

where R and L are the radius and length of the capillary respectively,

p is the density of the mud, V = measurhig volume of viscometer
C o " time of filling

m is the coefficient of the kinetic-energy correction, n the coefficient

of the Couette end-correction, and P is the corrected pressure The

equivalent viscosity calculated for each observation was plotted

" * " “ T,MmUIlodiSOTpW<»..

E t e S r

(b) The quantity was plotted against after applyin1£ a

kinetic-energy correction to the pressure gradient.

Since the rate of flow changed a little in each observation and the hydro-
static and kinetic-energy corrections were but approximate, it is to the
must be A~ dinOt tke absolute values of the results that the chiefattention
must be paid. The equivalent viscosities have been expressed in terms of

to vedm gIVG S°me ldea Of the magnitudes of the quantities in-
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Measurements in capillary I W at 20° C. :—

Alluvial clay O: Ga
Gc = 40-52%.

Alluvial clay 77 : Ha
T77c = 41-42%.

Blue shale 7: 7a

7c = 58-55%.
Blue shale J : Ja
Jc = 57-99%.

ah VeLOQ.iTr (Cm./see).

30-85%,

Ob

31-72%, Hb

37-37%,
35-61%,

76
Jb

42-70%,
37-05%,
49-16%,
51-11%,

535
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Forms of the “ Viscosity ” Rate-of.flow Curves.

The forms of the curves relating equivalent viscosity and rate of flow
seem to lie between the limiting types shown by Aquagel and Stockolitc.
Ihe Aquagel type shows a greater dependence of the equivalent viscosity
on the rate of flow, the former quantity decreasing rapidly as the latter
increases at low rates of flow, and the curve becoming more or less parallel
to the rate-of-flow aXis at high rates of flow. The Stockolite curves show
less dependence on the rate of flow.1 The lower concentrations of the
il,?T-St MCCUMOS InT _ Ilke fche Stockolite type (Fig. 1, Ga, Ja, la), whereas
he higher concentrations simulated the Aquagel type (Fig. 1 li ) None
of the clays quite conformed to the Stockolite type of curve, but blue

~n , .
. %?HBP\ clay had a fan: re'%éer\tﬂ%lnglanolt]heal&%%lgéeqatyp%.’ and unweathered

Whilst the curves generally showed the “ viscosity ” to fall with in-
creased rate of shear, there were certain exceptions. The increase in

viscosity of a 40 per cent. Stockolite suspension at high rates of flow

as a tea y been noted.1 An outstanding type of curve was sliown by
alluvial clay G (Fig. 1, Gc). This curve was sigmoidal. After a very
rapid decrease m equivalent viscosity with increased rate of flow the
curve revealed a rise in «viscosity ” at higher rates of flow. This was
followed by a fairly rapid fall in “ viscosity ” at the highest rates of flow
used. A possible explanation of the extraordinary behaviour may be as
follows : Ihe initial drop in * viscosity ” is caused by shearing off of a
? m ,°f around a complex particle, or the overcoming of forces
which tend to give rigidity to the suspension (this may explain the “ vis-
cosity reduction for all the clays, though the particles in them are not
necessarily complex). lhe rise in “ viscosity ” is due to increasing break-
down of the complex particles (Oden has shown that for equal concen-
trations fine particles give more viscous suspensions than coarse ones).
In detail, the rise may be caused by (a) the components of the complex
particles each assuming fluid envelopes and/or (b) increased loss of energy
due to collisions and rotation. At a certain rate of flow this breakdown
is complete, and the effect of the reduction in size of the fluid envelopes on
B L T e
may Play a Part,In tijis fill;il stage, or may be the entire cause
o the drop m wviscosity. If the latter suggestion is true, then the
assumption that the smaller particles take on fluid envelopes is no longer
necessary. Ao permanent change occurred, for, after making the measure-
ments in decreasing order of pressure gradients, a check determination
under the initial pressure gradient showed very close agreement with
the first measurement.

Form of the Flow-curves.

The peculiarities of the equivalent viscosity-rate-of-flow curves have,
wellTtfi their, COUnfcf Parts In the flow-curves, but that which shows up

in the other a” “ °~ ePref ntatlon 18 nofc necessarily so readil){1 apparent
m the other. A number of flow-curves showed a steepening at the hmhest

rates of flow (Fig. 2, Kb’, He, Gc). In some distances this was not a change
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5000
Measurements in capillary I W at 20° C. :—
Alluvial clay 0 : Oa = 30-85%, Ob = 42-70%, Gc = 49-52%.
Alluvialclay H : Ha = 31*72%, lib = 37-65%, He = 41-42%.
Bluo shale | : la = 37-37%, 16 = 49-16%, le = 58-55%.
Blue shale J : Jo = 35-61%, J6 = 51-11%, Je = 57-99%.
Clay K : Ka = 32-57%, X6 = 39-91%, Xe = 46-41%.
4000 Measurements in capillary Il N at 20° C. :—
Blue shale, J : Jo' = 35-61%.
Clay K : Ho' = 32-57%, A6' = 39-91%.
3000
2000
1000

2300

Fio. 2,

[Toface p. sa7.
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in mobility, but was at least partly due to air coming out of solution. The
cases of a true increase in mobility were possibly examples of slippage or
loss of fluid envelopes. In other instances the flow-curves became less
steep at the highest rates of flow (Fig. 2, Ja'). This probably resulted from
turbulence, with the possible additional factor of breakdown of complex
particles.

Although some of the flow-curves were still straight at the lowest rates
of flow used, many of them did show curvature towards the origin. The
Bingham hypothesis demands such curvature even though slip be absent,
and if slip be present, the curvature is greater, and the curve may even
pass through the origin, as Buckingham assumed in the derivation of his
equation, or may intersect the stress axis at a measurable value, as
observed by Keen, Scott Blair, and Crowther.7>8

W hilst the flow-curves of blue shale L, shale P, and clay K were essen-
tially straight lines, except at the lowest rates of flow, some of the other
clays, and especially the higher concentrations, gave flow-curves which
curved throughout, with the result that a reasonable measurement of
their slopes was difficult or impossible.

In conformity with the observations of Hall,9 and Scott Blair and
Crowther,8 it was found that the slope of the part of the flow-curves
corresponding to stage IV of the latters’ curves ivas greater the narrower
the capillary—i.e., the mobility was higher in the narrow capillary.

Effect of Stirring, etc., on the Measurements.

In the bulk of the measurements the standard procedure was to stir
the mud for 25 sec. immediately before the measurement, and at a steady
rate during the measurement. This stirring was by no means vigorous,
but it was found possible in most cases to obtain more consistent results
with stirring during the measurements than when stirring was suspended.
The exceptions were some very dilute suspensions of fractions of London
clay and there, no doubt, the irregularities were due to turbulence.

Omitting the cases of fractions of London clay, stirring during a measure-
ment was found to give a lower value for the “ viscosity ” or a higher value
for the mobility than was observed in the absence of stirring. Thus
stirring increased the mobility of a Stockolitc-Aquagel suspension by about
10 per cent.

Any disturbance might be expected to tend to promote turbulent flow.
Such a tendency would be greater the more vigorous the stirring, and for
a fixed method of stirring it would be greater the less dense and the less
viscous the fluid. If the fluid were thixotropic, the nett effect of stirring
during a measurement would be manifest as an increase or decrease in the
“ viscosity,” according as the apparent increase in “ viscosity ” resulting
from any turbulence created exceeded or was less than any decrease in
“ viscosity ” consequent on thixotropic breakdown.

It must be recognized that if any standard method of treatment is
adopted with a thixotropic mud—e.g., stirring during an observation,
not stirring, or stirring vigorously before an observation—then, provided
that the measurements are made in strict order of increasing or decreasing
pressure gradients, the results may be expected to lie on a smooth curve,
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but the curve obtained for the increasing order of pressure gradients will
not necessarily coincide with that obtained for the reverse order. The
reason lies in the fact that the treatment, whatever its nature, will only
in rare cases maintain the initial state of thixotropic breakdown during a
series of measurements. In general it will either fail to maintain it, or it
will increase it. Notwithstanding, under uniform treatment the change
in thixotropic state may be expected to be gradual, and hence a smooth
curve will result. On this account, mobilities and stress intercepts may
differ a little according as observations are made in ascending or de-
scending order of pressure gradients.

Relationships between Concentration and the “ Viscosity ” or Mobility
of the Suspensions.

Although the “ viscosities ” at given rates of flow can be plotted against
the concentration by weight, in attempts to find a relationship between
“viscosity ” and concentration, it is desirable to use a less arbitrary
quantity, e.g., the ultimate viscosity—the asymptotic value towards
which the “ viscosity ”-rate-of-flow curves seem to tend in most cases__
or the value, i.e., the mobility, obtained from the slope of the flow-curves
in stage IV when they are linear or nearly so. The reciprocal of the
mobility has the dimensions of a viscosity. Furthermore, it would seem
better to express the concentration in terms of volume rather than weight,
for it is the size of the particles and their total effective bulk which, other
things being equal, determine the “ viscosity ” of a suspension, and it is
clear that the relationship between percentage by volume and percentage
by weight is not linear unless the densities of the suspended material and
the suspending medium are equal. There is an additional complicating
featuie in that the particles are probably intimately associated with a
portion of the suspending medium, making their effective bulk appre-
ciably greater than that of the particles alone. However, this feature has
been omitted from the following simple discussion.

In order to calculate the concentration by volume from that by weight
in the absence of direct determinations of the densities of the clay particles,
a density value of 2-6 was used, which, while somewhat below a series
of computed apparent densities, probably errs in the right direction.

Einstein’s equation for the “ viscosity ” of a suspension of rigid spheres
isv,= 91+ 2 where <£€is the volume fraction the spheres constitute
of the entire suspension. This equation assumes that the spheres do not
influence one another. The suspensions examined do not obey this linear
relationship, but the “ viscosity ” increased at a greater rate, a result to
be expected from the high concentrations used (Fig. 3). In addition, the
particles were most likely platy, and may not have fulfilled the condition
of rigidity. Bingham and Durham’s work on infusorial earth and English
china-clay led them to the conclusion that finely divided substances in

suspension depress the fluidity Of the liquids in which they
are suspended by amounts which are directly proportional to the volume
ofsolid.11 This may be expressed by the equation (I —fk), where

s the volume fraction of the solid.
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The percentage by volume has been plotted against the mobility (Fig, 4).
In no case was a straight line obtained. Nevertheless, the curvature was
not great. Aquagel was found to approximate more closely to Einstein’s
equation than to Bingham and Durham’s, whereas Stockolite and the other
clays were, on the whole, nearer to Bingham and Durham’. The closer
agreement of Aquagel with Einstein’s equation was perhaps to be expected,
since the maximum concentration was only 1-86 per cent., whilst the
other suspensions went up to 35 per cent, of clay by volume.

Fig. 3.
Measurements at 20° C. :—

G—alluvial clay G; J—blue shale J ; I—blue shale I ; L—blue shale L; S—
Stockolite. Curves G, J and | aro for capillary U N ; L for capillary | W,
and S for capillary 1 N.

Relationships between Simple and Complex Suspensions.

In an attempt to find if any approximate simple relationship exists
between the * viscosity ” or the mobility of composite suspensions and the
values for simple suspensions, a mixture of Stockolite and Aquagel, and
three fractions of unweathered London clay were used. The suspensions
were made up so that the ratio of a given material or fraction to the total
volume present was the same in the simple suspension as in the composite
suspension. In using the above method the ratio of the effective volume
of the solid to free-water space was not necessarily identical in the two
cases, and when it differed, it would be higher in the case of the composite
suspension—a circumstance which would indicate that its “ viscosity ”
should exceed that derived merely from consideration of the “ viscosities ”
of the simple suspensions. It would therefore have been more accurate to
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have made up the simple suspensions so that the ratio of the effective
volume of solid to the volume of free water was the same as inthe com-
posite suspension, but lack of knowledge of the water-* binding ”power
of the various fractions precluded this.

The increments to the viscosity of water caused by the separate fractions
or materials at given rates of flow were summed and added to the vis-
cosity of water. The summate curve was found to lie well below that
actually obtained for the composite suspension. This was not unexpected,
for with every material the “ viscosity ” increased at a greater rate than
the amount of solid present. Several other methods were tried, including
an extended form of Bingham and Durham’s equation, but the results
wore even less satisfactory. Finally, the hypothesis was used that the
addition of a substance reduced the “ fluidity ” of a suspension containing
a second substance, in the same proportion as the first substance reduced
the fluidity of water in a simple suspension, where the ratio of water to
that substance was the same as in the composite suspension.

For London clay, three fractions of which were used, two fractions
were dealt with as above, and the hypothetical mixed suspension was
supposed to reduce the “ fluidity ” of the third fraction by a proportion
the same as it itself reduced the fluidity of water—i.e., the “ fluidity ” of

a mixture A,B, . . . X at a given rate of flow is as follows —
“ fluidity ” of A *“fluidity ” of B A
fluidity of water' fluidity of water ™ miyo ,

Tasvte |

Stockolite-Aquagel Suspension.

“ Fluidity ” (rhes). “ Viscosity ” (poise).
Rate of
flow, X
cm./sec. Summation
Calc. Obs. % error. of vise, Observed. % error.
increm.
30 15-6 10-3 -4-3 0-0442 0-0611 -27-9
00 17-9 181 -1-0 0-0408 0-0550 -26-0
90 19-2 19-2 0-0 0-0386 0-0520 -25-7
120 20-3 20-1 0-7 0-0371 0-0495 -25-0
150 21-1 20-9 1-6 0-0360 0-0480 -25-0
180 21-0 21-5 0-3 00353 0-0465 -24-0
210 219 22-0 -0-0 0-0347 0-0454 -23-3
240 21-6 22-7 -4-7 0-0337 0-0440 -21-0
all the data being for the same rate of flow, and the ratio of A,B, . . . X

to water in the simple suspensions being the same as in the composite

Fig. 4.
v denotes curve for percentage by volume.
w » " " weight.
G is alluvial clay G; J is blue shale J; | is blue shale I ; L is blue shale L; S is

Stockolito.
Full lines are for capillary I W ; broken lines for capillary 11Ji, except in the case
of Stockolite where the results are for capillary I N. The ordinates of the Stockolito
curves hove been halved.
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Tabh; n.
Unweathered London Clay.

“ Fluidity ” (rhes). “ Vi ity ” i
Rato of y " (rhes) Viscosity ” (poise).
flow,
cm./sec. Summation
Calc. Obs. % error. of vise, Observed. % error.
increm.
15 1-92 31 38-0 0-222 0-322 -31-0
30 4-15 4-0 9-9 0-147 0-216 -32-1
50 5-8 0-3 - 80 0-117 0-159 -20-1
80 7-2 7-6 - 52 0-090 0-132 -27-3
110 8-1 8-7 - G9 0-087 0-115 -24-2
140 8-84 9-3 - 49 0-082 0-108 -23-9
170 9-5 10-1 6-0 0-078 0-099 -21-0
suspension. In Tables | and Il the results so obtained are compared

with those reached from the summation of “ viscosity ” increments.

Tables 1 and 11 show that the results reached by the last method agree
moro closely with observed values than do the summations of viscosity
increments. The large error for the lowest rate of flow in Table Il is
probably due to inaccuracies in the experimental data, for it is most
difficult to make the measurements at the lowest rates of flow -with cer-
tainty.

A natural extension to the above hypothesis is its application to the
relationship between concentration and mobility for a single clay. This

99(7
gives log fis—Ilog 5, + j—( m . loga, where Cis the fraction by volume of solid

in the suspension and a is tho ratio of the mobility of a suspension with
1per cent, by volume ofsolid to the fluidity of water. Moderate agreement
with this equation was shown by the Stockolite data, and those for blue
shale 1. Alluvial clay G and blue shale J gave curves of a similar form,
and tho latter showed quite good agreement with the extended form of the
equation which makes some allowance for “ bound ” water (Fig. 5).

Stress Intercept.

The intercept on the stress axis obtained by extrapolating the stream-line
portion of the flow-curves has received a variety of names. It has been
called the “ static rigidity ” by Keen.12 Terzaghil3 criticized this, and
suggested “ shearing resistance.” Buckingham has used * shearing
strength,” and Bingham *“ yield value.” The significant physical factor is
tho critical shearing stress required to initiate flow as assumed in the
Bingham hypothesis. This is three-quarters of the stress intercept, and
in spite of the general application of the various terms to the stress inter-
cept, it would seem preferable to reserve them for the quantity which is
considered in the general theory. For the present purpose “ yield value ”
will be adopted, and taken as three-quarters of the stress intercept.

Where possible, extrapolation of the stream-line portion of the flow
curves was carried out, and yield values were measured, ranging from
zero up to several hundred dynes/sq. cm. The values varied widely for
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Curves | and Il represent the equation
9DC
= MARL- whore iA,is the fluidity of water
at 20° C., and ‘a’ has the values of 0'95
and 0-90 respectively. Curves la and lla
ma

represent the equation ip, — <val ~ ka, whore k
is the ratio of the effective volume of the
suspended solid to its actual volume and is
given a value of 1-5hero, and ‘a "has values
of 0-95 and 0-90 respectively. Curve Oshows
data for alluvial clay <3; /' for blue shale I ;
J for blueshaleJ ; S for Stockolite. Curves
O, I', and J are for capillary Il N, and
curve 8 is for capillary I N.
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the different clays, and increased rapidly with increase in concentration of
the clay.

Effect of Heating the Suspensions.

As a result of a series of measurements of the “ viscosity ” of muds at
different temperatures, Craft and Exner 14 concluded that for high con-
centrations and also for bentonites the &viscosity ” falls off with rise in
temperature up to about 60° C., and then increases at still higher tempera-
tures. These observations were made in a Stormer viscometer using a
constant dnving-weight; consequently any change in the “ viscosity ” of
this type of medium would be exaggerated. In addition, they do not state
what precautions were taken against evaporation losses; whether the one
sample was kept in the instrument throughout the series of observations;
whether the concentration increased during the series of observations; and
whether the viscosity ” at the initial temperature was unchanged by
heating and the same curve was obtained if the observations were repeated
in descending order of temperatures.

Preliminary attempts to determine a “ viscosity ~temperature coeffi-
cient for these clay suspensions led to some peculiar results when the
measurements were made in rising order of temperatures, but not so for
measurements in the reverse order, the same sample being used throughout.
It was clear, therefore, that some change was taking place which was unlike
the mere fall in viscosity with rise in temperature shown by true liquids.

A 16-69 per cent, suspension of clay N was divided into a number of
parts, each of which was heated to one of a series of temperatures, ranging
from 20 C. to 99° C, for a period of 7 hours. Evaporation losses were
prevented, and after standing over-night, the * viscosity ” of each sample
was measured at 20° C. The “ viscosity ” rate-of-flow curves as a whole
showed there was an increase in “ viscosity ” which attained a maximum
in the samples heated to 70-80° C., and for samples heated above that
temperature range the “ viscosity ” fell off. The flow-curves showed a
fairly distinct division into three parts, but the inferences from comparisons
of corresponding parts were similar. The stress intercept attained a maxi-
mum over the range 60-80° C., whilst the .. showed a continuous

mobility
increase up to the highest temperature used. Over the full range the

mobility Increased 14-18 per cent., according to the portion of the

flow-curves considered, and the maximum values for the stress intercept
were 34-52 per cent, higher than for the sample which was maintained at
a temperature of 20° C.

A 32-94 per cent, suspension of the same clay was heated to 55° C. and
the “ viscosity ” measurements compared with those of a 16-69 per cent,
suspension similarly treated. The percentage increases in *“ viscosity ”,

mobility” alkK*slress intercept in terms of the values for unheated samples

were much greater in the more concentrated suspension. Similar “ vis-
cosity increases were observed to have taken place in other clay suspen-
sions after heating to 40° C.
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Tests on a suspension heated at 45° C. for varying periods showed that
the change was probably complete after 6-10 hours. Finally, the per-
manence of the change was examined. For this purpose the 16-69 per cent,
suspension which had been heated to 90° C. for 7 hours was re-examined
after standing for a month. The results showed the change to be per-
manent.

It is clear that the hysteresis in the preliminary essays at measuring a
“ viscosity "-temperature coefficient was due to non-reversiblo changes
which set in in previously unheated suspensions. It follows, therefore,
that whether the * viscosity ” will appear to increase or decrease as the
temperature is first raised, will depend on the relative magnitudes of two
factors which, in these cases, operate in opposite directions for the lower
temperatures at any rate —

(@) A normal decrease in “ viscosity ” (with rise in temperature)
resulting from the decrease in viscosity of the suspending medium.
This is reversed on reducing the temperature.

(b) A change in “ viscosity ” due to the heating which isnot removed
on lowering the temperature, and, as far as the present measurements
go, is seemingly permanent.

This second factor will not appear in measurements made in descending
order of temperatures, provided that the “ viscosity” change has been
allowed to attain its maximum at the highest temperature used. If that
state has not been reached, the temperature coefficient may be exaggerated
if heating raises the “ viscosity.” On the other hand, for observations
made in rising order of temperatures on previously unheated suspensions,
an apparently low or even negative value -will bo obtained in the presence
of this factor.

The findings described seem to be at variance with those of the Burmah
Oil Company,15 but it may be that all clays do not behave alike. Yet, in
the absence of information regarding the experimental details mentioned,
the present work appears to offer a reasonable explanation of Craft and
Exner’s results.

Effect of Temperature on the Mobility and * Viscosity ” of the Muds.

According to Hatschck,18 the temperature coefficient of “ viscosity ” in
suspensoid sols is merely that of the dispersion medium. In contrast, the
temperature coefficient of emulsoid sols “ is always markedly greater than
that of the dispersion medium.”

For 10 and 40 per cent. Stockolite suspensions the relative changes for
the range 10-30° C. wore slightly less than for water. The same was true
of 20 per cent. Stockolite treated with 1-998 per cent, of caustic soda.

Two other clays were examined. Since their flow-curves -were not linear
in stago IV, but showed a small fairly uniform curvature, it w-as not possible

to measure the _B" in the usual manner. Consequently the data
mobility
were compared empirically. The mean slopes of the curves for similar

Vv
ranges of A (rates of shear) were measured, and from these the percentage



546 HOBSON : ITIRTHBB INVESTIGATIONS OF

changes in -¢kfflty for the intervals 40 - 20° C., 30 - 20°C., and 40 —

30 G. were obtained and compared with the values derived from the
equivalent viscosity-rate-of-flow curves and the viscosity changes for
water. The changes calculated from the flow-curves approached more
closely to those for water than did those obtained from the “ viscosity ”
curves. In the former case, for a 59-91 per cent, blue shale | suspension
the agreement was within a little more than 1 per cent., whilst for the 40-65
per cent, clay K suspension, which was probably more colloidal, the mean
change was about 4 per cent, less than for water.

A 37-63 per cent, suspension of clay Arhad a — X — at 55°C which

mobility

was 46 per cent, of its value at 20° C. The viscosity of water at 55° C. is
50 per cent, of its value at 20° C. Hence the change was slightly greater
than that for water.

A sound opinion as to the effect of rise in temperature on the stress inter-
cept cannot be given from the present data, for the flow-curves not being
linear in stage IV rendered extrapolation unreliable.

Ageing.

Hall 9found that “ the consistency of a clay slip changes during the first
two days, probably due to the swelling of gel colloids, and more on the
first day than in later periods. All the determinations with one capillary
must be made in one day due to the time effect on the consistency of the
slip.” Excepting the cases of the Stockolite suspensions, the “ viscosity ”
measurements here described have not been made on the day on which the
suspensions were prepared, and in only three instances—38-28 per cent.
blue shale L, 51-11 per cent, blue shale J, and an Aquagel suspension
were measurements carried out on the first day after preparation.
Naturally flow-curves were drawn only for data obtained on the same dav!

Stockolite suspensions of concentrations 20, 30, and 40 per cent, were
examined on the day of preparation and again after intervals of 35 days,
31 days, and 8 days, respectively, but no indication was found ofany change
in “ viscosity ” with age.

The increased effect of caustic soda and hydrochloric acid on Stockolite
as compared with measurements made within a short time of adding the
reagent has been noted.1 For soda-treated Aquagel small irregularities in
the curves frequently coincided with over-night intervals.

The suspension consisting of a mixture of 20 per cent. Stockolite and
2-925 per cent. Aquagel showed a very strong increase in “ viscosity ” or
decrease in mobility with age. Comparing measurements made within a
day or two ofits preparation with those made nine months later, the latter
revealed a “ viscosity ” increase of about 40 per cent, for observations
under similar conditions, and examination of the flow-curves showed that
not only had the mobility decreased, but the stress intercept had increased
by 3/-5 per cent. This suspension set ” slowly to a gelatinous mass with
well-marked solid and elastic properties, yet a few moments’ shaking
converted it into the original liquid with no signs of any “ solid ” lumps.

Some clay suspensions showed no important differences in mobility
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between being a few days and several months old, whilst others showed
considerable differences between being two or three days and ten days to
several months old.

It is possible that the “ viscosity ” increases are concomitant with slight
volumetric contractions, for a small increase in density was noted in a
suspension of clay Ii between being three days and seven weeks old.

Distribution of Particle Sizes, Surface Factors and Inferences from
the Chemical Analyses of some of the Clays.

An attempt was made to determine the approximate size distribution of
the particles in a few of the clays, and thus to arrive at an estimate of the
relative total surface per gram ofeach clay, with a view to finding whether
or not this factor gives a clue to the fluid and other properties of the suspen-
sions. The pipette method of mechanical analysis was adopted, using a
suspension containing about 2 per cent, by weight of solids in distilled
water. (The suspensions were prepared by diluting those used for
“ viscosity ” measurements, which were all several months old.)

The assumptions involved in the application of Stokes’ law to the
mechanical analysis of sediments are well known. The bulk ofthe particles
in a clay will be platy rather than spherical, and their “ effective radii ” are
the radii of imaginary spheres of the same material which would sink in
water with the same velocities as the particles in question. The specific
gravities of the particles probably vary a little, and there may be adsorption
of the suspending medium.

Fig. 6 shows the cumulative curves from which the size-distribution
curves were derived by graphical methods. Using graphical methods
again, surface distribution curves were obtained, and thence the relative
total surface per gram of each clay was estimated. In this estimation
the assumption was made that the particles were spherical and of uniform
specific gravity. The effective radii of the cumulative curve were em-
ployed. If the particles were laminar rather than spherical, their falling
velocities might be assumed to be, on the average, considerably less than
for spheres of the same weight. The normal method of using Stokes’ law
would mean that a single laminar particle would be represented as more
than one small sphere. Thus, whilst a laminar particle has a greater
surface than a sphere of equal weight, the fact that its lower falling velocity
leads to its interpretation as more than one small sphere will give a total
surface factor nearer the truth than the small spherical particle of equal
weight. Furthermore, if there is a fair degree of geometrical similarity in
the particles of the different clays, relative estimates will not be so seriously
disturbed by using spheres as the basis for calculation.

Joseph 17 has emphasized the importance of the silica®-sesquioxide ratio
as a guide to the plasticity of clays. The higher this ratio the greater the
degree of swelling and dispersibility, the more viscous the suspensions, the
greater the heat of wetting, adsorption of basic dyes and base exchange,18
the higher is the electrokinetic potential when containing a given cation,
in the absence of added electrolyte.19 (According to Smoluchowski’s
equation, the “ viscosity ” of a suspension is a function of the square of the
electrokinetic potential of the particles.) Mattson considered the hydration
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of the clay to increase with the exchange capacity—i.e., with the ratio of
silica to sesquioxides.

It will be apparent that these statements concerning the effects of silica-
sesquioxide ratios require some qualification, particularly with regard to
particle sizes.

In a few cases the fraction of a clay having a falling velocity of less than
1mm./sec. at about 18° C. was separated by elutriation and sent for analysis
under Dr. H. F. Harwood. However, three fractions embracing the whole
of the London clay were analysed, and the silica-sesquioxide ratio was
found to be highest in the coarsest fraction—a result to be expected, since
most quartz was likely to be present in it. Yet it was equally clear that
the finest fraction gave the most viscous suspensions. On the other hand,
practically the whole of the Stockolite and the Aquagel was finer than 200-
mesh I.M.M. (the actual size distribution was not determined). Stockolite
is a high-grade china-clay, and analyses of typical china-clays give the
silica-sesquioxide ratio as 1-13to 1-22. Data in the Aquagel pamphlet put
the ratio for that material at 2-26, and undoubtedly Aquagel formed the
more viscous supensions.

In Table 111 are listed a number of the properties of four of the clays
analysed. [Itisnotpossibleto give relative valuesto some ofthe properties,
and the clays can merely be placed in order in these respects.

Tavie I

Alluvial ! Mottled Blue
clay Q. Clay A clay M. shale J.

Decreasing order of “ viscosity ”-
producing power 4 3 2 |

Decreasing order of stress intercept-
producing power 1 3 4 2

Relative values of estimated total
surface per gram of clay . 6-7 6-3 10 2-8

Silica-sesquioxide ratio of fine frac-
tion separated by elutriation 1-89 2-99 2-82 2-42

The results of analyses put five clays in order of their *“ viscosity ’-pro-
ducing power, but a sixth was a marked exception. Furthermore, when the
relative values of the estimated total surface per gram were considered,
three clays fell in the order of their “ viscosity -producing power, whilst
the fourth was outstanding. It seems, therefore, that many factors may
have to be taken into accountin order to predict the *“ viscosity -producing
power of a clay.

Il. The Concentric Cylinder Rotating Viscometer.

Ambrose and Loomis 20used a concentric cylinder viscometer to examine

a 5 per cent, bentonite suspension. Briefly, their conclusions were as

follows : Ona curve where torque was plotted againstthe rate ofrevolution,

they found that when measurements ivere made at successively higher
PR
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In order to investigate the matter further, a simple viscometer was
constructed, consisting of two concentric glass cylinders, the inner one not
quite reaching to the bottom of the outer one and being capable of rotation.
A known weight of 80—20-mesh (I.M.M.) sand was added to a 4-19 per
cent. Aquagel suspension and shaken well. Some of the mixture was
poured into the viscometer, and a like quantity of the mixture was poured
into a twin apparatus, the inner cylinder of which was not, however,
rotated. When the material in the first instrument had been sheared for
40 minutes at 3-69 r.p.s., the material between the two cylinders was
removed in each case, and afterwards that within the outer cylinder but
below the inner cylinder was also removed. The percentage of sand in
each ofthe four samples was determined.

Tarile XV
Percentage of sand.
Sheared Unsheared
sample. sample.
Upper portion between the cylinders . 3-55% 7-70%
Lower portion below the inner cylinder 14-95% 6-10%

In a second experiment crushed oil shale (80-120-mesh I.M.M.) was
added to the Aquagel which was put in the viscometer. The dark colour
of the shale rendered the movements of the particles very clear. Again a
twin sample was set up, but not subjected to shearing. In the unsheared
sample there were no signs of sinking of the shale particles; merely a little
water separation on the surface of the Aquagel. In the sheared sample,
at low rates ofrotation of the inner cylinder, the shale particles sank along
spiral paths and accumulated just below the bottom of the inner cylinder
—i.e., just below the zone of shearing. No change was seen in the material
well below the inner cylinder. On raising the rate of rotation of the inner
cylinder, a speed was attained above which a new phenomenon appeared.
A series of parallel bands was observed in the suspension, towards the
edges of which shale particles could be seen moving quickly upwards and
downwards from the middle of the bands. These bands seemed to sink
slowly down the cylinder, but were ever replaced by fresh bands at the top.
No accumulation of oil shale was evident in the region below the inner
cylinder. Undoubtedly this was a turbulent condition under which the
particles did not sediment, whereas under stream-line conditions, which
must be realized for ordinary viscometric measurements, sedimentation
took place.

According to Barr,23 Taylor has examined the general case of con-
centric cylinder viscometers in which both cylinders rotate in the same or
opposite directions, and has obtained a formula which reduces to :—

n c-aP Ty
\{a + b)v2~ 0-0571/2 + 0-00056

for the case where only the inner cylinder rotates. Qcis the critical speed
of rotation of the inner cylinder for turbulence; v is the kinematic vis-
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cosity; a is the radius of the inner cylinder; b is the radius of the outer

cylinder; d=b-a;/ = 1- The formula assumes tj | |

small, but Lewis found critical speeds in excellent agreement with it up to

= 0-71. Accurate centring and mounting of the cylinders is essential,

and their lengths should be many times their diameters. When instability

arises, it is three-dimensional, outward radial flow occurring at intervals
of aBproximater 2d along the cylinders. This was about the width of
the bands observed here.

One very viscous clay suspension failed to give any signs of separation
although turbulence was not apparent, but a second showed sedimen-
tation, as is proved by the following data —

Table V.
Time of shearing or standing: 4 hr.
Rato of revolution of inner cylinder in sheared sample : 2-3 r.p.s.

Concentration.

Sheared Unsheared
sample. sample.
Upper portion between the cylinders . 100
Lower portion below the inner cylinder géégo//z - igg;?//g

Thus, although a concentric cylinder viscometer of the Hatschek type
would, at first sight, seem superior to capillary instruments, since thixo-
tropic equilibrium could be attained, in practice, in examining thick
heterogeneous clay suspensions, many difficulties arise. Lag, induced
sedimentation and the length of time needed for a fair definition of the
torque-rate of shear curve are among these, and its main value would
therefore appear to be for demonstrating the presence of thixotropy.

Ill. Determination of “ Yield Values.”

The intercept on the stress axis obtained by extrapolation of the part
ot the flow-curve representing essentially stream-line flow is a function of
the yield value as used in the Buckingham equation, being A of that
quantity. In a drilling mud the yield value is an extremely important
property. Its direct measurement, and the investigation of its changes
with time and other factors in thixotropic muds, are matters of no little
consequence. To examine these points seems rather beyond the scope of
the procedure used in the ordinary derivation of the stress intercept.

A number of workers have paid some attention to the direct measure-
ment of yield values, but it is not improbable that the factor examined in
some instances was not exactly that involved in the Buckingham equation
nor was it simply related to it. Meyer* used a thin plate which was
allowed to fall edgewise m the mud. Investigation showed that this
apparently simple method is fraught with many practical difficulties, and
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this is supported by the detailed work of Evans and Reid.25 The dis-
turbance of the mud by the falling plate is one undesirable feature. Evans
and Reid’s modification of the idea is an improvement.25 A method which
is capable of greater accuracy employs the twisting of the upper end of a
wire carrying a cylinder or vanes suspended vertically in the material
under test. This type of apparatus has been used by Sehwedoff,20
Hatschek and Jane,27 McDowell and Usher,28 Richardson, Evans and
Reid,25 Russell® and others. Some measured the angle through which
the torsion head could be turned before the suspended system began to
twist; others moved the torsion head through a large angle and recorded
the behaviour of the suspended system; a third group made observations
which were a combination of the two preceding methods.

In the present work both cylinders and vanes have been used. They
were made of brass, and the overall dimensions of the vanes were almost
the same as those of the cylinders. The cylinders or vanes were suspended
centrally in a standard beaker containing the mud under test, and were
immersed to a fixed point on the thin spindle connecting them to the
supporting torsion wire.

Cylinder : Length of cylinder 5-192 cm.
Diameter of cylinder 1-577 cm.
Length of spindle . . . . 2-575 cm.
Diameter of spindle 0-409 cm.
Length of spindlo immersed 1-180 cm.
Vanes : Length of vanea . . . . 5-164 cm.
Diameter of enveloping surface 1-569 cm.
Length of spindle . . . . 2-591 cm.
Diameter of spindlo 0-406 cm.
Length of spindlo immersed 1-196 cm.
Diameter of expansion carrying the vanes 0-900 cm.
Length of expansion carrying the vanes 4-700 cm.
Thickness of the vanes . 0-051 cm.

Six vanes were spaced equally around the circumference ofthe expansion,
and they projected equal distances at the two ends of the latter.

Container ; Mean diameter of beaker . . . . . G-77 cm.
Depth of filling . . . . . .6-87 cm.

Torsion wire : Length of torsion wire . . . . . 40-95 cm.
Diameter of torsion wire . . . . . 0-0274 cm.

To twist one end of the wire through an angle of one radian when the
other end was fixed needed a couple of 422 cm.-dynes.

The torsion head was twisted at a slow uniform rate (1° per second,
unless otherwise stated) by an electric motor working through a reduction
gear. The positions of the torsion head and the suspended system were
shown by pointers moving over circular scales. Since the torsion head
rotated at a uniform rate, it was usual to read the position ofthe suspended
system for every 10° of rotation of the former. The twist (angular dif-
ference of rotation of the top and bottom of the torsion wire) was plotted
against the total rotation of the torsion head. Such observations were
supplemented by noting the angle at which the suspended system began to
turn rapidly. Otherwise the maximum twist deduced could be in error
by almost 10°.

On account of muds not being true liquids, in pouring a mud into the
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beaker it was necessary to prevent the suspended system from being carried
out of centre Hence stops were provided to hold the pointer and the
suspended system in zero and central positions respectively, and the mud
was introduced through a T-connection with outlets on opposite sides of
the suspended system to assist in its uniform distribution.

Since the properties of a mud are a function of the mechanical treat-
ment and the time of standing, the need for careful control of these factors
m order to get consistent results cannot be too strongly stressed. Indeed
it would seem that to get the best results and to handle very thixotrouic
and highly viscous muds, a rather elaborate filling apparatus is desirable
I erhaps a piston which could be moved at a fixed rate to drive the mud
through a fine screen (to give a uniform breakdown), and thence via a
forked tube, such as is employed for dividing samples in agricultural
laboratories, would meet the case.

From the nature of the measurements, it might be expected that the
stress at which a cylinder begins to turn (or the plate ceases to move in the
shearometers) is likely to show affinities with the point A at which plug-flow
began in Scott Blair and Crowther’s flow-curves. When Scott Blairmade
this suggestion, Evans could offer no evidence to show whether it measured
A or the yield value, but observed that the results were slightly less than
would be expected from measurements of the yield value made by other
methods. The published data show A to be much less than the yield
va ue, and it is recorded that A is at the same point whether approached
from higher or lower stresses  This seems to imply that A is independent
of the time factor. Ordinarily the results obtained by twisting a cylinder
will not escape the inclusion of time effects.

How far the value of A depends on the nature of the solid surface is
uncertain, but it has been shown to be dependent on the condition of the
surface. Russell used a vane to eliminate “ the possibility of slipping ”
and it seems likely that the vanes measure a property more nearly* corn-
parable to the yield value than does a cylinder.

When the bob (bob will be used in speaking generally of the cylinder and
vanes) is immersed,up to a point on the spindle, two modes of yield at its
upper end seem possible, these depending on the depth of immersion and
the material under test, (a) yield along the surface of the upper end of the
bob and the surface of the spindle; (6) yield along a cylindrical surface
continuous with the surface ofthe enveloping cylinder, if the force necessary
would be less than that required to cause yield as in (a)

The systematic examination of a series of clays has not yet been under-
taken Iherefore the following results are merely intended to give some
idea of the behaviour of clay suspensions in the instrument.

Elasticity, Relaxation and the Yield Point.

., The b0M™ of note is that as the torque was increased, and before
the yield took place, the suspended system showed a small rotation which
was roughly proportional to the torque. Undoubtedly this was due to
elasticity in the mud. For the cylinder this elastic yield was usually about
3 per 100 of torque, and for the six-vaned bob approximately twice that
amount was common. Near the yield point the elastic yield increased at
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an increasing rate. If the rotation of the torsion head was stopped before
the yield point was readied, a limited relaxation occurred.

When the yield took place, the deflection fell. This fall was more rapid
for the cylinder than for the vanes, and usually faster the higher the yield
value and the more thixotropic the mud. In the case of the cylinder,
when it had been dried and allowed to stand over-night, the yield point
with a given mud was much higher than when it was dried and used again
within a few minutes. Consequently, for consistency the cylinder was
given a preliminary mud-wetting and drying before use. The vanes gave
the same value whether dried over-night or wetted and dried immediately
before use.

In general, with both the vanes and the cylinder the yield point was
higher the longer the mud had stood in the beaker. Thus for one mud the
times at which the experiment was commenced after starting to introduce
the mud into the beaker were 212 sec., 332 sec., 600 sec., and 1800 sec.,
and the corresponding yield points with the cylinder were 168-5°, 169-5°,
179-0°, and 196-5°, respectively.

An instance was noted where the yield point decreased with increased
time of standing. This may have been due to bistability of the mud.

Since the cylinder when dried over-night gave a high yield point, it was
decided to examine the effect of a relatively thick surface water-film.
Both the cylinder and vanes were used, first wetted followed by drying
in the standard manner, and then when dipped in water and not dried.
The results, as was to be expected, showed that the presence of a relatively
thick water film reduced the yield point with the cylinder (a 7 per cent,
reduction was noted), but it seemed that the water had little or no effect
in the case of the vanes. The indication is that the yield with the latter
is not at the main surfaces of the vanes.

A further test was made in which a thick water film was produced elec-
trically at the surface of the bob while it was in the mud under a torque
equal to about one half ofthe yield point expected under normal conditions.
The beaker containing the mud was lined with tinfoil and connected to the
positive pole of a direct-current supply. The bob was connected to the
negative pole (not via the torsion wire). The torsion head was setrotating,
and on reaching a torque which was slightly less than half the yield point,
the current was switched on. This set up electrophoresis,3L and the water
moved towards the negative pole, tho clay towards the positive pole. Thus
water accumulated around the bob. In two sets of experiments with the
cylinder the following results were obtained —

1(a) Normal yield point at 63-5°. Applied a torque of 31-5° and
then switched on a current of 0-6 amp. The torque fell almost
immediately to 3-4°.

1(6) Normal yield point at 71-0°. Applied a torque of 35-5°, and
then switched on a current of 1-0 amp. for a few seconds. The torque
fell to zero.

In the case of the vanes the results were quite different:—

2(a) Normal yield point at 119-5°. Applied a torque of 51-0°, and
switched on a current of 0-5 amp. for 50 sec. The torque fell only to
47°.
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Ab) Normal yield point at 115-5°.  Applied a tor<
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was always slower with the vanes than with the cylinder, and hence may
partly explain the inconsistencies.

Although no systematic investigation of different clays has been under-
taken, it is clear that the yield points vary widely for the different muds,
and they increase very quickly as the concentration increases. This holds
for both the cylinder and the vanes.

Table VII.
Cylinder : mud-wetted and dried immediately boforo each observation.

Beaker Started  Tempera- Yield

Material. filledin: expt.at: ture, °C.  point.
41-13% Blue shale | . 50 sec. 600 sec. 10-1 23-0°
51-79% ” 70 600 19-0 35-5°
34-04% Mottled clay M 00 600 ,, 22-0 12-0°
45-92% " " . . 1040 1200 23-7 158-5°
14-77% Clay N . . . . 56 600 ,, 16-3 72-0°
18-18% " . . . . 130 600 ,, 16-0 179-0°
29-15% Unweathercd London clay 70 600 20-2 61-0°
20% Stoclcolite with 2-925% of
Aquagel . . . . 60 ,, G0 ,, 17-4 10-0°
*5-36% Aquagol . . . . 400 , 600 256-0°

* (The cylinder was not given a preliminary mud-wetting and drying for this
observation.)
Table VIII.

Vanes : Mud-wetted and dried immediately beforo each observation.

Beaker Started Tempera- Yield

Material. filled in : expt.at: ture, °C.  point.
14-77% clay N . 55 sec. 300 sec. 18-0 109-5°
16-68% » . 50 ,, 300 17-9 192-0°
28-49% clay Q . 7%, 300 ,, 17-9 193-0°

For all the muds examined, the yield point with the vanes was higher
than with the cylinder. The ratio of the yield point for the vanes to that
for the cylinder apparently varied with the concentration of the clay sus-
pension, for at 900 sec. it was 1-37 for a 14-77 per cent, clay N suspension,
and 1-74 for a 20-35 per cent, clay N suspension, and at 600 sec. for the
former suspension it was 1-33.

The Effect of Varying the Number of Vanes.

The standard vaned bob had six vanes. Russell 3 used a glass vane
1-5 cm. square. Therefore the question arose as to whether the number
of vanes affected the results. A set of vaned-bobs was obtained which
were of approximately the same over-all dimensions and differed only in
the number of vanes—two, four, and eight. When used under similar
conditions with several suspensions the least yield value was obtained with
two vanes and the greatest with four vanes. The ascending part of the
curves of torque against the angle turned through by the torsion head for
the four- and eight-vaned bobs coincided almost to the yield point of the
latter, but the two-vaned bob showed a larger elastic yield and a less sharp
break.
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HOBSON :

Nature of the Curves beyond the Yield Point.

The ascending part of the curves and the yield point are not the only
features of interest. The nature of the curves beyond the yield point also

r™ I n ° ~ ;u(lid lias revealed at least one significant feature.

ns and Reid - noted that to obtain consistent valtues for the yield
point was rather difficult. They used a cylinder and applied the torque
by twisting the torsion head in steps of 5°. Presumably this was done at
equal time intervals. After the yield they found that the torque fell
rapidly to an almost constant value. (Their curve shows a slight fall as

andi t | o I Tlis Yahie’ °2>th°y found to bo more consistent,
renilitnw i Y n A tho true yield value. Their experiments
T v ' °'Ut figures. One reason for this will become apparent shortly.

in the present apparatus, as a result of the continuous rotation of the
orsion head tho extreme slowness of the initial motion when yield takes
place, and the inertia of the suspended system, the torque may attain a
value slightly m excess of tho yield point. There is little doubt that this
accounts, at least partly, for the descending part of the curve being steeper
with the cylinder than with the vanes, and the break being sharper with
t Te fonner. Also, due to its relatively high moment of inertia, the cylinder
may swingto a position slightly beyond that at which the torque and rigidity
of the mud would be in equilibrium. 1t is on this account that when an
accidentally high yield point is recorded the break is sharper, and the
suspended system swings to a lower value than usual. Hence a reciprocal
relationship between O (the yield point) and the value of 02 immediately
c the yield is to bo expected, although the variations in 0, will not
necessarily be so large as those in 0X

The present set-up is comparable to a concentric cylinder viscometer
employing very low rates of shear* Consequently when equilibrium is
reached the torque will be proportional to the “ viscosity ” at these low
rates ot shear. Indeed, m testing the apparatus with very viscous liquids
proportionality between torque and viscosity and between torque and raté
of rotation was found to obtain approximately.

In using the cylinder with muds, two quite different types of curves
were obtained In the first, the curve, after the rapid fall following the
un horizontal or declined a little to a steady value (Fig. 7).
When the latter was reached, equilibrium existed between the rate ofshear,
tho torque and the thixotropic condition. In a few instances the curve
lose slightly to a steady value, due to the cylinder having swung too far.

I he effect of different speeds on the final steady value is somewhat
problematical With a true liquid the torque at equilibrium will be pro-
portional to the rate of rotation, in the absence of turbulence. However
with a thixotropic material an increased rate of rotation increases thé
thixotropic breakdown, thereby reducing the “ viscosity.’” Hence, whether
increasing the rate of rotation increases or decreases the final steady
reflection depends on whether the tendency to increase the torque resulting
trom the higher speed is greater or less than the * viscosity ” reduction

rate moJinS relatively to the mud or other fluid, the torque and

stato A& YT HiklRh 08 fs bERACEd agdinst a #ii@%) facfgrtori "hen the cylinder is
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due to tliixotropic breakdown.* For similar reasons the effect of changing
the diameter of the container whilst the speed was kept constant gave
equally unpredictable results. These remarks are also applicable to the
vanes.

In the case of a Stockolitc-Aquagol suspension which was examined at
intervals of several hours or of a day and more, the position of the almost
horizontal parts of the curves rose -with the time of standing, but the
observations were not continued for a sufficient length of time to determine
if ultimately they would all attain the same value. There were signs that
such would be the case.

" AT\
\

/ \ Q

\

/ \% N

o

Angle Turned through by Torsion Head.
Fio. 7.

Cylinder mud-wotted and dried immediately before uso; rate of rotation of torsion
head—360° in 204 see.; standard beaker as containor.

Q—28-49% clay Q; beaker filled in 60 sec.; observation commenced at 300 sec.;
temperature 17-8° C.

jy—16-68% clay n ; beaker filled in 55 sec.; observation commenced at 300 see.;
temperature 18-0° C.

The second type of curve was a little unexpected, and was shown by the
more thixotropic muds. Some of Russell’s results 3 seem to indicate a
similar phenomenon. In this type of curve, at the end of the swing after
the yield the cylinder remained stationary for a period, with the result that
the torque built up. This continued until a second yield occurred (there
was a slight elastic yield as before the initial yield), and then the cylinder
turned rapidly. It halted again, and the cycle was repeated. The result
was a saw-toothed curve with asymmetrical teeth (Fig. 8 curve N). It
must be noted that the values at which these secondary yields took place
were much less than that of the initial yield. Often there were a few

* The exact nature of the yield with the cylinder has not been determined. If it
is the same as point A on Scott Blair and Crowther’s flow-curvos, then the subsequent
motion, provided it is not too rapid, will probably bo a slip involving only a thin
surface (water) film. However, when the rate of rotation exceeds a certain value,
relative motion will occur between adjacent thin annuli of mud. The fact that the
yield value increased when the diameter of the container was reduced, seems to show
that if it is a question of the rupture of forces across a thin surface film, those forces
are not independent of tho conditions existing within the surrounding mass of mud.
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of the maxima and m the amplitude, although there were
which the maxima rose a little and the amplitude increased at first Some
of the more thixotropic muds persisted in this form of curve aTfar is the

anlflithife DR \BBKSRIAG siiGRN0 in the and t~ d A ttl In

and bW Wy the CaUS(VOf this behavi°ur lies in the alternate building up
and breaking down of gel structure* The momentum gained bv th

cylinder after a yield carries it a little beyond the point which Would
odn.,ly g,e equilibrium. The residual torque is Lrfore £s Z n
that which correspond, to the instantaneous "viscosity” or to th! vieM
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occurs causing the cyllnder to move quickly again
borne of the lower concentrations of the materials which showed this

type of curve were found to give the saw-tooth, stop-and shp tSve for a
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the first type of behaviour (Fig. 8, curve iS is f

and period were so smaH that the saw-toothed nature of the curve was not

apparent with readings taken at every 10° rotation of the torsion head

St°p-and-slip motion 'vas observed. Generally this died

out quickly"11
fnnL Pi°nOmCnCm is,Cilfincd t0 the Mgber concentrations of clays and
NN S tsp SN sSfAa
°ee 10 glve a saw-toothed curve for rotation at 1°/sec
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The occurrence of the stop-and-slip curve is also a function of the rate of
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1M Which ifc died out>" intermediate speeds and S i
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A possible third type of behaviour was noted with a 45-92 per cent sms
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The vanes showed but one type of behaviour. After thcfSicfthe
torque fell rapxdly for a short time and then more gently, or gently all the
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A on Scott Blair and
tropy or some such phenomenon Tho foi™ 1 * atho”,are affected by thixo-
gCl struotu! has been used here,

but it must be undeitood to fmnlv

lated by Scott Blair and Crmvttop «e tP ?re-fs ncross the thin water film postu-
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of tho n¥am mud mass. ative movementof the adjacent aimuli
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time, until it came to an essentially constant value. Sufficient work has
not been done to be absolutely certain, but it appears that the ultimate
positions reached by the curves may be almost the same for the cylinder
and the vanes (the overall dimensions of the bobs and other conditions
being the same, of course), with the latter possibly a little the higher. The
final level is much slower of attainment with the vanes.

For a few muds the yield value derived from the stress intercept of
capillary-tube viscometric measurements has been compared with the
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initial  yield value ” deduced from the observations with the cylinder
but it was found that in spite of the time factor being expected to enhance
the value for the latter, it was still less than the former, tending towards
one half or less. On the other hand, the cylinder results do not seem to be
sufficiently different from those for the vanes to be sure that they are
merely a measure of the property indicated by point A on Scott Blair and
Crowther s flow-curves. It is probable that the more thixotropic the
material the greater will be the difference in level of the yield point and
the final value attained by the succeeding part of the curve. It is also
possible that the rate of rotation at which the stop-and-slip type of curve
appears may be a measure of the “ thixotropicity ” of the suspension.
Much remains to be done. One wonders how far the nature of the

material of which the bob is made affects the results; it is probable that it

vull have little effect in the case of the vanes. The speculations on those
points which involve the inertia of the suspended system might be tested
by using hollow cylinders, and the effects of different depths of immersion
also require investigation. How does a rise in temperature affect
the yield values ? Nevertheless, sufficient has been done to indicate that
this type of instrument, which can probably be adapted to give automatic
recording, will be of service in the examination of thixotropic suspensions,
and that the curves obtained will, on proper interpretation, give quite
a lot of useful information, provided that the time factor is carefully
controlled.

IV. Estim ation of the Amount of W ater “ Bound " by some

of the Clays.

An attempt has been made to estimate the amount of water “ bound ”
by some of the clays used in the viscometric and other measurements.
By bound water is meant that water which is associated with the clay
particles in such a manner as to be no longer free to exhibit those proper-
ties which are characteristic of ordinary or “ free ” water—e.g., it is unable
to act as a solvent and does not freeze at 0° C. % yet it is not consti-
tutional water. There may be no sharp line of demarcation between

tree and “ bound ” water, but an insensible gradation between mole-
cules of water having the normal activity of pure water and those the
activity of which is so reduced that they have become to all intents and
purposes a part of the solid on which they are adsorbed. 32>37>38 In
general, a number of methods are available for estimating * bound ”
water, and they are probably capable of differentiating between different
degrees of activity.

In the present work the method used by Dumanski33 was employed
with sucrose as the “ tracer.” It has been assumed that the presence of
the sucrose did not disturb the V'ater equilibrium in the clay-water system,
but no evidence is available regarding the validity of this assumption.

A known weight, of a standard sucrose solution (containing about
25 per cent, by weight of sucrose) was placed in a weighed super-centrifuge
tube, fitted with a celluloid cap to prevent evaporation losses. Finely
ground clay was added, and the amount introduced jwas determined by
weighing. A sample of the clay was heated to 110° C. to find the amount
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of water driven off at that temperature, whilst a quantity of the sucrose
solution was weighed and set aside to serve as a check on the strength of
the sucrose solution used. Sets of tubes containing different clays or
different amounts of a single clay were allowed to stand for a set time (for
most a period of six days was adopted), after which they were centrifuged
and then weighed to find the loss of water (if any) by evaporation. The
refractive index of the clear sucrose solution was measured in an Abbé
refractometer. The concentration of the sucrose was then obtainable
from standard tables, and together with the various weighings and the
concentration of the standard sucrose solution, enabled the amount of
“bound ” water per gram of clay to be calculated. Tests in which the
ground clay was added to distilled ‘water showed that any soluble salts
which may have been present in the clay had no, or a negligible, effect on
the refractive index of water.

The results obtained so far are not entirely satisfactory, nevertheless
they arc of considerable interest. It is probable that better agreement
will bo found if the sucrose and clay are stirred by a weighed stirrer kept in
the centrifuge tube, for some of the clays (Aquagel in particular) are very
difficult to disperse. Thus parts may not be properly wetted, leading to
low values for the “ bound ” water. Experiment seems to show that four
days, and possibly much less, arc sufficient to yield the maximum value
attainable without the more thorough mixing which will be achieved by
stirring.

Table IX.
Approximately 3 gm. of Aquagol wore used in each experiment, with 20 c.e. of
“ 25% ™ sucroso solution.

Time of standing. ‘““Bound *" water.

23 hr. 0-14 gm./gm. of clay.
04 0-28 »

142 ,, 0-29

213 ,, 0-15

202 ,, 0-28

310 ,, 0-27

Table X.

“ Bound ” water (gm./gm. of clay).

Using 5 gm. of clay. Using 8 gm. of clay.
Alluvial clay r 0012 0-012
Mottled clay m 0-039 0-127 0-006
Blue shale . . 0-065 0-048 0-065
Alluvial clay ¢ 0080 0-057 0-105
Clay « P 0053 0-053
Blue shales . 0-029 0-029
Alluvial clay H 0-039 0-118 0-003
Unweathered London clay 0-059 0-053 0-091
Shale P . 0-101 0-087 0-139
Clay S 0-093 0-081 0-123

A value of 0-022 gm./gm. was obtained for Stockolito.
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The facts that a measurable amount of water is bound by the clays,
and that the highest value is associated with Aquagel and the lowest,
with the exception of alluvial clay R, with Stockolite, seem significant.
If this “ hound ” water can be partly or wholly sheared off or distorted
under shear, it offers a possible partial explanation of the reduction in
“ viscosity ” of these clay suspensions with increased rate of shear. Whilst
the figures are suggestive, they require checking, and they are not of the
magnitudes which would seem consistent with some of the properties of
the clay suspensions. However, it may be that the sucrose disturbs the
clay-water equilibrium, or only reveals the most tightly hound water.
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Geology and Development.

1518.* Qil-field Waters of Wyoming and their Relation to Geological Formations.
J. G. Crawford. Bull Amer. Ass. Petrol. Geol., 24, 1940, 1214-1329.—This paper
gives tabular and graphic analyses of waters from the oil- and gas-fields of Wyoming,
oxcopting those areas whore lonticularity of bods, severe faulting, and other factors
have prevented free migration of water.

In the Rocky Mountain region oil-field waters are exceptionally low in concentration
as compared with other regions. The salinity of most Wyoming waters is so low that
little, if any, connection can bo made with connate waters. Analyses suggest that all
the oil-field waters of Wyoming have been considerably modified by the infiltration
of surface water.

Post-Chugwater waters are essentially solutions of sodium salts; pro-Chugwater
sediments, however, yield wator in which calcium and magnosium sulphates pre-
dominate.

| rontier waters are solutions of sodium chloride and sodium bicarbonate in varying
proportions, sulphate and alkaline earths occurring only as surface or drilling water
contamination.

Dakota Group waters are solutions of sodium salts, although they contain
appreciable amounts of sulphato. QOil from the sands of this group is obtained from the
deeper-seated beds whore a higher chloride water occurs.

Generally, Sundance waters are solutions of sodium salts and are similar, except
for concentration, to Frontier and “ Dakota Group” waters. The chief Sundance
sandstone is much more uniformly distributed than the sands of the Frontier and

Dakota Group, andisthe youngest formation water that contains hydrogen sulphide.

Ilho Chugwater formation provides a dividing line between the primary waters of
tho formations above and the secondary waters of the beds below. Chugwater
water is usually concentrated, and ranges from 30,000 to 50,000 parts per million.

I ho youngest subsurface waters are the Embar waters, in which secondary salinity
is prominent. Hydrogen sulphide is usually present, particularly in the waters
associated with black oil.

In most Tonsleop waters secondary characteristics dominate the chemical system,
with secondary salinity usually occupying 40-70%. Many Tensleep waters are
characterized by very low bicarbonate content, a feature which ordinarily enables
them to be differentiated from Embar water.

Madison water resembles Tensleep, except that it is usually marked by a somewhat
higher secondary salinity.

Twenty-four figures accompany the paper. G.S. S

1519.* Paleogene of Barbados and its Bearing on History and Structure of Antillean-
Caribbean Region. A. Senn. Bull. Amer. Ass. Petrol. Geol, 1940, 24, 1548-1610.__
bix-sovenths of Barbados is covered by Pleistocene reef-limestones known as Coral
Roek, which m the northern half of tho island has been elevated to form a dome-liko
structure reaching a height of more than 335 metros. The roof of the dome has been
partly removed by erosion. The remaining portion of tho island consists of older
formations underlying the Coral Rock. This region has been called the “ Scotland
District on account of its mountainous character with highly dissected ridges and
numerous ravines and valleys. It contains tho best exposures of the older rocks, and
these receive special attention from the author.

The oldest sediments in Barbados have been termed tho scotland form ation, and
this has been subdivided into a Lower (or St. Andrew’s Beds) and an Upper series.
The older beds, in which shales predominate, are regarded as Lower Eocene in age,
and tho younger, consisting mainly of sands, of Middle Eocene age.

Overlying these are the jones RrRiver Beds, consisting mainly of pebbly silts with
inclusions of hard greenish clay traversed by numerous cleavage planes containing
free inspissated oil. The rocks are derived from various parts of the Scotland formation,
although the greater part of the silts certainly originates from tho Lower Scotland.

Lying with a strong angular unconformity on those older bods is tho oceanic
form ation, and a general and detailed typo section is given of this formation occurring
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at Mt. Hillaby. It consists essentially of Radiolarian earth and maristono, has a total
thickness of 020 ft., and is Upper Eocone and Lower Oligoeeno in ago.

Bisscx Hill Marl. This was originally included in the Oceanic formation, but
is now regarded as quito separato and different from it, not only in lithological charac-
ters, but also in ago. Consisting chiefly of a yellow to orango-colourcd sandy Globi-
gorina marl, it has a thicknoss of approximately 50 ft. and is of uppermost Oligoeeno or
Lower Mioceno ago.

Correlation of all these bods with other parts of the Caribbean is discussed.

Tho paper concludes with a summary of tho geological history of tho Antilloan-
Caribboan Region, and it is considered that «jtiring Upper Crotaeoous and Eocene
timos a land or shallow-wator connection linked tho Caribbean and European Mediter-
ranean regions, a connection, however, which was brokon during tho Upper Eocene
orogeny.

A large correlation chart of the Tertiary and Cretaceous formations of tho Antilloan-
Caribbean rogion accompanies tho paper. G.S. s

1520.* Palaeozoic Limestone of Turner Valley, Alberta, Canada. W. D. C. Mackenzie.
Bull. Amer. Ass. Petrol. Geol, 1940, 24, 1620-1640.—Tho Palaeozoic Limestone,
commonly referred to as tho “ Madison lime,” and tho probablo equivalent of the
Madison in Montana, is responsible for practically all tho gas and oil production in
the Turner Valley Sold. It is correlated with the Rundlo formation of tho Banff
section and is of Mississippian age.

Tho main producing zones are tho upper and lower porous zonos of tho limestone,
both being dolomitic and crystalline. The extent of these is ostimafed in a profilo
which accompanies tho paper.

The porosity and permeability of the rock show wide variations from woll to well.
Such variations, duo to the presence or absence ofsecondary calcito intho porous
zones and to fracturesin certain areas, mako tho estimation of rosorvcs onthe volumetric
method deceptive. G.S. S.

1521.* Lower Ordovician Sand Zones (“ St. Peter ”) in Middle Tennessee. K. E.
Bom. Bull. Amer. Ass. Petrol. Geol,, 1940, 24, 1641-1662.—This paper discusses the
present status of the “ St. Peter ” in Tennesseo, and gives data and suggestions
concerning possible correlations with the standard Lowor Ordovician section.

A number of tho deeper wolls in tho Central Basin and Highland Rim areas of
Tennesseo have penetrated sandy zones in the Lowor Ordovician. Thoso zonos, which
average less than 10 ft. in thicknoss, are made up of subangular to well-rounded pitted
and frosted quartz grains associated with magnesian limestone anti dolomites and
ofton cherty material.

From an examination of thirty woll samples it is shown that (1) although sandy
zones do occur in the pro-Stones River rocks, no true quartz sandstones have been
proved ; (2) these zones definitely occur in the upper part of the Knox dolomite group,
thoroby fixing a Canadian ago for the “ St. Peter ” zone, and (3) that they do not
occupy a definite stratigraphieal position with referenco to established subsurface
markers. It is concluded, theroforo, that the “ St. Peter ” of middle Tonnosseo is a
sporadic development of sandy zones in the upper part of tho Knox dolomitic group.

Thus, since tho name “ St. Peter ” has become both misleading and confusing, tho
author recommends its rejection in tho Upper Cumberland district. G.S. S.

1522.* Tuscaloosa Discovery Heightens Oil Interest in Mississippi. G. Weber. oil
G asJd., 19.9.40, 39 (19), 62.— Commercial oil has boon found at 6,110-6,115 ft. in tho
Tuscaloosa at Tinsley, Mississippi. The overlying Eutaw and Selma are productive
at Tinsley and the Eutaw at Pickens. A number of wells havo penetrated tho Tus-
caloosa in Mississippi but few havo been proper tests.

The Tuscaloosa outcrops in South Tennessee, north-east Mississippi, and across
Alabama to Georgia. It dips south-south-west, and is within easy reach of the drill
in tho centre of the state. It is absent in the extreme west-central part. Tho
Tuscaloosa is predominantly sandy, but has gravol and pebble bods, and rod and
maroon mottled clay shalos are common. There aro lignite seams, but a marine
section is known in tho lower third. At tho outcrop in West Alabama the thickness
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is estimated at 1,000 ft. It thins northward to 270 ft. in north-east Mississippi.
Some geologists corrolato tho Tuscaloosa with the Woodbine of Toxas, whilst others
correlate it with the overlying Eagloford.

Only four closod Tuscaloosa structures have been drilled—Tinsley, Jackson, tho
Hatchotigbeo anticline and the Quitman fault structure. Tho Tuscaloosa is absent
on top of the Jackson structure, and a test showed oil in an igneous rock. On the
Hatchetigbee anticlino oil showings wero found in Tuscaloosa sands, but on tho Quitman
fault structure the Tuscaloosa showed no oil although there were impregnations in tho
overlying Eutaw. On the Midway salt dome of south Mississippi a well encountered
100 ft. of asphaltic sand in a sand correlated with tho basal Tuscaloosa. G. ). H.

1523.* Lolita Field One oi Texas’ Most Active. N. Williams. oil oas 3., 3.10.40,
39 (21), 16.—Up to 7th September, seventeen producing wolls had been completed at
Lolita. This fiold is expected to be quite good, and oil has been proved over an area
more than 1$ ml. from east to west and over J ml, from north to south without tho
edges having been defined. At prosont there are two producing areas, one round tho
discovery well and tho othor round tho second well about 1J ml. to tho west. The gap
between these is gradually being filled. There are indications that they represent
two local structures, or that they are separated by a major fault, for they havo
different water levels, and a definite gas cap has been shown so far only in tho western
area. Tho structure is apparently an oast-west anticline, with two producing sands
at 5900 ft. and 6400 ft. in tho Frio.

Tho discovery well had a potential of 335 brl./day of 34-gravity oil on a &-in.
choke. Production is restricted and development is on a basis of one well to 10 acres.

G. D. H.

1524.* Well Logs and Field Data of Prospective Oil Areas : Western South Dakota.
Anon. ol QasJ., 10.10.40, 39 (22), 8Sb.—A few wildcat wells have been drilled in tho
area covering western South Dakota and the adjacent States, but it is virtually
unprospoctod. Cretaceous and younger beds are at tho surface, except in the Black
Hills region, where all tho formations in the district outcrop together with the pre-
Cambrian. Small structures are known along tho Missouri river, and there is also the
Baker-Glendive anticline, which has given gas for years, and on which oil-shows have
been found in tho Madison and Jefferson limestones.

The Laneo Creek fiold of Wyoming is the most important oil-field in the area. It
yiolds oil from tho Dakota, Sundance, and other sands.

Drift renders the location of structure difficult, but thoro are doubtless favourable
structures. The absence of good reflecting horizons reduces the effectiveness of
geophysical methods. In all probability there are many unconformity and strati-
graphic traps, although the oil possibilities of some of the beds are somewhat dis-
counted by tho unfavourable feature of fresh water therein. G.D. H,

1525.* Well Logs and Field Data of Active Oil Areas—South-west Michigan. Anon.
oil GasJ., 24.10.40, 39 (24), 36n.—Muskegon, the first oil-field in South-west Michigan,
was brought in in 1927, and has given 6,700,000 brl. of oil from the Dundee limestone.
Sinco 1926 a number of fields havo come in.

Much of the areais covered with glacial drift, rendering tho determination of structure
difficult. Moreover, this factor has caused geophysical work to be only partly success-
ful. This area forms the south-west flank of the jMichigan basin, and is underlain by
the Mississippian. There is a series of sub-parallel anticlinal ridges on which tho oil
occurs. Tho main production is from tho Traverse (Devonian) limestone, but oil is
also obtained from tho Monroe and Dundee.

Tho area is not fullv prospected and may well yield additional oil-fields.

G. D. H.

1526.* California Experiencing Lean Discovery Cycle. Anon. oit Ivkiy, 30.9.40,
99 (4), 16.—No major additions to California’s crude-oil reserves have been made for
more than a year. Fiold extensions and deeper discoveries seem to hold out most
promise. The major-diseovery periods in California have run in cycles for 35 years.
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After each lean period a discovery cycla has added adequately to the diminishing
reserves. . S

The chiof exploratory intorest still centres on tho San Joaquin valley, which is
about 50% tosted. Doepor discoveries have carried production down to more than
13 000 ft* Geophysical work rovoalod twenty structures in less than threo years,
and seven of the first nine drilled gave oil or gas, but recent wildcatting has not been
so successful. Prior to tho discovery of Wilmington tho Loss Angeles basin was
considered to bo 90% prospected. Goophysical work has not been very satisfactory
in some parts of the basin. The present known reserve is but a fraction of tho
2,600,000,000 brl. of oil already produced.

Tho Santa Maria valley still remains an important oil reserve, but there, too, thero
has been a lack of discoveries. Tho Sacramento Valley is regarded as an important
potential oil reserve, although development has beon limited to tests which for the
greater part stopped short of conclusive depths.

New Eoceno production has beon devoloped on a nose or oxtension east of tho old
Coalinga field. Oil-bearing formations will probably bo found to a depth of more than
20,000 ft. at Ventura Avenue, tho Miocene not having been tested there.

Under present proration several years may bo required to obtain tho full return on
the discovery costs. Since 1920 about 3100 dry holes havo been drilled, and ono oil- or
gas-field has beon found for each fifty-three dry holes. The cost of finding a now field
has been more than 85,000,000, but tho average value of all fields found in that time
has beon sevoral times tho discovery cost.

A table gives tho production to tho beginning of 1940, the estimated reserves, and
proved acreage for all the fields of California. G-D-

1527* This Year Indicated as Third Most Active in Drilling. Anon. oil wkly,
7.10.40, 99 (5), 12.—In 1920 33,911 wells were drilled in responso to a §3 price for
crude, and 33,112 in 1937. If field work continues at the prosont level to the end
of 1940, about 31,000 now wells will havo been drilled in U.S.A. 23,445 wells had been
drilled thoro up to the end of September. Tho natural decline of Illinois has con-
siderably reduced tho threat of ovor-production.

Tables and diagrams give data about tho daily and monthly completions in recent
years. Marked increasesin well completions this year have been shown by Mississippi,
Indiana, Pennsylvania, Kansas, South Louisiana, Texas Panhandle, Most Central
Texas, Montana, Wyoming, lllinois, Oklahoma, Ohio, and New Mexico. G. 11. H.

1528.* Mississippi’s Potentialities still Undetermined. Anon. o1 IK-ljf, 28.10.40,
99 (8), 10.—In the twelve months following the discovery of Tinsley, exploratory
drilling results in Mississippi have boon disappointing on tho whole, for only one
further small field (Pickens) has been discovered. However, many of the wells drilled
have had a questionable geological background, and numbers of them havo stopped
short of decisive depths. Many of the Mississippi formations are irregular and
lenticular, and geophysical interpretation of the area has not been easy. About
75% of the geophysical work has been of little value because of the rush for quick

All throe of Mississippi’s major geological provinces seem favourable for oil and gas,
but production has boon established only in the central province. The Palaeozoic,
probably the Mississippian, may prove productive in the north-oast province, for there
are gas reserves at several points, and the Hartsell sand has several strong o. -shows
Tho central province gives oil from the Selma and Eutew, and tho Tuscaloosa at
Tinsley. The Jackson gas-field and the Pickens oil-fiold also he m this province.
The coastal province has many prospects, but so far has given no oil.

Geophysical activity has declined considerably during the last few months. Most
of it has beon done with the gravimeter and the seismograph. Features of relatively
low relief are now being sought. The Tinsley structure is believed to have been formed
by an igneous intrusion, with some salt fiowago over it. It is essentially an anticline
with extensive cross-faulting. The oil reserve is put at 25,000 000 brl., exclusive of tho
Tuscaloosa. o etaits are given of the various producing sands.

Pickens gives oil from the Eutaw. Tho closure is only 120 ft. G.D. H.
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1529.* Measurement of Compressibility of Consolidated Oil-bearing Sandstones. C. B.
Carpenter and G. B. Spencer. U.S. Bur. Minos. Report of Investigations No. 3540.
October 1940.—1t has long boon apparent that subsidence of ground surface overlying
producing fields does take placo as a result of subsurface mining operations, and tho
opinion has boon expressed by many engineers and goologists that the weight of earth
formations overlying oil-bearing reservoirs causes compression and compaction of
the resorvoir sands and rocks as oil and gas are withdrawn from them. A large number
of oil-producing rocks aro sandstones, consolidated by natural cementing materials, but
hitherto few experimental data have been available concerning their compressibility.

This paper embodies tho results of studios of subsidence in certain Toxas Gulf
Coast oil-fields and of experimental work undertaken to determine reduction in
volume and compressibility of consolidated oil-bearing sandstone cores under pressures
up to 8000 Ib. per square inch.

During tho eourso of these investigations attempts ware mado to reproduce as nearly
as possible conditions and forces in operation in a petroleum resorvoir as oil and gas
aro withdrawn. Results showed that in so far as the rocks tested were concerned, a
differential hydrostatic pressure of 8000 Ib. per square inch caused a maximum re-
duction of 1-084% in gross volume and a maximum reduction of 3-608% in pore space.
Thus it u'as deduced that compressibility was not sufficiently large materially to
influence estimates of reservoir-content and ultimate recovery. Maximum pressure
applied during these tests was oquivalont to the normally contemplated differential
pressure in wells at a depth of 14,134 ft. As most wells in this field do not exceed
8000 ft. in dopth, it was concluded that maximum compressibility of the oil-bearing
rocks could safely be ignored.

Finally, the hypothesis was advanced that subsidence of ground surface overlying
oil-fields is in many cases due not to changes in volume occurring within tho reservoir
itself as oil-and gas are withdrawn, but results from dehydration and consequent
shrinkago of shale-beds adjacent to oil-bearing reservoir rocks. H, B. M. «

1530.* 525 Million Barrels in Sight in Illinois. G. F. Moulton. world Petrol., Juno
1940, 11 (6), 30.—Since March 1940 tho daily production of Illinois has exceeded
425,000 brl., placing the State third to Texas and California in oil output.

The Illinois basin has groat thicknesses of marine sediments which have been only
slightly disturbed by folding. Beneath glacial drift are Pennsylvanian and older rocks.
The Mississippian is variable in thickness, and the Chester series has seven productive
horizons. In the lower Mississippian limestones predominate, and oil is obtained
from tho McClosky and St. Louis limestones. Limestone in the Upper part of tho
Devonian has proved productive. Other deeper horizons are expected to yield oil,
including basal Devonian sandstones, Silurian dolomite, the Trenton limestone and
the St. Peter sandstone.

The old eastern Illinois fields are on tho La Salle anticline, and the fields of the
Contralia district are on tho DuQuoin anticlino. There are other anticlinal trends
with local highs giving oil accumulation. Related to the Rough Creek fault is an
east-west fault zone, tho oil prospects of which, however, do not seem as good as olse-
where in Illinois.

Most of tho Illinois fields are associated with anticlines, but in tho sandstones
lonticularity does play a part, and porosity conditions in the limestones aro similarly
important.

Many formations remain to bo tested. That part of tho basin east of tho DuQuoin
anticline seems very favourable, although many of tho structures aro relatively small.
Stratigraphical traps may bo important immediately west of the eastern fields. On
1st Juno, 1940, estimates placed the resorves at 525,000,000 brl., with 75% of the total
in fields on the western side of the Illinois basin. At present discoveries are keeping
pace with production. Much depends on tho results of testing the Trenton in the
Centralia district and on tho investigation of the Devonian limestone in the old eastern
fields- G.D. H.

Geophysics.

1531.* History and Development of Seismic Prospecting. B. B. Weatherby. oeophys.,
1940, 5 (3), 215-230.—A briof survey is made of tho early work from the time of Mallet
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in tho 1840’s until 1914, when Mintrop applied for his patent covering refraction
profiling. The Seismos Gesellschaft started work in Mexico in 1923 and in the Gulf
in 1923-24 Fan-shooting was developed in the Gulf on account of tho great difficulty
of interpreting profiles. Electrical dotoctors and amplifiers were developed in 1926,
as was also the use of radio communication botweon shot-point and detector, lliese
improvements made tho. instruments many timos more sensitive than tho German
mochanical typos, and greatly increased speed and roduced costs. There resulted a
period of intense activity in tho Gulf, accompanied by the discovery of many domes.
The method had little success in California, however, mainly because of the absence
of high-speed uplifts, such as salt, which could bo discovered by fan-shooting. Ro-
fraction profiling was partly successful in tho w est Texas Permian Basm .

Tho reflection method developed from tho use of artificial seismic waves for depth-
finding  Successful experimental work was carried out in 1921, and one of tho first
reflection projects was on tho Nash Dome in 1926. In 1927-30 successful work was
carried out on tho Seminole plateau of Oklahoma, using the Viola Lime as marker.
Dip-shooting was devoloped in the Gulfin 1929. Since then considerable improvements
in instruments and technique have been mado, and the number of reflection crews in
tho U S A increased from four to about 250 in 1937, but no changes of a fundamental

nature have boonmade. Tho development of tho reflection method has been entirely
American.

1532 * Brief History of the Gravity Method of Prospecting for Oil. E. A. Eckhardt.
Geovhiss., 1940, 5 (3), 231-242.—Tho early gravity measurements were made by
pendulum. The first gravity survey for oil was probably that made by Eotvos
Balance over the Egboll (Czechoslovakia) field in 1916. The first torsion balances in
tho U.S.A. were imported in 1922, and tho first oil structure discovered by the method
was the Nash Dome in 1924. An intensive campaign of torsion-balance surveys
followed, and this lasted until tho end of 1936. After that it fell off, and the amount
of torsion-balance work now being done in the U.S.A. is negligible.

Pendulum measurements and anomalies observed m mountainous areas led to tl o
theory of isostasy. The first pendulum survey for prospecting purposes was carried
out in Kansas and Oklahoma in 1925-26. Improvements designed to increase pre-
cision led to tho development of minimum-period pendulums constructed of fused
auartz However, whilst the pendulum lias tho advantago of speed and msonsitivi y

to local surface irregularities as compared with the torsion balance, the best equipment

has a probable error of 0-25 mg. in routine work and requires considerable skill to
operato it.

As a result, tho gravimeter was developed, and the number of gra-wmoter
parties in the field of stations observed havo rapidly increased. &

1533.* Typical Electrical Prospecting Methods. W. M. Rust. Geophys.,
943-249 —The measurement of natural earth potentials, apart from its use in electi ¢
well logging, is more applicable to the search for metallic ores than”petroleum. The
basic direct-current method is the equi-potontial map method, ¢
cations of this are in use. Low-frequency altemating-curront methods are essentially
tho same as direct-current methods. L., L i
Sundborg’s electromagnetic method, in which the field is induced by moderntoy
high-frequency alternating current, has been successful in prospecting for ores,
has not received general approval in potroleum prospecting.
Many experiments have been made, especially in Germany on the use of radio
waves for prospecting. Theory indicates that, except m very and regions, the offective
depth of penetration is very small, and at present there is not sufficient data to justify

°PTmnsieGtm ethods involve the use of a rapidly changing directcurrent ~eoreti-
cally these methods should give all the infomnation which can be supplied by °‘ectncal
methods, but, in general, they have received no wider acceptance in petioleum p o -
nootini? than the other electrical methods.

The most favourable sign for electrical prospecting for petroleum is the evidence
which is accumulating to support the theory of secondary effects in the upperstrata
over a deposit of oil and gas.
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1534* Fifteen Years of Geophysics; a Chapter in the Exploration of the United States
and Canada, 1924-39. J. B. Macelwane. ceophys., 1940, 5 (3), 250-258.—Discovery
of oil-boaring structures by goophysical methods began in 1924, and opened a now ora
of geophysics in America. 1925-29 was a period of rapid expansion of seismic re-
fraction reconnaissance. The reflection method was introduced in tho Mid-Continent
in 1929, and its uso became general in the Gulf Coastin 1932. Tho magnetic method
eamo into extensive uso in 1927, but its popularity for oil work has waned since 1930.
Tho application of gravitational methods falls into two periods : the torsion balanco
ora from 1924 to 1937 and tho gravimotor era from 1938 to tho present. Electrical
methods havo been most useful in tho mining field. S.E. C

1535.* A Perspective of Exploration for Petroleum. E. E. Rosaire. cGeophys., 1940,
5 (3), 259 27i.—Tho first prospecting technique was based on the recognition of visible
seeps of oil and gas, and was rational and direct. Its exhaustive application led to
diminishing returns. Geological prospecting followed, and resulted finally in structural
prospocting. then diminishing rotums again ensued. Geophysical prospecting,
which appeared on the scene in 1923, finally took on an aspect of structural prospocting
and led to a renaissance of that method. In both its geological and geophysical
aspects it is a rational but indirect method. Its exhaustivo application is leading to
diminishing returns. Tho succoss of the structural method has stifled the natural
development of geochemical prospocting from geological prospocting, and has directed
geophysical prospecting into an unduly narrow path. Geochemical prospocting,
which doponds on the chemical and physical measurements of one or more of the
geochemical manifestations of a petroleum deposit, is a rational and direct approach
to potroleum exploration and, in its turn, will revolutionize prospecting to at loast the
extent of the previous methods. S.E.C.

1536.* Some Neglected Aspects of Chemical Exploration. R. T. Sanderson. Gceophys.,
1940, 5 (3), 284-294.—Soil analysis, to bo of value, should measure tho concentration
of hydrocarbons leaking to tho surface. Tho difficulties in making such measurements,
as distinct from merely detecting the presence of hydrocarbons in the soil, aro indicated,
and it is pointed out that in tho first place tho accuracy of the analysis is not certain
and, secondly, that on account of differences in soils and conditions of sorption, the
interpretation of such results is oven more difficult. Tho solution of these problems
may bo very difficult, and it is suggested that a return to tho earlier method of soii-gas
analysis would overcome many troublos. S.£ ¢

1537.* Partnership between Geology and Geophysics in Prospecting for Oil. E. A.
Eckhardt. Gceophys., 1940, 5 (3), 209—214.—The presidential address at a joint
mooting of the Society of Exploration Geophysicists and tho American Association of
Potroleum Goologists,

A mutual understanding, at present insufficiently dovoloped, should oxist between
goologists and geophysicists in order that- tho two sciences may bo co-ordinated and
produce the best results. In the past, geophysical data have been better than tho
use ‘which has been made of them. The success of geophysical prospecting depends
on tho co-operation of executives, geologists, and geophysicists.

The best results in research and development aro to be obtained by judicious and
continual transfer of men between fiold operations and research and development
work. g Ec

1538.* Well Logging by Radioactivity. IV. G. Green and R. E. Foaron. Geophys.,
1940, 5 (3), 272—283. Tho amount of radioactive material deposited in a sodiment
depends on the nature of tho fragments of primary rock and on the remains of small
marine organisms which are deposited. It is believed that certain micro-organisms
have tho ability to concentrate radioactive elements. In general, therefore, a higher
radioactivo level is to be expected in shales than in limestones or sandstones. More
important, however, is tho fact that tho levels of radioactivity in any one section carrv
over a considerable area.

There is evidence which indicates that tho gamma-ray method of logging may prove
to ho better than any other method for tracing the continuity of strata over long
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distances. Definite contrasts con bo observed in simlos, and unconformities can be
located without reference to other wells. It is possible that the samo may bo true of
faults.

The recording apparatus is based on the measurement of gamma rays by means otan
ionization chamber. The penetrative power of gamma rays is so great that logs can
he made in wells lined with two or three strings of casing of normal thickness i o

i. O.

1539.* Formulas and Curves for the Interpretation of Certain Two-dimensional
Magnetic and Gravitational Anomalies. H. H. Pont/.. ceophys., 1940, 5 (d), -
306.—Two cases are considered : tho two-dimensional “ dike ” and tlio two-dimensional
“ stop Curves arc given which provide an easy solution of anomalies duo to such
structures. S* C*

Drilling.

1540* Drilling in Trinidad. R. G. Bennett. petrol, Engr, Octohor 1940, 12 (1),
58.—Rotary rigs are used on all drilling operations in the southern portion of Jnrudad,
where most of tho oil is at present found. These rigs rango from tho heavy-duty,
four-speed, locally-unitized, old-hpadboard typo, Diosol rigs to small 1500-ft. gasoline-
driven rigs. , ,

The average depth of most wells is between 3000 and 4000 ft., although good
production has been obtained from shallow depths of 1000-1500 ft. Tho deepest well
drilled was slightly in oxcess of 10,000 ft. in depth.

The time taken to drill theso wells is somewhat long, becauso of steeply dipping
strata and frequent changes of formations, making it difficult to maintain a straight
hole. Tho holos aro, however, almost vertical, and tho maximum deviation is not
moro than 3° off at bottom of 3000-ft. wells. Frequent round trips aro necessary for
changing bits where thin, hard strata aro met intermediate with clays and sand,
and this adds considerably to drilling timos.

The mud problem is a difficult ono, hut a central mud system, with spemallzed mud
engineers in constant attendance and control, appears to have solved it. Any typo
of mud as regards weight and colloidal properties may be obtained from theso central
plants at any time during day or night. The mud enginoer is entirely responsible for
tho typo and weight of mud to be used on tho various rigs. This fact gives confidence
to tho driller and helps hotter drilling practices. Mud weight of 110 Ibs./cu. ft. is
Lésual, and on heaving shales being mot tho weight is sometimes increased to %\-OTbs./cu.

1541.* Cementing Casing Under Adverse Conditions. W. A. Sawdon. |’riroh nngr,
Octohor 1940, 12 (1), 67.—Tho papor doals with cementing practices and difficulties
mot on oilfields which are outside tho U.S.A., where supplies and tools aro limited in
variety, and where ingenuity and skill must fill tho gaps thus created to obtain success-
ful cementing jobs.

Tho properties of cemont and the effects of such variables as tho water-cement
ratio, temperatures and pressures on tho sotting time and the strength of the cement
aro discussed. Increasing the wator-cement ratio will lengthen the thickening timo
considerably, and it is frequently possible to use a ratio that will give tho necessary
thickening rate without excessively decreasing tho ultimate strength of the cement..
Tho effect of pressure on cemont is favourable under almost every condition, and is of
particular advantage when high water-cement ratios have to bo used. The extra
requirements for water when using bentonite with cemont aro discussed. ;'us a
widoly used water-cement ratio for neat cement is 5-5 gals./sack of cement; but if
51b. of prepared bentonite is to he added to make a gol-cemont, tho total water content
in the mix should bo about 8-5 gals./sack of cement. Mixing heavy materials with
cement to increase its weight is not a general practice, but a recent admixture consists
of a treated metallic substance which tends to impart mobility as well as weight to the
slurry.

Vayrious methods of cementing aro described and illustrated, and tho problem of
removing the mud sheath from tho walls of tho hole is discussed. A.H.A.
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1542.* Mud Characteristics and Drilling Efficiency. W. A. Sawdon. vpretrol. Engr,
Octobor 1040,12 (1), 90.—Tho study of mud characteristics and application is becoming
increasingly a province of the chemical engineer, as mud control embraces the use of
many chemical ingredients to obtain tho appropriate mixture. Tho paper discusses
tho weight and colloidal requirements of drilling muds and methods of testing and
controlling them.

After a review of tho qualities and tests required, it is concluded that these vary so
much throughout tho fields all over the world that no gonoral rule could bo formulated
for mud control in every case. Complete testing and conditioning are not always
possible, but there are certain qualities of the mud that should bo given greatest
consideration after evaluating tho importance of the different properties. Even the
transportation of tho basic clay, the mixing, and other factors are often serious problems
in certain remote districts.

In controlling one property of tho mud—say weight—it must not bo forgotten that
other qualities in the mud may have. a definite bearing on that property—weight in
this case—to make it effective. Thus in many fields greater weight is probably used
than would be necessary if other properties of the mud were properly maintained.

In addition to tho usual tests, which are discussed, the sand content should sometimes
bo determined. Tho sand content is usually reported in volume % of approximately
200-mosh sand. The salt content of tho fluid is sometimes determined by titration
with silver nitrate and reported in grains/gal. A.H.N.

1543.* Clean-out Devices Actuated by Hydrostatic Pressure Facilitate Fishing Opera-
tions. W. A. Sawdon. vretrol. Engr, October 1940, 12 (1), 109.—Hydraulic bailers
aro studied, with particular regard to their use for fishing out small objects from tho
bottom of a well. Each bailer or fisbing-tool consists in general of an air- or suction-
chamber containing air at atmospheric pressure; a means for suddonly opening a
valve into this chamberwhen tho tool has reached the desired position ; aload-receiving
chamber, and a bottom in which is positioned a flapper-valve to hold tho load until
tho equipment returns to the surface, where it may bo dumped. Tho working of the
tool is detailed and illustrated.

~Three general designs aro described : the rod, tho disc, and the valve-section typos.
Tho bailor was originally designed for removing sand, mud, and other detrital material
from the hole, but is now further used for fishing and for perforation-washing. Tho
perforation in wire-wrapped screen is usually so small that it is almost impossible to
pull sand from behind it. It is thoreforo necessary, to drive the sand away from tho
wall of tho liner. This can be accomplished by allowing tho air-chamber to fill from
a point abovo a packer supported by slips. The fluid column is thus given a velocity
downward, and this velocity is suddonly chocked when tho air-chamber is filled.
Tho pressuro waves set up in tho fluid are stopped at the packer and diverted through
the screen against tho formation. A.H.N.

1544.* Pre-packed Liners Broaden Scope of Gravel-Packing Applications. W A
Sawdon. petrol. Engr, Octobor 1940, 12 (1), 118.—Tho method of packing liners
with gravel by circulation after the pipe is set in placo is briefly described and illus-
trated. The pre-packed liner is run into tho well in lieu of conventional slotted,
perforated, or screened pipo. It can bo set opposite ono or more productive zonos,
and intermediate strata in multiple-zono completions can be cemented off. Gravel-
packing by either method is used where tho well is making too much sand.

hour designs of pre-packed linors are described. A rocont typelis mado with a
drillable metal gravel retainer supplied with vertical slots. This type has drillablo
metal end-collars, which are not welded to the pipe but aro attached by set-screws.
It is particularly adaptable for use on flush-joint liners. The purpose of the drillablo
metal outer covering is to provide for drilling-up with wash-over equipment if subse-
quent conditions make it desirable.

Gravel size should be governed by the formation sand, and it has been the practice
either to analyze the sand at tho well or to send it to the manufacturer of tho liner.
Outside the U.S.A. the size of tho gravol mostly used has been from 0-093 to OTIO-in.
or 0-110 to 0-131-in. In California gravol of smaller sizo has been used, with tho
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smallest reported being 0-075 to 0-093-in. All gravel should have high strength, bo
acid resistant, and of proper size and shape.

Dimensions and otlior details aro givon for setting pro-packed linors and cementlng
intermediate formations. A.H.N.

1545.* Close Control of Vertically Reduces Drilling Time and Cost. W. A. Sawdon.
petrol. Engr, Octohor 1940, 12 (1), 123.—One of tho principal objectives of controlled
vertical drilling is to obtain tho use of the most officiont speed and weight on tho bit
over the greatest possible percentage of tho total depth to which the hole is being
drilled. Tho control is accomplished by using accurate instruments for indicating
tho weight carried on tho bit, the speed of rotation, and the mud-pump pressuro,
and by frequent, properly spaced, accurate chocks of the inclination of tho hole.
Cortain operators during tho last two years havo increasod tho rotating speed and
reduced the weight, with a resultant increase of hole-making speed and less tendency
to deviate from the vertical. Procedure for inclination readings determination is

Citing a deep well as an example of controlled vertical drilling, ono such well that
was drilled to a depth of nearly 13,000 ft. in California was eomplotod with a maximum
deviation of only 1° 15°, and with tho final reading taken at 12,000 ft. recording zero.
It is beliovod that this well at this great depth was eomplotod within tho area directly
below the derrick floor. Details of weight on bit and procedure of drilling and control-
ling tho doviation of this particular well aro given.

Duo to the fear that long drill-collars may flex, certain operators profor to uso
stabilizers below and above a comparatively short drill-collar to attain a vertical hole.
If the well is brought back to vertical after only small angles of inclination, trouble is
generally a minimum, as tho drill string acts as a plumb bob. A.H. h,

1546.* Purpose of Drilling Fluid Used in Rotary Wells. H. F. Simons. oil cas J.,
26 9 40, 39 (20), 46-48.—There can be no all-purpose drilling mud, hecauso the tasks
imposed on tho mud are different in each well and with oach operator. In ono case tho
mud may ho designed primarily to increase the rate of penetration, in another it may
he to provont blow-outs, and in a third case it may ho to prevent caving. Tho best
mud in any case is tho ono which will allow drilling to proceed as rapidly as possible
with the minimum possibility of trouble.

Tho tendency at this time is to develop a mud plan for each particular field, the
objects being to reduce tho cost and time required to drill a well and the elimination
of difficulties wliilo working in tho liolo. The problem is strictly an economical one,
although all the items involved aro difficult to evaluate.

In addition to tho primary purpose of tho mud to removo cuttings from the holo,
tho mud must also : (1) prevont blow-outs; (2) keep tho fluid from entering tho
formation penetrated; (3) suspend tho cuttings in the hole whilo the pump is shut
down; (4) oliminate caving of the holo; (5) reduco tho weight of the drill-pipe or
tho casing to bo handlod by tho hoist; and (6) clean, cool, and lubricate the bit.
Sottling of tho cuttings from tho mud in the pits must also ho easy. Theso items aro
briefly discussed. i . . L . -u

Mud systems and typos of pits are discussed in greater detail, and a diagram illus-
trates ono typo of mud-pits with a baffio which forces the mud to go underneath it.
Tho carrying powor of streams is stated to bo in proportion to tho sixth power of tho
speed, but in actual practice is often found to vary more nearly with lower powers,
ovon as low as tho square of tho speed. Yet oven at theso low carrying powers speeds
should evidently be as slow as possiblo in pits if sand and other cuttings aro to bo
removed. 1
1547.* Surface and Mechanical Factors Affecting Drilling Fluids. H. F. Simons.
oil ¢ asJ., 10.10.40, 39 (22), 88.—In this second of a scries of papers on rotary drilling
muds, mechanical equipment used in preparing and maintaining adoquato mud
supplies is discussed, together with tho quantity of mud needed and the work of the
mud pumps and factors affecting tho quality of tho mud.

Tho uso of jets in pits is illustrated and tho addition of water to mud is treated in
detail, with particular emphasis on the harm done by allowing the mud to loso too
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much water and then adding considerable quantities of fresh water in sudden and
excessive operations. Degassing muds should be done by a positive and an indepen-
dent method, and not, be left entirely to the screens. Similar studies are made and
tcautions given regarding the colloidal material of tho mud and its control and main-
enanco.

The hopper-type mud-mixers are fully described and a drawing is given of a typical
unit In adding admixtures to the mud via the mixers, tho rate of addition should bo
as slow as practicable, and not in sudden batches of excessive quantities.

The quantity of mud circulated in tho system will depend on the size and condition
of the pits and depth, sizo and condition of the hole. A formula is given for calculation
purposes. Similarly tho power required by the pumps is discussed and typical figures
of pressures are given.

A bibliography is appended. A H N

1548.* Bulk-Type Oil-Well Cementing. Anon. ol w kiy, 30.9.40, 99 (4), 20-21.__
This new method of handling, storing, and transporting cement to tho wellsis presented
pictonally with short explanations. Several advantages are claimed for it. Spoilago
of the cement by weather during the period it was formerly stacked in sacks on tho
ground at the well location is eliminated, as is wasto due to breakage of sacks while
It is claimed that bulk cementing provides more uniform and

mixing the cement.
faster rate of feeding into the mixer than is possible by the conventional method. Tho
equivalent of 1500 sacks of cement wore mixed in a certain case in 311 min.

A. H.N.

1549.* Increased Foundation Height Eliminates Drilling Cellar. Anon. oil w«kly

.10.40, 99 (6), 24—25.—Tho derrick floor is 14 ft. above a heavy concrete mat which
acts as a ground-levol foundation in this typo of rig which has no collar. Tho concrete
mat supporting tho derrick and substructure is 14 in. thick, and concrete piers support
tho engine foundations.

An advanced feature on the derrick floor is the use of an hvdraulie-type brake which
disengages while drill-pipo is being pulled out from tho hole’; thus saving brake lining
and shop-work on the drum-shaft.

All blow-out equipment is above ground level, and this constitutes a marked
advantage over those installed in cellars. A H N

1550.* Directional Drilling. W. A. Sawdon. vrpeirol. engr, October 1940, 12 (1)
42 —Directional drilling is omployed for two general purposes : (1) for drilling new
wolls which cannot bo located directly above tho desired completion point on tho
productive zone because of economic, topographical, or structural conditions: and
“tku ""»conditioning or bringing back to production old wells by abandoning a portion
ot tho hole and deflecting it to a different position in tho producing zone. These two
general classes are detailed by citing examples of drilling for locations under water
or under man-made obstructions like buildings, or for such structural conditions as
oxist m drilling for tho oxploitation of flanks of salt domes.

.Methods and equipment are briefly reviewed. Whipstoeks are used almost exclu-
sively for changing angle and direction, except with slight changes that can be made
without mechanical means, and single-shot instruments recording both angle and
direction in a horizontal plane are employed to guide tho work. The whipstock is
oriented into the well to set at a position determined from the single-shot reading.

his causes tho bit to start off in the direction desired. By' proper procedure all dog-
legs in the hole are avoided, and in a hole put down by controlled directional drilling
no_more troublo should bo experienced in running casing than in the average vert|cally
drilled holo. ji

Complete Casing-Strings. W. C. Main. rpetrol. world, September

’ 2'“30.—The paper describes the method of making up a nomographlc

chart so that complex easing-strings may bo analysed and worked out, and also the

manner m which this chart can bo used. Tho chart is based on a paper given before
tho Amorican Potroleum Institute.

Ono of the chief factors involved in solutions of casing problems is tho mud weight.
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For uso of this chart the weight must be known within fairly closo limits. In proven
fields this figure may bo obtained beforehand; butin wildcatting it is important thata
convenient and rapid method be at hand of chocking and altering the amounts of each
weight to fit conditions which do not accord with those assumed in tho calculations.
This is shown to bo possible with no delay in sotting pipo.

An oxample is worked out in detail to illustrate the various points discussed. The
oxamplo requires the design of a string of casing for a depth of 11,200 ft., mud weight
of 75 Ib. cu. ft., using 7-in. casing and keeping a factor of safoty of 1-25 at all critical
points. Various combinations of weights and grades are possible, and those are
studied and finally a correct combination is chosen. A.H.N.

1552. Drilling. F. J. Spang. U.S.P. 2,216,462, 1.10.40. Appl. 25.2.37. Method
and apparatus for die-forging drill-bits for percussion drilling systems.

J. F. P. Farrar. U.S.P. 2,216,468, 1.10.40. Appl. 6.4.38. Method of making a
coupling connection for hoses.

H. Higel. U.S.P. 2,216,554, 1.10.40. Appl. 8.6.39. Spring mechanism for oil-
well dovicos adapted to be operated in boro-holes for recording purposes.

J. Fentress. U.S.P. 2,216,686, 1.10.40. Appl. 7.5.36. Coupling and method of
making same for hoses.

G. F. Lo Bus. U.S.P. 2,216,819, 8.10.40. Appl. 14.10.38. Removablo-ond filler
for cable-winding dovicos or drums.

A. C. Hoffman. U.S.P. 2,216,839, 8.10.40. Appl. 15.5.39. Interlocking sloeve-
coupling for hose connections.

T. B. Wayno. U.S.P. 2,216,865, 8.10.40. Appl. 18.9.37. Treatment of drilling
fluids with an ester of phosphoric acid.

T. H. Staneliff. U.S.P. 2,216,894,8.10.40. Appl.12.10.39. Roek-bit of tho
rotary class.

J. C. Stokes. U.S.P. 2,216,895, 8.10.40. Appl. 6.4.39. Rotary under-reamer
actuated by fluid pressure to expand roamingblades.

F. J. Hinderliter. U.S.P. 2,216,945, 8.10.40. Appl. 20.2.39. Upset pipe-joint
with special features to minimize the tendency for breakage to occur in tho vicinity
of the last thread.

T. V. Moore. U.S.P. 2,216,955, 8.10.40. Appl. 24.12.36. Oil-base drilling fluid
and method of preparing same. The method consists of stabilizing tho fluid by adding
sulphuric acid.

B. W. Sewell. U.S.P. 2,216,962, 8.10.40. Appl. 25.11.38. Pressure coring
dovico with valves which close on retracting the barrol.

A. C. Sinclair. U.S.P. 2,216,963, 8.10.40. Appl. 9.10.39. Means for cutting
windows in woll-easings.

V. M. Vesely. U.S.P. 2,217,147, 8.10.40. Appl. 20.9.39. Bailer bottom element.

J. T. Ledbetter. U.S.P.2,217,175,8.10.40. Appl.20.8.3S. Method of testing
drilling fluid to determine its ability to prevent loss  of liquidto tho penetrated
formation.

A. W. Gelpcko. U.S.P. 2,217,202, 8.10.40. Appl. 19.10.39. Percussion drill
having three spiral bands.

F. F. Hill. U.S.P. 2,217,203, 8.10.40. Appl. 6.7.36. Coro-barrel with a ball-
valvo of tho same density as the mud used for drilling.

C. C. Gallgher. U.S.P. 2,217,400, 8.10.40. Appl. 24.4.39. Rope-clamp.

A. E. Krick and W. C. Starkey. U.S.P. 2,217,592, 8.10.40. Appl. 1.8 38 Wei-
reamer for rotary drilling. *1*
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Production.

1553.* Automatic Rod-Line Knock-off Cuts Operating Cost. T. P. Sandora ol Gas
) 26.0.40, 39 (20) 67-68; of. also oil w iy, 7.10.40, 99 (5), 40.-T he task of shuttffig
down wells, including time spent in going to and from the hook-off locations and in
waiting for the proper time to disconnect each well, often requires ono-half of the
pumper s total working time. Sinco 50% of the revenuo from a stripper lease must
sometimes go to pay pumpers’wages, it is not uncommon for the job of shutting down
wells on a centrally-powcred lease to cost 20 to 25 cents/brl. of oil produced. An
automatic rod-line knock-off dovice will therefore save the operator almost 25% of the
revcnup utilized. Thosurface effect of pounding in the barrol is utilized in ¢his device
When the barrel is completely full, tho rod-lino will sag under a weight on tho down"*
stroke. When the barrol is not completely full, then on a part of tho downstroko tho
rod-line is in tonsion. Thus a weight placed on tho rod-lino will cause a sag in the
rod-lino until pounding occurs, when tho taut line will raise tho line. Tho weight is
mado to strike a hinged finger which protrudes downward from a sliding rod placed
above tho rod-line  Thus the upper rod is forced back, causing tho rolease of a heavy
drop-bar, which falls into position on tho notched liook-off bar. When the liook-off
bar is stopped m this way on tho downstroko, the rod-line releases itself by means of a
link at the power ond of the bar. It is necessary for tho pumper to connect the well
manually. A H N

1554.* Hydraulic Pumping Cost Data. D. Cox. oile a s 3.10.40, 39 (21) 37-38.—
o - | aljdglVCl\lor cost data for hydraulic pumping at rates ran%ing from 174 to

brls./day. Tlhe figures woro obtained from the records of eleven hydraulic pump,
mg units, and are neither claimed to be criteria of efficiency nor to bo reliable in every
case. i

lhe accounting factors involved in the cost figures should include amortization of
capital investment, lease-rental expense, depreciation of equipment, depletion of
natural oil reserves, production costs such os general expenses on salaries advisors
etc prospecting, development, lifting, treating and other miscellaneous field expenses
such as loose roads, salt water disposal, housing facilities, etc. In this paper lifting
and repair expenses are studied in detail and figures are given for lifting and average
repairing costs in dollars. A H N

pwcedure f°r Cieaning Slotted Liners Developed in California. T. P. Sanders.
oil 6 asJ., 3.10.40, 39 (21), 40.—A recontly introduced procedure for cleaning slotted
liners has shown conspicuous success on many of the 180 wells on which it has been
ustegd in the Californian fields. This method combines mechanical with hydraulic
action. ]

A patented tool is fitted with a series of narrow blados which are supported bv
coil-spnngs controlling tho thrusting pressure of the blades. Being free to tilt upward
or downward or to retreat into the tool, the blades readily slido in a folding position
inside tho liner. Each time a blade is in line with a slot it is thrust through the slot
m the liner to a distance of 1Jto 1Jin. beyond the outside diameter of the liner Tho
design of the blades causes the tool to rotate very slowly as it descends or is pulkd out
and a swivel joint prevents this rotation from being transmitted to tho sand-line.

In order to obtain a washing action to aid tho blados in cleaning the slots, a swab is
run immediately above the mechanical tool. Since the use of a swab is often considered
dangerous in Californian fields, in case too much sand is drawn into the well, a special
type of swab, fitted with a relief valve to limit tho vacuum to a safe maximum of value
is incorporated. H N

1556.* Pumping Set-up Anticipates Future Servicing. Anon. oil wkily, 30 940
99 (4), 23-24.— A steel-based pumping unit is set on a concrete derrick floor with an
elevation flush with the ground level. All fiow-lines are recessed into this concreto
flooring, and an open concrete-lined cellar provides space for well-head connections
and is covered with -an easily removablo, close-fitting metal grating. Hold-down
loops for well-pullmg and clean-out tools are installed, and are the only obstacles, with
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the oxeoption of the Christmas tree and pumping unit, that rise above the floor of tho
derrick.

As a majority of those wells respond to agitation, flowing through both tho tubing
and tho casing outlet, connections aro made below tho ground surface to the casing
outlot with tho floor-line rising to a point just bolow tho level of tho ground.

Tho lead line from the tubing is made up of two convenient longths of pipe having
a ground-joint union, and chopping a short distance to connect with the flow-line from
the casing-head, both using a common lino loading to the oil and gas separators at the
flow-tank battery.

Dotails of construction aro given. A.H.N.

1557*. Modern Well Studies. Partl. P. Briggs. oil w kiy, 7.10.40, 99 (5), 15.—
The first port of this paper doals with the selection of pumping-wolls equipment when
no dynamometer cards aro availablo for calculation, the calculations being based on tho
volume rate requirement, depth of mwell, and properties of fluid. The discussion
consists almost entirely of an example which is solved in detail.

Computations of plunger travel aro made by means of Rioniot’s formula, the deri-
vation of which is given in Part 3 of the paper. From load calculations adequate
sizes of suekor-rods and sufficient power requirements from power cquipmont are
calculated.

The methods and operations adopted illustrate the calculations required for choosing
tho plunger diameter and travel and an operating speed at which the maximum load
will be a minimum possiblo for such travel and volume rate. Mothods of adjusting
tho suckor-rods’ diamotor, in this case made of two sizes of sucker rods, so that corrosion
and load conditions may bo mot adequately, are detailed. Tho design of walking-
beams should be loft in general to tho manufacturer, but tho requirements are calcu-
lated here for the sake of illustration. End loads, shear load at tho centre, and bending
moments aro thus calculated. Tho gears are designed to withstand the maximum
torquo imposed by the pumping operation, and finally tho horse-power and selection
of a prime mover are discussod. The paper is well illustrated. A.H.N.

1558.* Removing Air Pockets with Suction Pumps. F. R. Cozzons. oil wkly,
7.10.40, 99 (5), 50.— It issometimes found that certain wells which have been receiving
air readily for a considerable period in a stripper lease, refuse to take air even at a
pressure of 1000 Ib./sq. in. in sufficient quantities to bo observed in nearby wells.
This fact is believed to be due to sudden release of pressure on tho woll in a previous
repressuring operation which results in water, sludge, and oil rushing in to fill the
vacuum, and thus encircling and trapping largo volumes of air in various sections of
tho sand. This air, once surrounded by liquid, appears to bo unable to escapo of its
own accord and can seldom be forced by pressure.

A method found helpful in curing this trouble is to apply vacuum to tho well, and
thus enable the air in the immediate vicinity of tho well to break the bonds imposed
on it by the liquids. When the air breaks through to the suction pump, it has been
known to register 100 Ib./sq. in. or more at the casing-head. Usually one operation
on one well is sufficient to clear a largo tract of sand of entrapped air; but in certain
conglomerate fields where air is entrapped in numerous small pockets vacuum appli-
cations to many wolls are noeossary before all tho sand is clear of entrapped air.
The average timo for breaking up air pockets in a field is 10 days, but wide variations
have been observed. A- ne

1559.* Modem Well Studies. Partn. F. Briggs. oil w«kly, 14.10.40, 99 (6), 26.—
This part of the paper deals with instruments used in well studies.

Surface dynamometers are of three typos : mechanical, hydraulic, and electrical
strain gauge. These three types are well illustrated by photographs and line drawings,
and tlioir action and characteristics are explained in detail. The mechanical typo
measures tho stretch in tho polished rod at every part of tho cycle, and a stylus records
this stretch on a drum-chart which is synchronous with the stroke-cycle. In the
hydraulic typo a part of the load acting on the polished rodistransmitted to a pressure-
chamber and tho variation in tho pressure is impressed upon the recording mechanism
by means of fluid in a flexible hose. In electrical dynamomoter, an oscillograph
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responds to tho stretch in tho polished rod, and a recorder, which may be taken a
considerable distance from tho strain-gauge, records tho load and the part of the
cyclo in which it occurs.

A bottom-holo dynagrnph is similarly detailed, and a typical card illustrates various
parts of its operation. The record is of tho stretch of tho rod connocted to the plunger
at every part of tho stroko-cycle.

Finally, bottom-holo pressure gauges and a fluid-level determining device are
doscribcd and their actions aro discussed. Either one or the other may bo used for
measuring tho pressure at tho sand-face. A.H.N.

1560.* Primary and Secondary Recovery Methods. H. L. Flood. rPetrol. Engr,
October 1940, 12 (1), 39-40.—A short review is given of the application of primary
and secondary recovery methods in the field. Recovery methods are classified under
three headings : normal, primary, and secondary. Normal methods are considered
to include all tho devices and measures which may be employed to obtain as much oil
or gas from a formation as possible without resorting to any artificial method of
replacing, displacing, or augmenting the natural contents of the reservoir. Normal
methods thus include natural flow, pumping, and gas-lift—the last being included
because the lifting effects on the oil aro confined to tho well-bore and do not affect the
reservoir.

Primary recovery methods embrace all methods which may be instituted during the
early lifo of a field to increase tho total amount of oil recovered from tho reservoir
above tho volume which would bo yielded if only normal recovery methods had been
employed. Repressuring by gas or water drives in the early stages of a field are con-
sidered as primary rocovery methods.

Secondary recovery methods aro similar methods to tho primary ones, except that
they aro applied in the latter stages of the life of a field. Tho difference in the two
methods is not merely a matter of time, but also a difference in tho extent to which
pressures havo been allowod to drop. A.H.N.

1561.* Use of Acids and Other Chemicals in Oil-Production Problems. H. L. Flood.
petrol. Engr, October 1940, 12 (1), 46.—Tho chief chemical engineering practices found
in the production of oil are acid treatment of wells, the use of chemical agents for
plugging sands to control or exclude water, the use of substances which reduce the
surface tension of water and thus prevent it from displacing the oil in the pores of the
sand, the use of various cements and chemicals added to them and chemically removing
wax and mud from sand-facos. Recently a new acid has been found successful for
demudding sand-faces because it is reactive with the silicates as well as with the car-
bonates, but is non-injurious to iron and most other metals used in oil-well equipment.

Addition agents aro added to this acid to accelerate its action on dolomites and
retardit on limestones, to reduce its surface tension, and to enable it to wet or penetrate
the oil-soaked zones. The action on the silicates is facilitated by the evolution of
hydrofluoric acid from the interaction of this 15% HC1 acid on sodium fluoride at the
sand-face, thus eliminating the hazard of using HF itself.

Chemicals used to lower tho sui-face tension of water to a figure nearer that of the
oil than originally are now in the industry, and the most important of these appear
to be certain esters of sodium sulphosuccinic acid, such as the dioctyl, methylamyl,
and diamyl esters, and an alkyl sodium naphthalene sulphonate.

Their use in completion so that the oil can easily displace the mud is also discussed.
References are given. A.H.N.

1562.* Multiple-Zone Completions. H. L. Flood. retrol. Engr, October 1940, 12
(1), 50.—Multiple-zono completions in which several formations are to bo segregated
usually require : (1) as many producing channels (tubing-strings, annular spaces, etc.)
leading to the well-head as there are formations ; (2) packers of appropriate types and
design to separate the formations; (3) beans or chokos to control the rate of flow from
or to each formation; (4) check-valves when necessary to prevent intercommunications
between the formations; and (5) a way of obtaining access to cased-off formations
either through the casing or by removing it completely.

Two-zone or three-zone completions predominate in multiple-zono completions;
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although four-zono completions aro possiblo, they involve additional complications.
Tho size of tho hole sets an upper limit to tho number of completions, bocauso of
requirement (1) above.

Currently, greatest interest is being shown in the use of multiplo-zono completions
in tho deep producing wells of Texas and Louisiana, particularly in distillate fields
where it is necossary to return gas to tho formation as an essential part of efficient
exploitation of the distillate-typo of reservoir. The considerable expense of drilling
wells to depths of 8000 to 11,000 ft. to serve only asinputwells has prompted operators
to dovolop a mothod of using a single woll for tho dual purposos of producing distillate
and of returning the stripped gas to tho formation.

It is expected that multiplo-zone completions may bo employed in tho future to
use high-pressuro gas or water to roprossuro an oil formation or to build a wator-drive
in tho oil reservoir. A.H.N.

1563.* Pressure Data Obtained with Formation-Tester. W. A. Sawdon. retrol

engr, October 1940, 12 (1), 55.—The normal method of formation-testing for fluids is”’
described and illustrated. In certain recent methods pressure data aro taken and tho
rocord kept for future zone. Thus in an area with throe producing sands, tho upper-
most sand being of lowest pressure, and lowest sand possessing the highest formation
pressure, tho wollwas completed to produce from the lowest sand only until tho pressure
in this sand decreased to a value equal to that in the intermediate sand. Tho inter-
mediate sand was then tapped by gun perforation, and the two sands continued to
flow simultaneously until the pressure decreased to tho value obtaining in the third
sand, which was similarly perforated. Tho well then produced from all three sands.
Other studies of the value of pressure records obtained during testing formations are
mado in conjunction with core analysis, and these studies prove to be extremely
valuable.

Formation-testing is also used in connection with water shut-offs, and routine tests
are outlined. These tests are further chocked by pressure records, and also by analysis
of the salinity of the water. The three tests thus made can ensure a perfect shut-off
job; otherwise a failure would bo traced in a more certain manner.

The formation-tostor may be used, in this connection, for testing water shut-offs
when tho cement job has been done above tho shoo, as in tho case of cementing com-
bination strings or blank casing or liner sections between producing zones. Tho
procedure is described, and involves only perforation near the cement parts as an
additional step. A.H.N.

1564.* Analysis of Well Performance as Basis for Gas-Lift Operation. H. L. Flood.
petrol. Engr, October 1940, 12 (1), 104.—Gas-lift operations are reviewed. The out-
standing trend in recent times appears to be a stress on tho importance of intelligent
analysis of well performance, both before and after gas-lift installation has been made,
and not a change in the basis of design of gas-lift.

The more important basic well characteristics which influence tho design and
performance of a specific gas-lift installation appear to bo : (1) reservoir or static
pressure ; (2) productivity index ; (3) formation gas-oil ratio; (4) per cent, water;
(5) depth ; (6) size and condition of casing; and (7) size and condition of liner.

A factor which is assuming an increasing degree of importance is tho back pressure
imposed against the face of the formation, and to reduce this pressure a number of
devices have been evolved. The usual method of isolating the formation from the
back pressure is to employ a sub-packer typo of installation which consists of a packer
to seal offthe casing and a standing valve in the lower end of the tubing or chamber.

Flow-valves for intermitting systems arestudied in ageneralmanner. An interesting
innovation is the installation of bottom-liole chokes or discs in the lower end of tubing
string to control the rate of oil entering the tubing, so that the allowed daily’ production
will be obtainod in a steady flow throughout the 24 hours. The system is detailed.

A.H. N.

1565.* Gun-Perforating Technique in Production Problems. W. A. Sawdon. retrol,
engr, October 1940, 12 (1), 114.—Tho bullets most widely used in gun-perforating
oil-well pipes are from 0-45 in. to 0-50 in. in diameter; smaller and larger sizes than
these are available for special jobs. Tho sharp-nose-type bullet creates a hole as

TP
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nearly clean cut as possible through the pipe and is used most generally ; but operators
occasionally use a type of bullet which tonds to rip tho liner as it penetrates through.

Various gim-perforating practices connected with selective completion of sands aro
described. Squeeze-cementing jobs which require gun-perforations are briefly
montionod. An illustration shows tubing gun-perforated to admitgas from tho annulus
between tubing and open hole which contains a gas sand overlying slialo and an oil
sand, tho slialo boing packed offwith an open-hole packer; thus the gas from the ovor-
lying sand helps in lifting the oil from the lower oil sand.

Gun-perforating of limostono formations before acidizing has resulted consistently in
an increased production, as compared with similar offsetwellswhich have been similarly
acidized, with tho exception that in tho procedure they were net perforated first. The
bullets fracturo tho lime and provide a groator surface on which the acid can act.
Although specific woll conditions govern the spacing of perforations, it is found good
practice to space holes approximately 1 ft. apart for this work.

Production has been increased, or re-established when lost, on perforating badly
clogged linors. A.H.N.

1566.* Pressure Distribution about a Slotted Liner in a Producing 00 Well. Part II.
F. G. Miller. petrol. Engr, October 1940, 12 (1), 134.—In this part experimental
procedure and results are given for tho pressure losses in tho vicinity of a slot for various
rates of flow. Tho graphs of tho head loss are curves, and not strictly straight
lines.

Experiments on an electrical model of tho system are then detailed. Six copper
strips, representing slots in a liner, were used in an electrolyte, and tho voltage drop
per unit rate of current-flow represented the pressure drop per unit rate of water-
flow in tho permeability tests. Tho theory of the analogy is worked out and the
formulas aro given in dotail. Tho flow in the electrical model was made two-dimen-
sional in three strips and three-dimensional in the other three. Tho graphs are
straight lines.

Tho last part of this section of tho paper deals with the combination of fluid-flow and
electrical analogy results. Tho dimensional similarity is first shown. As the electro-
lytic-conduction system was geometrically similar to the fluid-flow system, ratios
from one system could bo applied in computing the value of variables in the other.
Thus the ratio of voltage drop to tho product of current and conductivity in the
electrolytic model is directly used for calculating the pressure drop in a similar slot in
tho fluid-flow system. Tho difference in this value of pressure drop and the actual
pressure drop is taken to be tho loss in head due to convergence of the stroam-lines and
turbulonco just outside tho slot. Similar calculations made on tho other slots are
tabulated.

Other parts of tho paper will bo published later; henco no conclusions are possible
in this abstract. A.H.N.

1567.* Selecting a Casing and Tubing Programme. J. E. Brantly. rpetrol. world,
September 1940, 37 (9), 31-32.—The selection of tho correct tubing size to be used is
dopendont on the rate of production, depth of oil horizon, bottom-holo pressure and
temperature, density, viscosity and surface tension of tho oil-gas mixture, tho effect of
gravity and tho pressure loss por unit length, and the artificial lifting motliod to be
used after the flow has ceased. No formula is known to take all these factors into
consideration. Trial-and-orror methods are still the only redes.

A single problem is discussed in dotail to show the effects of certain of these conditions
on tho selection of tubing. It is shown in this problem that tubings of larger sizes
than that selected add nothing to tho efficiency of production under tho maximum
allowable rate assumed, and are not justified.

Having selected tho tubing size, a satisfactory casing diamoter must be chosen.
Tho manner of choosing such a diameter is similarly shown by solving for tho samo
problem.

It is pointed out that if casing sizes wero generally reduced and internal flush
joint-drill pipes more generally used there would be a saving on salvaging the drill
pipe and using it as a casing. Similarly externally upset tubing could be used for
drifling. A.H.N.
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1568.* Must we Look for a New Reservoir Control? S. C. Horold. retrol. world,
Soptembor 1940, 37 (9), 55-56.—Dr. Horold assumes knowledgo of tho principles
discussed in his book on production of oil, gas, and water, and points out the three
controls described : hydraulic, volumetric, and capillary controls. Hydraulic control
is taken horo to bo a special case of volumotric control, as in the lattor rain-water does
not enter tho field in sufficient quantities to replace the fluids produced, whilst in tho
former entry of rain-water and production of fluids procoed at the same rate. Thus
the problem of controls is reduced to two types : volumotric and capillary.

In volumetric control the rate of production is proportional to the square root of the
effective working pressure—i.e., tho difference between the closed-in pressure and tho
back pressure against which production takes place. In capillary controls, the rate
of production is proportional to tho power | of the effective working pressure. The
question raised by tho paper is whether there is a third control, intermediate between
volumetric and capillary, -where the rate of production is linear with tho offective
working pressure.

No solution to the problem is given, butitis pointed out that work based on Darcy’s
Law assumes such a control. It is not argued that such a system is not possible;
it is merely indicated that this should be proved without delay. A system of fluid
mechanics should bo solved in a completo form based on this law of flow'.

Two equations aro primarily necessary, tho first already stated—i.e ., rate of produc-
tion—is proportional to tho first power of effective working pressure. The second
equation mustinvolve time as a function of delivery, and this requiresexperimentation.
It is contended that experiments with a block of sandstone represents not a reservoir,
but an orifice. Experiments with a long tube of sands are suggostod to approximate
more nearly a natural reservoir. A.H.N.

1569. Method for Determining the Water Content of Oil-Sands. D. B. Taliaforro and
G. B. Sponcer. U.S. Bur. Mines. Report of Investigations No. 3535. Soptembor
1940.—The authors of this paper accontuato tho importance of being able accurately
to estimate total water contont of oil-sands. Such calculations have a direct bearing
on estimations of total oil in placo per unit of reservoir volume; on efficiency of oil
recovery by common production methods; and on tho dynamics of rosorvoir be-
haviour.

Petroleum onginoors have from timo to timo evolved satisfactory methods of deter-
mining tho water content of products, but, owing to the presence of crude oil and v'ator
of crystallization in oil-sands, thoso methods havo not boon generally applicable to
core specimens. Recently, however, the Bureau of Minos has adoptod a modification
of tho A.S.T.M. method for determining -water in petroleum products to ascertain
the wator contont of oil-sands. Departuresfrom A.S.T.M, procedure include alteration
in size and shapo of the trap to facilitate reading of tho volume of wator collected;
replacements of corks by ground-joints; and tho use of toluono as a solvent in placo
of gasolene.

The chief advantages of tho method described aro its accuracy, simplicity, and low
cost of oquipmont. Moreover, the method is especially suitablo for tho small samplos
on which tho staff of all core laboratories have to work. H.B. M.

1570. Production. G. F. Turechek. U.S.P. 2,216,144, 1.10.40. Appl. 8.3.39.
Sealing-disc for gun-porforators.

G. F. Turechek. U.S.P. 2,216,145, 1.10.40. Appl. 8.5.39. Gun-perforator for
well-casings.

B. Barnum. U.S.P. 2,216,151, 1.10.40. Appl. 8.5.39. Gun-type casing perforator
with a special typo of bullets.

A. C. Fritscho. U.S.P. 2,216,268, 1.10.40. Appl. 29.1.37. Method and means for
testing wolls utilizing a removablo paekor and fluid under pressure to indicate loss of
prossuro.

C. R. Andorson. U.S.P. 2,216,288, 1.10.40. Appl. 26.4.38. Pipo perforating
device for shop-perforating jobs.
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0. Appl. 22.5.39. Gun-pcrforator for oil-

E. C. Wolferz. U.S.P. 2,216,481, 1.10.40. Appl. 12.11.38. Coupler for pipes.

M. Miller and L. N. Davis. U.S.P. 2,216,674, 1.10.40. Appl. 11.6.39. Well-
cleaner with a scraper. n

M. B. Thomas U.S.P. 2,216,967, 8.10.40. Appl. 18.2.38. Gas-lift valve with
means sensitive only to the gravityof the fluid for fixing theposition of the valve.

T R. Alley. U.S.P 2,217,038, 8.10.40. Appl. 20.5.38. Tillable ring-packer
with concave annular plates of packing material.

BO 217,043’ 8-10-4«- | 10.38. Well-testi tool with
pakcker a|¥d‘ a erII stom releasagly connocted topt%e séh PI eli-testing tool wi
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. T E Bryan U.S.P. 2,217,305, 8.10.40. Appl. 24.1.38. Apparatus for removing
liquids from wells with internutter valve.

wen-sfrAanfl6l' U'S'P' 2°217°327" 8'10-4°- AH>L 17'9'38- Method of producing

8.8.39. Screen-wrapped per-

TRPAREH-FRP 0o for oil- afd’ WatdP w40~ Appl.

Soe also Abstract No. 1529.

Gas.
1571. Patent on Gas E. L. Hall. U.S.P. 2,217,250, 8.10.40. Appl. 41138 Im-
provementin the production of gas and by-products from petroleum oils by pyrolysis

rnd1”voTofybyG uctT ker"WOrk WAUI rCmOVa“ °f °nd QA n °fthT b T ~
Seo also Abstract No. 1620.

Hydrogenation.

a Jdl 0|I’\T0]_1Fydf09fnat|0‘“l Pior and E* Donath. U.S.P. 2,215,190, 17.9.40.
roduetlon of hydrocarbon compounds from products obtained by

APP,, .. *7-37-

f “ ® materials with organic solvents by adding an organic
diluent to the mlxture of extract and solvent, subjecting to distillation, and subjecting
the remaining mixture of extract and diluent to a treatment with hydrogenating gases

H. B. M
Polymerization.
m ?'in>atTlt °n P°lymerization- B -M-Deanesly. U.S.P. 2,216,549, 1.10.40 Appl
fradt’ . An ™pr° Vement In ~16 Process  polymerizing an oleﬁmlc C,to C6 hﬁdr%cal(/llaon’

fraction containing impurities naturally associated therewit
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Synthetic Products.

1574. Patent on Synthetic Products. H. E. Potts. E.P. 526,814, 26.9.40. Appl.
11.3.39. Synthesis of hydrocarbons with more than one carbon atom in tho molecule
from mixtures of carbon monoxide and hydrogen. H.B. M.

Refining and Refinery Plant.

1575.* Condenser-Tube Alloy Tests show Corrosion Conditions Need Study. R. W.
Moore and S. Kleinheksel. Nat. petrol. News, 29.5.40, 32 (40), R.186.—In examining
tho corrosion-resisting properties of a number of alloys in uso in.condonsers, test speci-
mens were inserted at each end of experimental condensers placed in parallel with
large condensers at significant points in a refinery. Admiralty metal has been found
to be satisfactory under the most severe conditions. It is contended that a study of
corrosion conditions and moans of remedying them would bo valuable, since copper-
base alloys, do not show a degree of superiority which would justify their adoption.

1576.* Filter-Clay Efficiency Affected by Water, Carbon, and Porosity. L. M. Hender-
son, C. M. Ridgway, and W. B. R0Ss. Nat. petrol. News', 29.5.40, 32 (24) R.193 —
Tho water present in filter clays is recognized, arbitrarily, as of two types.
“ Adsorbed ” water is removed by heating the clay to 450° F., and “ Bound ” water by
heating to 1800° F. Tho investigation was carried out on Florida fuller’s earth and
Pennsylvania cylinder stock and bright stock. Such a clay absorbs moisture from the
air at a rate dependent on the temperature, the rate being negligible above 275° F.
The humidity of the air is of less significance than tho temperature. With clay not
previously used tho proportion of “ bound ” water is without effect on tho percolation
yield, provided the “ bound ” water content is above 2% and “ adsorbed ” wator is
absent. In this investigation clays were rocovered after uso by burning at 1075°F.,
and with such clays percolation yield decreased with decrease of bound water—that
is, with tho number of “ burns.” Adsorbed water in a clay affects the “ haze ” of tho
filtrate, but “ boimd ” water is without effect. Tho presence of carbon in tho clay
affects tho yield and cast of cylinder stocks of 8 N.P.A. colour, but with 5 N.P.A.
bright stock the effect is much smaller. Tho filter efficiency of Florida clay increases
with porosity, inasmuch as tho specific area is a function of porosity. H. G.

1577.* Collects Sulphuric Acid Fog by Bubble-Phase Absorption. Anon. nNat
Petrol. News, 29.5.40, 32 (24) R.200. Abstract of Paper by D. W. Bransky aryl. F. F

Diwoky at 10th Mid-Year Meeting of A .P .. at Fort Worth 29.5.40.—Sulphuric acid is
removed from stack-gases by scrubbing in a bubblo-tower with an aqueous solution
of a foam-forming substance. The most efficient foam-forming agent consists of the
sulphonic acids— green acid "—derived from acid sludge. A 10% solution is claimed
to be efficient in removing 93— 95% of tho available acid in 10— 11 sec. The solution
retains its foam-forming efficiency until 10% of acid has been absorbed. H. G.

1578. Patents of Refining and Refinery Plant. A. H. Schutte. E.P. 526,744, 25.9.40.
Appl. 27.2.39. Separation of wax from wax oil or wax-wax mixtures by emulsifying
the mixture with a non-reactive liquid. The emulsion is thereafter chilled so that the
higher-melting-point waxes are solidified, and the remaining constituents are there-
after separated from the solidified waxes.

Aktiebolaget Separator. E.P. 526,852, 26.9.40. Appl. 27.3.39. Continuous
refining of oil with alkali characterized in that the oil-containing soap separated from
tho oil is mixed with oil-containing soap-wrater separated from the refined oil.

J. G. Fifo. E.P. 527,030, 1.10.40. Appl. 28.3.39. Separation of the components
of a mixture of polar organic isomeric compounds with the aid of two solvents which
are insoluble or only slightly soluble in each other, the components of tho mixture
distributing themselves in different proportions in the solvents.
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Y'fiLCVy' H P;,52!°031- L10-40- Appl. 28.3.39. Method of production of nitro-
paraffins in which nitrogen peroxido and one or more paraffins aro heated in tho

cratainin™ho same1516861100¢ f cat<uysts consistine Of arsenic or antimony or materials

Standard Oil Development Co. E.P. 527,299, 7.10.40. Appl. 30.3.39 Process
for operating a countercurrent solvont-trcating tower containing contacting and dig-
tnbutmg moans and in which one phase is introduced at the top of tho tower and another
at tho lower portion. Impulses aro imparted to the phases in tho tower by varying
periodically the rate of feed of one or both phases and/or tho rate of withdrawal of the
phase collecting at tho bottom of the tower.

B?, °°* EJ\ 527-307" 7-10-40- Appl. 1.4.39. Continuous catalytic

rz-izror hydrocarbons m vapour phase. Tho hydrocarbon vapours heated to
action temperature are passed continuously through a reaction zone filled with a
compact bed of granular catalyst. After intimate contact of the hydrocarbons with

andretSdtv OntinUOUsly withdrawn from tho reaction zone, reactivated

1, 1)UPON.VIO ?romour3 & Co- E.P. 527,316, 7.10.40. Appl. 4.4.39. Production
dlroctcata'y4'lhydration of defines in tho presence of an aqueous

solution0 ? ; i 0 ines in J
solution of a mineral acid. A’diluté alkaline solution is introduced into tho alcoholic
olT°U-I: f\_vOS I ° reaction zone A such proportion that tho erudo condensate
obtained on cooling the vapours has a p a value of not less than 6-0.

Auol m q fn  Elektrocthemifho Industrie G.m.b.H. E.P. 527,423, 9.10.40.
ppl. 24.9.38. Hydration of vmyl acetylene using acid metal catalysts. The reaction

of the reaction hqgffid.0** at boilinS Point 80 that heat is removed by evaporation

. HiXon' 2,216,009, 24.9.40. Appl. 17.12.36. Refining of petroleum
oils containing paraffimc and naphthemc constituents by contacting the oil with a
solvent having preferential affinity for non-paraffinic constituents of the oil; separating
the solvent with the dissolved naplithenic constituents from the undissolved oil con
Stituonts; and thereafter contacting tho solvent-oil phase with a second solvent which

substantially immiscible with the first solvent. Thereafter the oil fractions are
recovered from each oil phase.

S. Musher U.S.P. 2,216,711, 1.10.40. Appl. 17.11.40. Method of decreasing
sm Ifam S X ? h 0rr0:7 " tendenciesofSeatin ? oils. The oil is treated with 1
of TnIT 1 lecithin and an aromatic compound selected from the group consisting
of polyhydroxy aranes, polyamino aranes, aminohydroxy aranes, monoamino-poly
nuclear aranes and monohydroxy-polynuclear aranes at an elevated temperature.

G H. Short U.S.P. 2,216,856, 8.10.40. Appl. 13.5.38. Stabilization of hydrocarbon

itwithin Ollsweotened WIth a reagent containing copper by intimately contactin
It with an aqueous soluetlon contalnmg {grrocyanléeglon?.p y y g

WL G Vestordal. U.S.P. 2,216,968, 8.10.40. Appl. 28.5.38. Refining of heavy

to mainrnffiu N T *'8A* aqU°°US CUUSt,C soda under sufficient pressure
nniBi ri. |, an °aUstl° soda liquld at the operating temperature (300°f )
cmt fi XlIn npOi!'"'g teurporature of the hydrocarbon oil. Thereafter tho dilute
caustic soda is removed together with the extracted material by decantation.

-S'PV 2>217:808> 8-10-40- Appl. 12.3.38. Removal of low-
rom dielectric mineral oil compositions by adding thereto a
H.B. M.

o

He fi-
emperature sludge ¥
substance selected from tho group of diphenyl and diphenyloxide.

Chemistry and Physics.

andC SW 'nnk,and ?inergie?,0i Hydrocarbon Molecules. J. E. Leonard-Jones
“ A-c°ulson. Trans.Faraday soc., 1939, 35, 811-823.—The effects of resonanco

n energy contont and interatomic distances are shown in various hydrocarbon
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molecules, tho structures of which aro correlated with these effocts. In many cases,
especially in conjugated hydrocarbons, the valence electrons must bo considered
mobilo, and free to move throughout the moloculo. Tho consequent modifications
of tho properties of tho links are outlined. Calculations of the onorgy, order, and
length of links aro given and tablos for various hydrocarbon molecules, including open
conjugated chains, condonsod rings, and free radicals, are given. Where comparison
with experiment is possible, the longths and onorgios agree excellently.

1580. Activation Energies oE Reactions Envolving Conjugated Systems. M. G. Evans.
Trans. Faraday soc. 1939, 35, 824-834.—Tho activation energy of reactions in-
volving conjugated molecules is discussed. It is suggested that the low activation
energy for the dimerization and polymerization reactions is due to tho largo resonance
onorgy in tho transition state. Tho resonance energy is discussed m terms of tho
behaviour of tho mobile electrons in tho conjugated systems. .*

1581. Critique of the Pair Theory of Mesomerism. E. H. Lioyd and W. G. Fonnoy.
Trans. Faraday soc., 1939, 35, 835-841—An improved mode of presentation of tho
theory is given. The type of calculation which may be expected to load to results
of accuracy comparable with experiment is discussed. Mention is mado of other types
of calculation in which the theory is incapable of yielding such results.

Tho butadiene, benzene, alleno, and diacotylene molecules are discussed m the hg
of the theory.

1582. Application of the Nitric Oxide Method to the Investigation of Reaction Chains
in the Decomposition of Hydrocarbons. L. A. K. Stavoloy mid C. Tv Hmsholwooc
Trans. Faraday Soc., 1939, 35, 845-849.—From tho retarding effects of small quantities
of nitric oxide on the reactions of certain organic compounds, indications are given
of tho existence of a chain mechanism, and the proportion of molecules taking part
in such a mechanism is deduced.

The decomposition of several hydrocarbons have been studied m this way, and there
is a discussion on the decomposition of ethane.

1583. Decomposition of Hydrocarbons Induced by Free Radicals. F. 0. Rico and
O. L.Polly. Ttrans. Faraday soc., 1939, 35, 850-854.— A free luihcal tlieory proposed
by ono of tho authors (J. Amer. chem. soc., 1931, 53, 1929; 1934, 56, -y )13aPP 1
to the thermal decomposition of a pure organic compound The Kinetics of the
proposed reaction aro given. Tho apparatus used to verify their theory is desenbed
and results of an investigation with ?i-butane are given.

1584. Reaction of Hydrogen Atoms with Propane and the Mechanisni of the Paraffin
Decompositions. E. W. R. Steacio and N. A. P. Parlee. Trans. Y- 4
35, 854-860.—Tho reactions of othane and ethyl radicals with hydrogen are ro\ lewo
and the importance of tho reaction H + CHS= 2CHa from the standpoint of the
Rice theory is emphasized. Experiments on the reaction of hydrogen atoms wnth
propano by the Wood-Bonhoffer method are described. At high temperatures the
products of the reaction are methane, ethane, and ethylene, but methimo is the ony
product at low temperatures. The results aro discussed, anidi L

they offer strong evidence that tho reactions H + CiH6 CHaand PL+ i3
CH5+ CHaoccur readily at room temperatures.

1585. Pyrolysis of 2-Carbon and 3-Carbon Paraffin and Oleflne Hydrocarbons. M.W.
Travers Part |I. Equilibrium Mixtures. Trans. Faraday soc., 1939, 35, 860 86 .
The investigation of tho pyrolysis of 2-Carbon hydrocarbons starting withequilibrium
mixtures of othane, ethylene, and hydrogen is described. Similar v oik v as done on
propano, propylene, and hydrogen mixtures. Various theories on tho production
of methane in these reactions are discussed. L I
Part H. Pure Ethane. M. W. Travers and J. A. Hawkos bid., 864-868.-Con-
tinning their work on those lines, these authors now studied the pyrolysis of othane
using a new technique. Results are given, and it is shown that propylene is not an
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The P— ry decomposition

is shown toPbe infl*ncod”
P~ - «Wn

“ f i S t0 quieldy ~ 2 n
M. W. Travers and T A”Hawkos® ¢ibid 8°S ™ f600“??1], BecomP°®sition of Ethane.
the authors show that tho theory advanced’bvHinsB1*r°suits of. this investigation
decomposition of ethane is somewhat unsatisfacioiy fuld Stavoley on tlio
E. H. W.

Testramfthyl Methane (Neopentane).

T58f:

of the results obtained on tlie thermal decomposition of th 'n5’.868_870— Because

decided to investigate tho reaction involved by tho com h~ amines>the authors
“iT obtained by replacing

the hydrogen in the methyl group by successive

»nation of hydrogen and methane L * meS ~ d g%UPBii S° **<>»* the for-

tho work is being continued. * “-Results aro discussed, and
E.H. W.

Hydrocarbons. L. Kiichlor.

Trans.
cydohexeno, and methy% dOpentane have bi™n ie ?T P°Sltions of *«hexane,
decomposes in two parts, forming nartlv rvc/oB 3 'gated. cycZoHexane primarily
molecules of propone. ¢ n c z 0 S hydr°gen>a'd partly two
The decomposition of methylcycZopentano is fcsof @&h/ 10ne and butadiene,
detailed analyses are not available hero similar to that of cycZohexane, but
E. H. W.

.ml 11 W *g«t»eO.roimon.

the decomposition, oxidation, and polvmorizafinn ~and lunotic data concerning
difficult to obtain, and its existence @ hydrocarbons. Proof has been
Particular reference is made to the decomposition of”8 "fUl10* yOt gonorally accepted.

tends to ho confusing,

m oS S S
mediate in numerous reactions. Thero is no » 1 shown to exist as an inter-
contains bivalent carbons, but nono of tlie i proof that methylene
and it therefore remains tho author’s present view r Submitted conflicts with this,
' im +2 reactlons shown, the rapid

disappearance of methylene in systems" nnU«
' SyStems COnteming hydrogen and hydrocarbons is

explained.
E.H. W.

C. r E-H_Bawn and

There was no evidence for tho formation of othylidcno”~Tht rf>*°  t0 g*V° meUlanc-
of tetra- ponta-, and hexa-methylone radicals are mi,n decomposition products
compounds is discussed. ®  *anc® stability of these

B, ATHWIV .

mineral oil is heated in air, compounds are formed ;n re if-O authors show that if a

properties. Tho frictional behaviour is ¢ S Il 7™ Toram o «*>
m  stlch-slip ” to continuous

sliding, with a consequent reduction in wear.

thin film on S w C S ~\S k DITh” 0rapid,”hen tho oil is <na
substances rapidly increases with temperature until Jt 3fm° O °M °nna”on of these
- other substances are

formod which' seriously interfere with tho BiBw

The imf)rovements in the lubricatingl . heatffilv? PrePCrtieS of the — 'ml oil.

of small amounts of fatty acid. heating are compared with tho additio
E. H.W.
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1591. Polymerization of Hydrocarbons. M. W. Perrin. Trans. Faraday Soc., 1939,
35, 1062-1067.—The mechanism and behaviour on polymerization of certain un-
saturated hydrocarbons arc compared, and tho differences between them discussed.
The correlation of the properties and the molecular structure of certain high-moleeular-
weight polymersis described. Tho existence of a three-dimensional or two-dimensional
structure is shown to account for tho mechanical and thermal behaviour. The detailed
constitution of the molecule explains the differences in the elastic properties of the
long-chain polymers. E.H. W.

1592. Butadiene Polymers; Elucidation of Structure by Ozonolysis. R. Hill, J. R.
Lewis, and J. L. Simonson. Trans. Faraday Soc. 1939, 35, 1067—1073. These
experimenters obtained succinic acid, butano 1:2: 4-tricarboxylic acid, and resinous
acids from tho ozonolysis of a butadiene polymer. The polymerization of butadiene
in aqueous emulsion is described. It is shown from tho results that under these
conditions butadiene polymorizos by all the possible additive mechanisms, but a
quantitative discrimination between them is not possible. E.H.W.

1593. Butadiene Co-Polymers; Elucidation of Structure by Ozonolysis. R. Hill,
J. R. LEWiS, and J. L. Simonson. Trans. Faraday Soc., 1939, 35, 1073-1079.— Tho
formation of a polymer of butadiene and methyl methacrylate in aqueous emulsion is
described. ~

From tho ozonolysis of this polymer 2-mothyl-l :2 :4-tricarboxylic acid was
isolated, thus establishing a co-polymer structure. Tho products obtained show that
more than half of tho polymer consists of alternate units of butadiene and methyl
methacrylate. The butadiene is shown to polymerize by a 1 : 4 addition. Differences
in structure and properties between the co-polymer and tho butadiene polymer are
correlated. E*H*W*

1594. Patents on Chemistry and Physics of Petroleum. H. Beller. U.S.P. 2,216,222,
1.10.40. Appl. 20.4.38.—Process of oxidizing high-molecular paraflinic hydrocarbons
by adding to the initial material a solution of a catalyst in a solvont selected from tho
group consisting of water, a water-soluble organic solvent, a mixture of water and a
water-soluble organic solvont. Tho ingredients are thereafter mixed, the solvent
removed, and tho mixture subjected to oxidation by means of an oxidizing gas con-
taining oxygon at an elevated temperature.

R. L. Rude. U.S.P. 2,217,636, 8.10.40. Appl. 24.8.39. Method of effecting a
change in a hydrocarbon fluid flowing in a continuous path and interposing in the said
path at least one flow-responsivo element; determining tho weiglit-rate of flow of
tho fluid through tho element and correlating the manifestation of the flow-responsive
element with tho woight-rato in order to determine in situ the density of tho hydro-
carbon at the locality of the element. H.B. M.

Motor Fuels.

1595. Patent on Motor Fuel. F.J. Sowa. U.S.P. 2,212,992, 27.8.40. Appl. 22 6.38
Preparation of a fuel for use in internal-combustion engines and consisting of a liquid
hydrocarbon fuel and a material selected from the group of compounds consisting of
alkyl silicols and alkyl silicyl others.

F. W. McCurry. U.S.P. 2,214,749, 17.9.40. Appl. 21.11.38. Preservation of the
antiknock value, colour, and transparency of a hydrocarbon motor fuel by
porating therewith an activated oxidised glycerido in tho ratio of one part of tho
glyceride to 1000 to 80,000 parts of the fuel.

B. H. Lincoln. U.S.P. 2,214,768, 17.9.40. Appl. 5.2.38. Production of a motor
fuel consisting of a volatile combustible liquid with a boiling range of the order of
commercial gasoline and a small amount of a mixture of substantially less volati o
mineral and a halogonated carbon ring compound. H. B. M.
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Diesel Fuel.

1596.* Rating of Diesel Fuels. P. H. Schweitzer and J. S. Chandler. Ant. Eng.,
1940, 30, 135-141.—This papor describes tests mado on a range of fuels in the C.F.R.
laboratory C.l1. ongino and in a number of high- and low-speed engines to dotormine
whether the laboratory ignition-quality rating is a true index of tho performance
of a fuol in commercial engines. The test procedure for determining the ignition
quality of tho fuels was based on tho ignition delay criterion, and followed the laboratory
procedure as much as possible, and the average of twenty-two ratings by fourteen
laboratories on the C.F.R. engine was taken as the reference point for laboratory rat-
ings. Three test methods were used—viz., tho R.C.R. method, in which tho compression
ratio is adjusted until the ignition lag becomes 15°; the air-throttling method, in
which tho air intake is throttled until a predetermined lag is obtained; and the
variable-lag method, in which tho ongino is operated under normal conditions and
blends of reference fuel are determined which give the samo lag as tho fuel under test.
Full details of an improved apparatus for measuring ignition lag are given. This
apparatus was developed by Schweitzer and Hetzel in 1935.

The authors conclude that tho C.F.R. laboratory method underrates fuels by an
average of 3 cetano numbers in comparison -with tho commercial engines. Tho average
deviation between various commercial onginos is about 2 cetano numbers. The
accuracy of tho variable-lag method is inferior to that of the R.C.R. and air-throttling
methods. Tho typo of engine has a greater effect on ratings than the method used to
rate the fuels. Commercial onginos may bo compared by noting tho slope of the
ignition-lag v. ignition-quality curves; tho flatter tho curve tho less sensitive the
engine to ignition quality, a flat curve being an advantago in service engines.

C. H.S.

Lubricants and Lubrication.

1597. Evaluation of Lubricating Oils Used in Aeroplane Engines. S. Sintori and F.
Pomella. o1ii. m in., 1940, 20 (5), 49-52.—Tho difficulty of obtaining a representative
sample is described, as are methods for analysing used aviation oils. The asphalt is
determined by precipitation and filtration, tho free carbon being subsequently
oatimated by oxidation in the presence of copper oxide and absorbing the C02formod.
Tho residual ash can then bo analysed, if required. In ordor to determine quantita-
tively the inorganic constituents, a largo sample, 200-300 g., is ashed in a platinum
crucible. When burning has finished, sodium and potassium carbonates are added
and the organic material is destroyed by heating. Methods are outlined for estimating
iron, aluminium, lead, copper, zinc, silica, bromide, and sulphate, a typical analysis
beinggiven. Tho analysis of depositsisdealtwith in asimilar manner to thatemployed
for used oils, the only difference being the estimation of oil with normal bonzine and
subsequent estimation of asphalt with boiling bonzeno. A typical analysis of such a
deposit is quoted.

Tho use of photomicrographs to determine the type of carbon formed and its
possibility of obstructing oil-ways is described. This method is used in conjunction
with carefully controlled single-cylinder engino tests. The viscosities of these used
oils can also bo determined after filtration through a Jena G.3. sinterod-glass eruciblo.

H. L.W.

1598. Patents on Lubricants and Lubrication. J. Robinson. U.S.P. 2,215,362,
17.9.40. Appl. 10.3.38. Process of decolorizing viscous lubricating oil by hoating
a mixturo of viscous lubricating oil and liquified normally gaseous hydrocarbon
solvent to a temperature corresponding to a solvent vapour pressure in oxcess of 150 Ib.
per sq. in. under sufficient prossuro to maintain the solvent in liquid state. Thereafter
the mixture is passed through a bed of adsorbent decolorizing clay under sufficient
pressure to maintain the solution in liquid state.

C. F. Swinehart. U.S.P.2,215,432,17.9.40. Appl. 1.6.38. Preparationofasulphur
compound adaptod for addition to lubricating oil. This is composed of sulphur, a
substance of the group consisting of naphthalene and diphenyl, and an aromatic
amine. The amine is present in a smaller proportion than tho sulphur.
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G. M. Maverick. U.S.P. 2,215,590, 24.9.40. Appl. 20.7.35. Preparation of a
lubricating composition containing a major proportion of a viscous hydrocarbon
lubricating oil and a minor proportion of a phthalie ostor.

J. F. Nelson. U.S.P. 2,215,591, 24.9.40. Appl.20.5.39. Preparation of alubricant
in which is incorporated a small quantity of an oil-solublo organic substituted cyan-
amide of formulax —n —c N, inwhich x isan organic divalent radical combination.

G. H. Davis. U.S.P. 2,216,230, 1.10.40. Appl. 30.1.37. Preparation of a lubri-
cating oil consisting of a heavy oil containing constituents which tend to vary its pour
point and a small quantity of benzidene to stabilizo tho pour point.

R. Roson. U.S.P. 2,216,752, 8.10.40. Appl. 3.4.37. Production of petroleum
lubricating oil for use at high temperatures, containing as an oxidation inhibitor a
small amount of an oil-soluble compound with an aromatic nucleus.

B. H. Lincoln and W. L. Steiner. U.S.P. 2,127,173, 8.10.40. Appl. 19.2.36.
Preparation of stabilized, high film-strongth lubricating oil consisting of a major
proportion of hydrocarbon oil, 0-5—10% by weight of an aliphatic ester having chlorine
in chemical combination therewith and from 0 001 to 1% weight of pinene.

H. B. M.

Asplialt and Bitumen.

1599. Physical and Chemical Properties of Petroleum Asphalts of 50/60 and 85/100
Penetration. R. H. Lewis and J. J. Wolbom. Ffroc. Assoc. Asph. Paving Tech.,
1940, 2, 86-157.— It is stated that standard specifications which wore considered to
control tho quality of asphaltic bitumen have been questioned since tho introduction
of bitumens from now crudo sources and new refining processes. In order to determine
how present bitumens conform to specifications, tho Public Roads Administration
requested producers to submit samplos to tho Federal specifications, and tlieso wore
examined according to tho Fodoral, A.S.T.M., Assoc, of American Stato Highway Off.
specifications and by other methods used for control of quality. Tho investigation
wa3 confinod to asphalt cements of 50/60, and 85/100 penetration, forty samples of
each grade being examined; the results are tabulated and crudo source and mothod of
refining indicated.

Seven samples of 50/60 grade and six of 85/100 failed to meet one or more of the
Federal requirements, one of oacli grade did not meet all roquiromonts of A.A.S.H.O.,
and one sample of 50/60 grade did not meet the tentative A.S.T.M. specifications.
The above specifications have been modified in some respoct by most States, and
twenty-eight of tho 50/60 comonts would he rejected by the various States. In the
discussion of tho test requirements and results obtained, tho following comments are
made : Four samplos of each grade wore lower than tho Federal minimum limit for
specific gravity. The minimum flash-point limit is 100° F. bolow the lowest figure
recorded and more than 200° F. lowor than tho average. The average penetration was
in tho middle of tho specified range. Tho softening-point limits aro 104-140° F. for
both grades, and tho 50/60 bitumens ranged from 118° to 137° F. and tho 85/100
bitumens from 111° to 123° F., tho average in both cases being in the middle of tho
extremes. Although tho minimum ductility specified by Federal is 40 cm. and by
A.S.T.M. and A.A.S.H.O. 30 cm., only eight samples of 50/60 and none of the 85/100
bitumen were bolow 100 cm.; one sample of 50/60 was below 30 cm. ductility, whilst
one sample was a little higher than 40 cm. Many samples were above 250 cm. ductility
and average values were 176 and 180 for tho 50/60 and 85/100 bitumens. Tho average
loss on heating was 0'07% for tho 50/60 and 0'09% for 85/100 bitumens. The pene-
tration of tho residue from the loss on heating test is required to be at least 60% of
the original, and the values ranged from 70 to 94% for the 50/60 grade and from 65
to 88% for 85/100. One sample of both grades failed to meet tho Fodoral and
A.A.S.H.O. requirement of 99-5% solubility in carbon disulphido, whilst two samples
of both grades failed to pass the Federal requirement of 0-2% maximum organic
insoluble. All samples passed the limit of 90% minimum solubility in carbon tetra-
chloride.

It is stated that the data do not afford definite information regarding the sourco or
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method of refining the bitumen, whilst uniformity of supply cannot bo controlled
and no indication is given as to measures nocossary to prevent dotorioration during
mixing, construction, and in service.

In a discussion of various methods of expressing susceptibility it is pointed out that
tho uso of tho factor obtained from penetration tests at 115° 11, 77° F., and 32° F. is
limited owing to tho fact that many materials are too soft at 115°F. Ono State re-
quires that the ponetration at 39-2° F,, 200 gm. 60 sec. must be greater than 30%
of tho penetration at 77°F. 100 gm. 5sec., and this would mean the rejection of four out
of five Californian bitumens of both grades and four out of five Oklahoma and one Texas
bitumen of 85/100 grade. Penotration determinations with load of 100 gm. for 5 sec.
at 9°F. temperature intervals from 32° to 104° F. gave linear relationship between
temperature and log. of penetration. Extrapolation showed that the penotration at
tho softoning-point temperature ranged from 540 to 1060 for the 50/60 grade and from
620 to 1300 for the 85/100, and thus did not confirm tho assumption of Pfeiffer and
van Doormal that the penetration at the softening-point is 800 for all bitumens. The
extrapolated values woro chocked on several samplos by determining the penotration
at 115° F. using a 6-in. needlo.

It is thought that the slopo of tho log penetration-tcmperaturo curve is a true index
of susceptibility, whereas the ponetration index distorts tho rosults. Tho fluidity
factor is thought to bo unsatisfactory for identifying the crudo source, for which it
was originally proposed, and while viscosity at high temperatures is of value in
connection with mixing operations, a susceptibility factor based on viscosity at theso
temperatures maynot adequately indicate change of consistencyat service temperatures.
Tho fluidity factor of 140 minimum in certain specifications would exclude a largo
number of the bitumens. The minimum float-test index of 90 specified for bitunions of
40/70 ponetration was not mot by twenty-four samples.

The various susceptibility factors when plotted against tho slopo of tho log-peno-
tration-temporaturo curve aro said to show that tho empirical factors aro only
approximate measures of susceptibility which might bo used to control uniformity of
supply and for identification of source of bitumens.

Tho ductility test under normal conditions is said to give little information on the
ductility characteristics of bitumens and a comprohonsive study was made of effect
of temperature and rate of pull. A special machine in which temperature could ho
controlled, rate of pull varied over a wido range and ductilities up to 250 cm. measured.
At a given rate of extension all bitumens were found to have a maximum ductility,
and in most cases tho ductility decreased rapidly above 95°F. Bitumens having
identical ductilities with a given penetration differed widely at a different pono-
tration. Tho sourco and method of manufacture woro found to influence greatly tho
ductility characteristics.

A sot of Mexican bitumens of varying ponetration was tested for penetration and
ductility at various temperatures, and it was found that the log-ponotration-
temperature slopo was the samo for each bitumen, whilst ductilities were essentially
the same at the same penotration. In tho low-temperature tests no relation between
ductility and temperature or rate of pull common to all bitumens or to bitumens from
a particular source was exhibited.

Fourtoon samplos of 50/60 gave positivo spots in tho Oliensis test, and, of those,
three had xylono equivalents less than 16 and three moro than 60, whilst fifteen
samples of 85/100 wore positive, with nine having xyleno equivalents less than 16
and two more than 60. The bitumens having high xyleno equivalents also failed to
pass Benson’s film weathering test.

It is stated that the Californian bitumens failed to pass tho greatest number of
requirements, and tho Mexican, with ono exception, tho least. Bitumens of high
xyleno equivalents fail to pass larger number of requirements than homogeneous or
slightly heterogeneous bitumens. Next to Moxiean, the Venezuelan bitumen having
negative spots and Arkansas bitumens show least number of failures. Tho authors
conclude that the failure to pass many of the special requirements of bitumens from
sources considered satisfactory justifies tho discouragement of use of discriminatory
tests that do not measure quality.

o definite correlation between test data and performance of tho bitumens in service
was found to indicate that any of the tests aro true measures of quality or durability.
A. 0.
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1600. Measurement of Resistance of 00 Asphalts to Changes in Penetration and
Ductility at Plant-Mining Temperatures. C. L. Shattuck. Proc. Assoc. Asph. Paving
Techn. 1940, 2, 186-203.—1t is pointed out that work of various investigators shows
that potroloum bitumens gradually decrease in penotration when exposed to oxidizing
conditions during manufacture of hot-mix paving materials, and while tho softening-
point increases in fairly constant ratio with decrease in penetration, the ductility
loss varies considerably with different bitumens.

Tho author is of tho opinion that resistance to change in ductility when bitumen is
exposed to oxidizing conditions is of greator importance than retention of penotration.

An attempt was made to correlate cracking of pavements with change in tho asphalt
cement due to mixing operations, and tests were mado on bitumens recovered, by tho
Abson mothod, from samples of sheet asphalt taken from satisfactory and badly cracked
sections of streets which had been in service under similar traffic conditions for the same

eriod.
P Tho results indicated that tho low-ductility clanger point appeared to bo 50 cm. at
77°P. and 10 cm. at 60° F. for pavements reported as in very good condition and 25
cm. at 77°F. and 5 cm. at 60° F. for pavements in good condition, whilst pavements
were vory badly cracked when ductility was loss than 25 cm. at 77° F.

The penetration drop is said to bo less than would be expected if cracking was duo
to low penetration, although pavements woro in a badly cracked condition when tho
penetration was lower than 20.

Tests on stroots constructed in 1935 with plant having latent control features woro
very satisfactory ; the ductility of recovered bitumen was + 110 at 77°F. and 60° F.
in two samples, whilst in two other samples tho ductility at 60° F. had decreased from
-|- 110 to 10 cm. It is considered that the ductility at 60° F. is of moro valuo in com-
paring bitumons than tho tost at 77° F.

Details aro given of a tost to determine tho effect on penetration and ductility
whon bitumen is submitted to mining operations ; this consists in mixing 1880 gm. of
Ottawa sand at 400° F. with 120 gm. bitumen at 300° F. in a small pug-mixor heated
to 275-300° F., for 1 min. Tho mixture is then placed in a motal pan, having dimen-
sions 7" x 11" X 1J", and heatod in an oven at 350° F. for 30 min., after which it is
spread on hard paper to cool and the bitumen finally recovorod by the Abson mothod.

Tests mado on a number of bitumens with Ottawa sand and with standard sheet
asphalt aggregate showed that results in two laboratories were in good agreement and
that hardening was greator with tho Ottawa sand.

In order to confirm that tho mixing test with Ottawa sand was more severe than
plant-mixing, tests wore made on a number of paving mixtures taken after laying.
Tho temperature of mix, length of haul, and timo from mixer to laying aro recorded
with tests on the recored bitumen. A.0.

1601. Analytic Mechanical Testing of Bituminous Mixes. V. A. Endersloy. proc.
Assoc. Asph. Paving Techn. 1940, 2, 158-185.—Tho author states that asphaltic
onginoering has slowly changed from uso of expensive full-scale experiments to
empirical tests intended to ovaluato bohaviour of bituminous mixtures, and it is thought
probable that mechanical tests will be placed on a true analytic basis in the near
future.

It is considorod that as all failures of bituminous pavements result in loss of load-
carrying ability there is no basis for sciontific predetermination of quality until
mechanical tests bocomo accurately related to traffic load capacity.

The method of analysis should bo able to examine the factors contributing to failure
or success separately, and steps in tho solution of tho problem are as follows : use of a
mothod of mechanical testing which will show the different interval resisting factors
separately. Evaluation of tho physical and physico-chemical factors which affect
tho internal resistances by uso of different combinations. Correlation of the factors
with traffic, exposure, subgrade conditions, thickness of pavement, etc. The method
which tho author believes to fulfil the first requirement, and which has enabled progress
to bo mado on the other two steps, is discussed.

In the stability test employed, known as tho triaxial test, a cylinder of material
surrounded by a liquid under pressure is compressed, and tho relationship between
the vertical loading and tho lateral hydraulic pressure gives the resistance of the
material. Pressures ore determined at two or moro levels, and the results are analysed
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by means of the Mohr Circle diagram. Tho fundamental principles of the latter are
discussed. A. 0.

1602. Physico-Chemical Factors of Importance in Bituminous Soil Stabilization.
H. F. Wintorbom and G. W. Eckert. Proc. Assoc Asph. Paving Techn. 1940, 2,
204-253.—Tho paper describes investigations which were undertaken for the purpose
of demonstrating and analysing physico-chemical factors of importance in the bitu-
minous stabilization of cohesive soils.

The work included tho study of six soils, showing a wide variation in physical and
chemical character, and eighteen bituminous materials of different origin, method
of processing, and physical and chemical characteristics. An investigation was also
mado of the behaviour towards water of soil-bitumon systoms consisting of all possiblo
variations of tho soils, including ionic modifications, and bituminous materials.

Tho bituminous materials were identified by means of the standard physical tests,
Marcusson analysis, qualitative solubility tests, heterogoneity in various solvents.
Benson heterogeneity and quantitative extraction tosts. Certain modifications were
made in the Marcusson procodui-o, and in addition to tho usual Marcusson classifications
the materials were grouped according to the volume of benzene required to give clear
solutions in aleohoi, tho colour of the asphaltenes and resins and dispersability of
asphaltenes in anilino.

It is pointed out that although a single qualitative test is of no value, tho data
obtained from examination with a series of solvents under specified conditions is
useful in indicating functional relationships between materials.

In making tho solubility tests } gm. of bitumen was placed in a test-tube with 10 ml.
solvent and examined after shaking at intervals for 3 days. Alcohols had littlo action
on the materials, while nitrobenzene and carbon tetrachloride failed to differentiate
between them. Tho materials were separated into two distinct groups and a third
group in which members were related to oach othor and to members of the other
groups.

Tests forhotorogoneity woro mado by vigorously shaking tho tubes and, after allowing
them to stand for 1-2 hrs., pouring a drop of the supernatant liquor on to a filter
paper.

Note was made whether tho spot was homogeneous and of the colour intensity.
Simple and differential functions woro established, but did not give additional infor-
mation to tho solubility tosts.

Successive extraction of the materials was made in a Soxhlet type of apparatus
using various acetates and benzene and carbon tetrachloride.

Tho results aro said to show that groups termed oils, resins and asphaltenes in tho
Marcusson separation do not possess a definite meaning, and different groups of
materials having different properties may be wrongly classified.

Tho stabilized soil specimens were prepared by grinding the soil to pass the 40-mesh
sieve, adding water to bring it to the plastic limit and 7-5% of bitumon on tho air-dry
soil; this was mixed until no oil clots could be detected. The mix was then manually
compacted in a circular mould 1in. high and 14 in. diameter, taking sufficient in ono
portion to prepare tho specimen. After removal from the mould tho specimen was
slowly dried at room temperature to constant weight.

The specimens were noxt immersed in distilled water and weighed after periods
of 1to 36 days, aftor which the penetration was determined with the bitumen penetro-
meter using 100 gm. for 10 secs. Tho results obtained aro tabulated and the effect
of tho various properties of the materials is discussed.

It is concluded that tho success of bituminous soil stabilization is a function of tho
general character of the soil and its exchange cations, and of tho character of tho
bituminous material employed. A. O.

1603. Avoiding Trouble in Design and Control of Oil-Aggregate Mixtures. F. R.
Olmstead. Proc. Assoc. A sph.Paving Techn., 1940, 2, 258-289.—Tho author discusses
the procedure adopted by the Michigan State Highway Department in oil-aggrogato
construction, using slow curing asphaltic oils, on approximately 750 milos of secondary
roads. A. O.
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1604. Graphical Presentation of Constituent Material Percentages and Resulting
Stabilities of Sheet Asphalt Mixtures. R. W. Gamble and T. T. Rodgers. proc.
Assoc. Asph. Paving Techn. 1940, 2, 290-301.—The authors desired to obtain a
picture of tho data obtainod from determination of llubbord-Fiold stability of a
largo number of shoot asphalt mixtures, and tho method eventually adopted was to
represent the porcontago composition of tho mixtures by means of a triaxial diagram
drawn on a pioco of plyboard and stability by means of pieces of wire cut to scalo and
inserted in tho board perpendicular to tho plane. A shadow-graph was then obtained
by photographing tho shadows cast by the wires on a ground-glass screen A. O.

1605. Development of a Maximum Density Curve and its Application to the Grading
of Aggregates for Bituminous Mixtures. W. H. Campon. Proc. Assoc. Asph. Paving
Techn., 1940, 2, 302-314.—Tho paper describes tho construction of a maximum density
curve for bituminous aggregates up to 21 screen size. A. 0.

1606. Gradation of Mineral Aggregates for Dense Graded Bituminous Mixtures. F. N.
Hueem. Proc. Assoc. Asph. Paving Techn., 1940, 2, 315-339.—In investigating tho
influence of aggregate gradation on behaviour of oil-mix surfacings it appeared that
satisfactory surfaces could bo constructed with littlo regard to gradation, providing
tho bitumen content was adjusted for tho particular aggregate and gradation. Tho
author therefore compared gradings of various mixtures which have boon proposed,
in an attempt to find some common feature. The data were plotted on semi-loganth-
mic charts, when it was found that all of the gradings passod close to the point corre-
sponding to 31% of tho material passing a size equal to 0-031 of the maximum size of
tho gradation, and this information was made the basis for the construction of charts
for tho design of mixtures. A. 0.

1607.* Analysis of Bituminous Materials. R. Preston. 1. soc. chem. ind., 1940,
59, 99-108.—This paper is concerned with the analysis of mixed road materials, with
special reference to binder contents. Since variation in the binder content is considered
of greater importance than any of tho other factors in tho “life” of a road, it is
necessary to determine accurately how closely it follows specification. Tho solvents
generally usod are discussed, and it is pointed out that trichlorethylono can only be
used if the properties of tho recovered binder aro not required. Errors in sampling
mainly arise when the bulk sample is taken, and may be due to variations in tempera-
ture, stoppages in tho plant, variations in the stock pile of aggregate, timo of mixing
and chango of composition of tho mix. In tho case of samplos taken at tho roadside,
especially if open-textured and with a soft binder, the errors may bo considerable.
Tho uso of a U-shaped sampling scoop is recommended and tho best procedure
described.

Variation in analysis results may be duo to the preparation of the sample for analysis,
the characteristics of the binder and aggregate, tho possibility of absorption and
adsorption of binder, tho effect of water, and to tho charges occurring in aggregate
and binder during mixing or in the operations of analysis. Since analyses of synthetic
mines aro in general lower than expected, experiments were carried out which showed
that, as tho particle size of tho material decreased, tho difference between observed
and true values for the bitumen content increased, but not proportionally. It was
found that pyridine would remove further bitumon from tho stone after “ complete ”
extraction with carbon disulphide, and it was demonstrated by further experiments
that some of the bitumen was adsorbed on the aggregate. This adsorption effect
was not so pronounced with damp aggregate. It was further shown that the pro-
portion of bitumen adsorbed decreased as the concentration of bitumen increased, in
conformation with tho Froundlieh isotherm down to 0-2% bitumen for tho materials
used. Itwas also concluded thatselective adsorption of tho bitumen {e.g., asphaltenes)
does not occur. It was found that tho uso of a suitable mixture of solvents (e.g., 1 of
ethyl alcohol to 5 of carbon disulphido by volumo) removed more than half of tho
adsorbed bitumen, and further work will bo carried out on this mixture.

Sampling errors occurring in the laboratory during division of the bulk sample
were found to be very small, and triplicate 500 gm. samplos ore recommended. Errors
may arise owing to omission of tho correction for water in the sample, sinco complete
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removal of the moisture by direct drying is impossible in most cases. The method of
hot extraction with toluol is preferred for rapidity and case of control in analysis and a
suitable apparatus designed to recover the solvent is doscribod. Tables of a largo
number of rosults obtained with various typos of common road surfacings show that
the methods of analysis give rosults within the standard tolerance permitted. Tho
errors inherent in tho procoss of manufacture and in sampling aro greater than those
of tho analysis. Where, however, an accuracy greater than the Standard is required,
it is suggested that a correction (c) bo addod to tho result obtained, by application of
the empirical formula ¢ = (0-03A + 0-1S + 0-2f’)/100, where A = % by wt. of
stone, s that of sand and r that of filler. H. G W.

1608.* Control of Bituminous Road Materials by Analysis. G. H. Fuidgo and R.
Preston. 1. soc. chent. Ind., 1940, 59, 108—114.—While the road-binders aro manu-
factured under closo control, only a small proportion of the mixtures of these binders
with aggregates is subject to similar control, and those aro mainly asphalt mixtures.
It was soon found that carefully graded thin carpets could give satisfactory sorvice
without surfaco dressing, but it is pointed out that this only arises in general if tho
mixes aro scientifically controlled. Characteristic type of failure occur if the mixture
is too fat or too loan. Tho permissible binder range is called tho “ bindor latitude,”
and this bocomes smaller tho finer tho aggregate grading. For a normal thin carpeting
to give throo yoars’ sorvice tho latitudo should not oxceod + 5%—i.e., 0-5 gall./ton
on a binder content of 10 galls./ton. Examplos aro given showing tho wide variations
sometimes obtainod boeauso of tho general insonsitivoness of tho measuring devices,
tho development of definite inaccuracies, or inefficient oporation. Results show that
thoro is a strong case for the genom| application of sciontifie control to all bituminous
mixtures usod on tho road, for the increased cost would bo more than justified by tho
improved “ lifo.” No simple mechanical tests aro yot available that can bo generally
applied in a few minutes, and thus permit hour-to-hour control. Analysis is therefore
loft, and using the hot extraction method (Road Research Board Report, 1936, 52)
tho complete result can bo obtained in 24 hrs., oven with tar if suitable corrections are
mado. Under most conditions daily samplos are probably advisable, but if a plant is
working efficiently loss frequent sampling may bo adequate. It is best to tako as a
sample a number of small increments from several batches on the plant. The authors
quoto furthor examples to show tho value of analysis in detecting serious and un-
suspected doparturos from tho specification, tho probablo cause, and thus tho necessary
corrective measures. It is shown from those examples that when careful control is
exorcised, the specified mixture can bo readily obtainod. Periodical test, with over-
haul and renovation to maintain the efficiency of tho mixing plant as soon as required,
aro thoroforo advised as sound economy. H. G. W.

1609.* Stability of Emulsions. Part n. Emulsions Stabilized by Hydrophilic Colloids.
A. King and L. N. Mukherjeo. . soc. chem. ind., 1940, 59, 185-191.—The sizo-
frequency technique described in tho previous paper (0. soc. chem. ind., 1939, 58,
243) has been applied to that important industrial group of emulsions stabilized by
hydrophilic colloids. Previous work on this type of emulsions is discussed and the
lack of quantitative comparison of their emulsion stabilities is indicated. Using
kerosene and olivo oil it has been found that most of those colloids form emulsions
considerably coarser than the soap-stabilized systems, but often moro stable. Tho
smallest particles are much more stable than tho larger ones at higher temperatures
duo to tho docroase in viscosity of the continuous phase. As with soap emulsions, tho
analyses of the freshly prepared emulsions give little or no indication of tho stability,
and in this case, as well, the time of half-break may be quito misleading—e.g., with
lecithin-stabilized emulsions. The stability was therefore measured during both the
initial rapid change and the secondary slow change, and no singlo numerical value
could bo obtained to express it (as with soap emulsions). It is pointed out that high
stability alone will not characterize a good emulsion. Contrary to soap-stabilized
emulsions, hydrophilic colloid emulsions vary with tho nature of tho oil, probably
due to the greater mobility of some (e.g., kerosene, which gives finer emulsions initially).
Those emulsions aro less fine, but superior in many ways to soap omulsions, since,
only with lecithin is there any separation of free oil on ageing, probably since it
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gives much less viscous emulsions than with gelatin, agar agar, and tho gums tragacanth
and acacia, which were especially good. On tho addition of calcium chloride it was
found that omulsions of high viscosity (e.g., gum tragacanth) were scarcely affected by
the prosenco of calcium ions, whilst tho moro mobile systems (e.g., lecithin and
saponin) coarsonod rapidly. Similar results were obtainod with hydrochloric acid.
In goneral, those agents which form very viscous emulsions or gols at ordinary tcmpora-
tures give coarse stable omulsions, but if tho conditions cause a docroaso in viscosity
(e.g., heat) or a gel-sol transformation tho emulsion deteriorates immediately (e.g.,
agar agar at 85° C.). Thoy conclude that the efficiency of theso emulsifying agents is
duo to their power of forming a solvated membrano of considerable strength at tho
oil-water interface, whilst a considerable amount remains in tho dispersion medium.
H. G.W.

1610. Patenton Asphalt and Bitumen. V. L. Shipp, A. Il. Boonau, and J. W. Ramsay.
U.S.P. 2,215,074, 17.9.40. Appl. 21.3.40. Production of an asphaltic material of
relatively low temporaturo susceptibility and high ductility by selecting a bituminous
material comprising a substantial amount of asphaltic matter and oil of relatively low
viscosity index. H.B. M.

Special Products.

1611. Patents on Special Products. National Oil Products Co. R.P. 526,699, 24.9.40.
Appl. 23.3.39. Production of sulphonated fatty materials which includes subjecting
a washed and neutralized sulphonated animal or vegetable oil, fat, or fatty acid to
dehydration under reduced pressure.

Wingfoot Corporation. E.P. 526,743, 25.9.40. Appl. 1C.2.39. Preparation of
carbon sulphoselenide by reacting hydrogen selonide with an aryl isothiocyanate or
an aryl thiourea and afterwards separating tho resulting carbon sulpho-selenido.

Wintlirop Chemical Co. E.P. 526,747, 25.9.40. Appl. 2.3.39. Manufacture of a
new water-soluble sulphonamido compound by condensing p-aminobenzono-sulphon-
amido with maltose in the presonee or absence of a traco of ammonium chloride.

B. E. D. Kilburn. E.P. 526,960, 30.9.40. Appl. 24.3.39. Production of
sulphonated fatty materials by dispersing a crudo sulphonation mass consisting of
sulphonated animal, vegetable or marine oil, fat or fatty acid, in at least an equal
volume of a substantially anhydrous organic solvont. Subsequently the sulphonation
mass is neutralized, tho inorganic salts precipitated, and tho solvent and residual
moisture removed by distillation.

F. Hoffmann-La Rocho & Co. A.G. E.P. 527,006, 30.9.40. Appl. 18.3.39.
Production of trimethyl-hydroquinone monophytyl othor by reacting a phytyl halide
with trimothylhydroquinone in approximately cquimoleeular proportions in the
presence of an alkali.

Imperial Chemical Industries, Ltd. E.P. 527,317, 7.10.40. Appl. 4.4.39.
Manufacture of thiolactains by reacting hydrogen sulphido with a primary mono-
aminomononitrilo.

E. I. Du Pont do Nemours. E.P. 527,366, 8.10.40. Appl. 5.4.38. Preparation
of a viscous hydrocarbon oil having incorporated therein a small proportion of at
least one heterocyclic compound of specific formula.

T. L. Cantreel and J. S. Stockhardt. U.S.P. 2,214,875, 17.9.40. Appl. 25.6.38.
Preparation of an oil-soluble organic compound suitable for use as an improvement
agent for hydrocarbon oils. Tho compound is prepared by reacting an olefine and a
phenol in tho presence of a catalyst and treating at loast a portion of tho resultant
product with a phosphorous oxyehloride in the presence of a catalytic amount of
phosphorus sosquisulphide.

W. H. King. U.S.P. 2,215,472, 24.9.40. Appl. 2.4.40. Production of partly
oxidized products of normally liquid aliphatic hydrocarbons by introducing the

QQ
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hydrocarbonsin vapour phase, together with an oxidizing agent, into a reaction chamber
at a temperature of 250-500° C. The materials are then reacted for 15 secs, in the
presence of totraothyl lead, the reacting materials removed, together with the reaction
products, from the chamber while still in vapour phase, and the unreacted hydrocarbon
and oxidation products condensed under non-reacting conditions.

W. H. King. US.P. 2,215,473, 24.0.40. Appl. 2.4.38. Production of partly
oxidized products of normally liquid aliphatic hydrocarbons by introducing the
hydrocarbons in vapour phase, together with an oxidizing agent, into a reaction
chamber at -.50-500 C. and reacting the materials for a period not exceeding 15 secs
m the presence of copper olcate.

W. H. King U.S.P. 2215,474, 24.9.40. Appl. 2.4.38. Production of partly
oxidized products of normally liquid aliphatic hydrocarbons by introducing the hydro-
0-n S n Vap°Ur Pha?0»toS°thor with an oxidizing agent, into a reaction champber at
-ou oUU U and reacting the materials for a period not exceeding 15 secs, in the
presence of nitrobenzono. H B M

Detonation and Engines.

Light Aircrait Engines- C. F. Backlo. . soc. aut. Engrs, 1940,
4b, _43-_49. Progress in the production rate of light aircraft in tho last few years
indicates that tlio 1940 production will be double that of 1939 if the rocent rate of
increase is maintained, which would give a figure of about 6,500 aircraft in the present
year. | wo types of light aircraft are the most popular—viz., the 50-h.p. class and the
higher performance types up to about 90 h.p. Details are given of the means adopted
to increase the output of ono 50-h.p. ongine, which ran at 1900 r.p.m. with 65 octane
fuel and 5-4-1 compression ratio, to 90 h.p. running at 2700 r.p.m. with 80 octane
fuel and 7-5-1 compression ratio. This entailed modification of cylinder-head design
exhaust valves and seats, pistons and rings, valve mechanism, and fuel injection
equipment. A detailed discretion of the fuel injection equipment is given, and tho
merits of fuel injection aro dealt with. CHS

1613.* Engine Deposits—and the Effect of some Fuel Additives. J. A.Mollerand H L
Moir. 1. Ac* aut. Engrs, 1940, 46, 250-261,-T his article describes apparatus used
and pioceduio followed in extensive tests made to examino tho manner in which
fuol-residue deposits aro built up and dispersed, and the effect of various fuel additives
on such depositions. Tho data obtained on a number of engines of various types were
found to be relatively comparable, and for the sako of brevity the result from one
engine and from ono type of additive only aro dealt with in detail. A laboratory
apparatus lor determining gum-solvency effect of additive compounds is described
which consists of a carburettor connected to an electrically heated chamber in which is
placed a plate with a known weight of gum. Fuel is drawn through this chamber and
condensed, the collecting flank being connected to a vacuum lino. The *‘gum solvency *’
properties of the fuel are determined by loss of weight of tho coated plate.

To facilitate the examination of engine deposits at frequent intervals during a test
special pistons with removable heads wore used.

Many photographs are reproduced which show how the ongine deposits build up in
wave-like formations and becomo dispersed, tho dispersal presumably being due to
mechanical blowing away of loosened particles, or to burning of tlio deposit because
it had lost its ability to dissipate heat after severing its bond with tho metal. The
effect of varying load and speed is dealt with at some length

Road tests were made to determine the effect of deposits on octane-number require-
ment of various cars over extensive mileages with and without additives in tho fuel

It is shown how carbon deposits reach equilibrium conditions and how the use"of
tho proper quantity and type of additive makes it possiblo to obtain and maintain
minimum deposition, with consequent improvement in engine condition. C.II. S.

1614.* Status of Fuel Performance Tests in Aviation Engines. R. F. Gagg 1 soc
aut. Engrs, 1940, 46, 271-272.-The author contends that single-cylindcr engine®
using full-size cylinders often give misleading results in rating aviation fuels because of
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unavoidable dissimilarity in the single-cylinder and multi-cylinder operation, and
thinks that such test units should bo employed only as a pilot for full-scale testing
until tho results of the two kinds of tests aroin substantial agreement and are validated
by actual service experience. Tho procedure for detonation rating tests of fuels in
aircraft engines already developed by the Co-operative Fuel Research groups has
proved quite satisfactory for measuring fuel characteristics at cruising powers, but it
sooms clear that no fuol test or comparison at a singlo power-output level can provide
all the information needed to judge its qualities for take-off operation. To make a
series of test runs similar to tho cruising rating test, but at increasing power output
values, is slow and cumborsomo, although it would supply the necessary data, A
procedure is outlined and actual test data are givon showing results obtained by running
only the “ end-points ” of the mixture control runs previously mentioned. In these
tests the throttle is gradually opened with other engine conditions held constant until
the fuel begins to exhibit signs of distress. The proceduro is repeated at various
mixture strengths, and curves are thus established showing maximum permissible
power outputs at varying mixture strengths. This typo of tost does differentiate
botwoon fuels for use at take-off power conditions, a resultwhich cannot bo accomplished
by the single test used for cruising rating. C.H.s.

1615. Criterion for Knock in Petrol Engines. R. C. Plumb and A. C. G. Egerton.
J. Insln. Meek. Engrs, Sept. 1940; Proc., 1940, 143 (4), 247-260.—Tho customary
methods of rating fuels for their knocking characteristics—i.e., by determining
their highest useful compression ratio or by comparing them with standard roforonce
fuels—aro depending on standardized ongino conditions; the results aro not always
valid for widely different engine conditions. Tho authors’ problem was to correlate
the knocking tendency of a fuel with the physical conditions in the cylinder which
cause tho knock, and with its ignition qualities in a bomb. Tho method of approach
was to find a function of the physical conditions, such that tho attainment of a critical
value during the stroke by this function would bo a criterion of knock. This critical
value should depend solely on tho fuel-air mixture used, and be entirely independent
of engine conditions. Consideration of the physical conditions affecting the tendency
of the end-gas to knock at any instant ¢ leads to tho conclusion that tho criterion
should bo of tho form : (amount of peroxides present) x (some function of the physical
conditions at the instant t).

Engine tests were made on two blends of technical fso-octano and n-hexane, and
on a commercial gasoline. Tho octane numbers were 57, 81, and 75, respectively.
The engine used was a single-cylinder unit; the compression ratio was varied in steps
between 4-9and 8-23 : 1. Knocking conditions were dotectedby moansof a cathodo-ray
oscillograph. The method of test was to dotormino a series of operating conditions—
compression ratio, air—fuel ratio, etc.—which would cause incipient knock ; for each
sot of conditions indicator diagrams were recorded photographically.

The form finally selected for tho criterion was

where p denotes mean gas density in the cylinder at time « from tho start of reaction,
p tho absolute pressure at time t, r tho surface/volume ratio at time t, and r o the
absolute pressure at which reaction, leading to the formation of peroxides or other
intermediate products, starts. The method of evaluating r is explained; it is shown
that, for each fuel under conditions of incipient knock, the maximum value of r
approaches a constant independent of tho running conditions. In another engine
the numerical values would be different, but the form probably very similar. Tho
accuracy of the calculation and of the form of tho criterion aro discussed. It is
suggested that this work may be a step towards the establishment of a more rational
mothod of knock rating.

Ignition experiments in a bowl indicated that the same critical value of tho same
function is a criterion of auto-ignition, and they suggested a similarity between the
mechanism of knock in an engine and auto-ignition in a bomb. K. A.

1616.* Oil Filtration. A.H. Stuart, Auto. engr, 1940, 30 (399), 213.—The theoretical
considerations of a filter are first dealt with, the effect of viscosity, etc., pressure, and
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fineness of mesh bomg noted. Filtering efficiency without qualification is stated to
bo meaningless, as in general a compromise has to bo struck between rate of filtering
and the degree of removal of unwanted material. Even although a used I.C. engine

loft bth°°r a u logks 1*0 new’” Inuch unwanted and harmful material is
left behind. A descrlptlon is given of possible contaminants, particularly those

FEABHIBAT AT HHALE, firde FEMRNRLPIOH i 918!y  those caused by high-temporature

Considering tho types of filters in use, it is shown that an increase in pressure will
not always cause an increase in tho rate of filtration, and may even cause a considerable
xeduction  Gauge, edge, and cloth typo filters aro discussed, as woll as those usimr
paper. Tho surface action of filtor papersis dealt with, and an experiment is described
showmg how important is the pj, of tho filtor in relation to tho filtering power of the
nothin’ « |,°r It.causos flo?culation or not. This surface action is particularl
notlceable in filters incorporating Fuller’s earth or activated charcoal. Althoug
the oil from these urnts may appear extremely clean, it is pointed out that actually
this may bo undesirable, as active constituents, especially added to the oil, may have
beon removed. It may bo argued that once this surface activity is satisfied, no more
adsorption can take placo; experiments with oilclay have shown, however, that oven
dect r°Pea ciroulation through tho filter the surface action continues to remove
decreasing amounts of tho graphite at each circulation. Tho rato of filtration in this
experiment actually increased with increasing time in circulation.

Lubrication experts aro endeavouring to increase the usefulness of lubricants by
incorporating“ manamounts of active ingredients; on the other hand, certain filters

“ R'n®designed to refine ’ the oil in the crankcase. Unless some co-operation
earn bo achieved between these antagonistic endeavours, further improvements in
hAncataig oils will bo obstructed. Recent papers have dealt with this subjoct, and
stressed tho danger of some types of filters removing essential additions. It would
appear that tho best results would be achieved by the use of a full-fiow filter with the
minimum of absorptive properties combined with frequent renewals of the oil  In tho
latter connection it has been shown that the bearings of engines operating with

H * _K_yw *
isszsz SasSrn,n » » TR

1617.* Road Performance of Gasoline Obtained in Laboratory Tests. Anon. nNat
Petrol News, 29540 32 (40), R.202. Abstracts of Paper by H G. Smith at 10th
test met g ; g liort ort 0.5.40.—A full-scale en%me laborator
test method for In |cat|ng the average roa performance or road octane numbe
is being expanded to larger use after 3 years of experimental work which has indicated
the reliability of the method. The method is known as the A.l.L. (aeceleration-
f X f HAICGRhTa,! cardlod out Indicat0 th*tha reduction of tho coollnr%
water exit temperature is accompanied by a decrease in tho octane-number requi
ment, whilst a substitution of water for dilute alcohol as the cooling medium has tho
reverse effect, owing to tho decreased heat capacity of alcohol. Empirical formula!
for converting octane numbers (A.S.T.M./C.F.R.) into A.l.L. ratings are given 'The
conversions involve tho acid-lieat value (A.S.T.M.). H G

Economics and Statistics.

1618. Petroleum Statistics, 1935-38. G. R. Hopkins. U.S. Bureau of Mines
Economic Paper 20.—_G R. Hopkms, Assistant Chief Economist of tho Petroleum
Economics Division, U.S. Bureau, of Mines, provides a useful Instory of petroleum
atistics of the United States. There are also particulars of the form in which they
n°w Presonted, and of tho sources from which they are derived. Prior to 1925
statistics were collected by tho Geological Survey. On 1st July, 1925 tho work

1 S T ' B~ °f Min-- Th° hi*tOrical “ pSent tan bo »
rulw!:~m .‘nUal frist 1s °f crude'oil production by States and fields published bv

ow °n X affifficnhe; Subffqu°ntlyuaT T a"d feW°r figures ny flolds became available,
few af pnnc' pal felds deta'lS°fW ® “ mnS: ~Nted toa



ABSTRACTS. 533 a

1883.—Pipe-line stocks, back to 1871, first published.

1917.—Bureau of Mines commenced statistics of refinod products (production and
stocks). This was primarily a military measure.

1921.—Data on producing wells published by Geological Survoy. Subsequent
information is obtained from oil & GasiJournal, Standard Oil Bulletin and American
Petroleum Institute.

1925.—Bureau of Mines took over Geological Survoy statistical work. Tables of
supply and demand for all oils first published. Statistics of imports and exports
obtained from Bureau of Foreign and Domestic Commerce.

1926.—Annual figures of fuel-oil distribution started.

1927.—Figures first published of production of gasolino by cracking.

1933.-—First issue of minerals vearbook, in which all petroleum statistics were
assembled.

1934.—First figures obtained of crudo-oil stocks by States of location, subsequently
incorporated in weekly figures.

1939.-—Bureau of Foreign and Domestic Commerce established new classifications
for import and export data, which agree more closoly than previously with Bureau of
Mines classification.

Each of tho series of statistics referred to above is illustrated in the paper by monthly
and annual figures relating to tho yeara 1935-1938. L JOA.

1619.* Crude Petroleum and Petroleum Products. A. G. White, G. 11. Hopkins, and
H. A. Broakoy. U.S. Bur. of Mines. Chapter (preprint) from m inerals vearbook,
1940, Review of 1939, with Final Statistics for 1938. 100 pp. 15 cts.—The chapter
on crude petroleum and petroleum products to bo included in the Minerals Yearbook
for 1940 has already appeared as a separate publication. Apart from detailed statistics
on reserves, supply, demand, production, consumption, and prices of crude petroleum
and refinod products, it contains some interesting data in summary form.

In 1939 world production of crude petroleum amounted to 2077 million barrels,
and represented an increase of 38 million barrels over the previous peak figure attained
in 1937. The United States was responsible for 61% of tho world total, as in previous
years, but there were increases of 18 million barrels in Venezuela, 4 million barrels in
Netherlands Indies and 8 million barrels in Soviet Russia. Production in Rumania
again declined, and was 15 million barrels less than in 1935.

Incidence of the war in Soptember 1939 had less effect on tho oil industry in the
United States than had been anticipated, although the last quarter of that year was
characterized by a very active fuel-oil market. The fact remains, however, that largo
foreign war demands did not materialize, and, in consequence, there was at that time
a large excess production of gasoline.

Changes in regard to world oil consumption duo to war conditions were somewhat
clarified during the first quarter of 1940, it then becoming apparent that much of the
increase in war demands could be offset by restrictions of civilian consumption. As
far as the United States were concerned, certain important markets were cut off by
blockade ; exports to many neutral countries were reduced and legislative restrictions
affecting movement of American ships into war zones diverted the demand for oil
to other sources. Thus total oxports were approximately 23% less in the first quarter
of 1940 than in tho same quarter of 1939.

The total demand for oils in 1939 of 1418 million barrels established a new' record,
and was about 75 million barrels higher than the previous peak figure attained in
1937. Domestic demand largely accounted for tho increase, it being 92 million barrels
greater in 1939 than in 1938. H. B. M.

1620. Natural Gas. F. S. Lott and G. R. Hopkins. Chapter (preprint) for m inerais
Yearbook, 1940. U.S. Bur. of Mines.—The estimated consumption of natural gas in the
United States during 1939 was 2-435 x 10122cu. ft. This was 6% more than in 1938.
Conspicuous increases occurred in Pennsylvania, Ohio, and West Virginia, in conse-
quence of expansions in the steel and related industries, induced by the European
war. The average value at points of consumptionwas 22 cents per thousand cubic feet.

A briefreview is given of legislation,employment, completed and producing gas-wells,
and a more detailed account of exploitation in different fields and of pipo-lino develop-
ments. Following an analysis of principal consumers, it is stated : “ Among recent
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applications of natural gas to industrial processes may be mentioned the production
of inert atmospheres from products of gas combustion. These inert gases are useful
in the manufacture and storage of a number of materials, notably paints and varnish
to prevent or reduce oxidation. The greatest potentialities for the future, however
are indicated by new chemical techniques and discoveries that will utilize natural
gas as a raw material. The manufacture of such bulk products os fabrics, a variety
of plastics and synthetic rubber is emerging on a commercial scale ”

1s-T o ~ U-S-B-al- Circular 7108, H. M. Smith on Utilization ofNaturaI
Gas for Chemical Products. (See Abstract 923, Oct. 1940.) S A

N MUral GaB0iine a°d Li«uefied Petroleum Gases. G, R. Hopkins. Chapter
(Preprint) from ™ ineral Yearbook, 0. U.S. Bureau of Mines.—The production of

hirtnl  gasoll™>in C.S.A. during 1939 was about 3% less than in 1938. This was
largely accounted for by diminution of exports. No spectacular advancesin established
rap div 3MuchnraT - T ted>but U° ?fthe recycling process continues to expand
lighter~hydrocarbons. 83 ° “ Produoiné high-octane gasoline from the

, T h° demnn'l for hquefied petroleum gases continued to increase. Approximately
’ r 1“ ° , ProPan°. butane, and propano-butane mixtures are sold,

inch ’\fn T 63 “ f“? t° % °f consumPt>on. Pentano is principally used
fuel manufactures. An appreciable quantity (30,000,000 gal.) is used as'motor
S.J. A

ERRATUM
Abstracts Nos. 1093 and 1257. For Slater read Sclater.
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PUBLICATIONS RECEIVED.

Cylinders for Compressed Gases (Fuel for Motor Vehicles). Regulations of Homo
Department, issued 18 Nov. 1940. Statutory Laws and Orders, 1940, No. 2009.
H.M. Stationery Office, 3d.

Those Regulations apply to cylinders containing coal gas, carbon monoxido,
hydrogen, or methane, -when fitted to a motor vehicle for use as fuel. Tho Goneral
Specification requires that such cylinders be solid drawn or made from seamless
stool tube, by an approved cylinder manufacturer. Detailed Specifications refer
to two types as under :

Specification A. Specification B.
Mark. GP. GPM.
Maximum working pressure for 3000 Ib. sq. in. 1800 Ib. sq. in.
which cylinder is designed.
Thickness of cylinder walls (“1”). 00350, 0-03 D,

whore o is ext. diam. in inches.
Tensile test (on material of finished

cylinder) :
Yield stress. Not less than 45 tons Not less than 26 tons
sq. in. sg.in.
Ultimate stress. Not less than 55 tons 42 to 48 tons sq. in.
sg. in.
Elongation. Not less than 7%. Not less than 15%.

Chemical composition, notched-bar tests, and bend tests ore specified.

In addition, each complotod cylinder shall bo subjected to a hydraulic stretch
test, preferably by tho water-jacket method. Tho proof pressure for Specification
A cylinders is 4500 Ib. per sq. in.; for Specification B cylinders 1| times the
designed working pressure. For Specification A cylinders one in every 200 shall be
hydraulieally tested to destruction (minimum bursting pressure : 7800 Ib. per
square inch).

At tho time of filling, tho gases must bo free from hydrogen sulphido, and the
interior of the cylinder freo from oil, grease, grit, otc. Cylinder valves must be of
forged steel, brass, or bronze, in accordance with the Third Schedule of these
Regulations. Provision is also included for marking and painting, fusible plugs, or
bursting discs, and for re-testing at intervals of not less than one year.

British Standard No. 789A-1940 : Steel Tubes and Tubulars—Light-weight and Heavy-
weight Qualities. (Revised Weights.) Pp. 23, British Standards Institution,
28, Victoria Street, London, S.W.l. Price 2s. net.

A War Emergency British Standard Specification, to meet tho urgent need for
the utmost economy in the consumption of steel, superseding B.S. No. 789, and
prepared at the request of tho Ministry of Supply.

The specification provides for the replacement of the three qualities of tube
provided in B.S. No. 7S9—namely, gas, water, and steam qualities—by two
qualities designated respectively *“light weight” and “ heavy weight.” The
“light-weight ” quality is one gauge lighter than the “ gas ” quality of B.S. 789,
and the “ heavy-weight ” is the same gauge as “ water ” quality of B.S. 789.

The specification incorporates changes to clauses in B.S. 7S9, and among tho
clauses affected aro those concerning : percentage of lengths joinod together,
tolerances, hydraulic test, marking for indication of quality and longscrows.

Dimensions of sockets are unaffected.
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British Standard No. 902-1940 ; Methods of Testing Latex, Raw Rubber and Un-
vulcamzed Compounded Rubber. Pp. 29, British Standards Institution, 28
Victoria Street, London, S\W. 1. Price 3s. (id. net.

The British Standard Methods of Testing Latex, Raw- Rubber, and Unvulcanized
Compounded Rubber have been based on those of the London Advisory Committee
for Rubber 1?0soarch (Ceylon and Malaya) and those of the Research Association

Properliel Manufacturers as publlshed in Bubber, Physical and Chemical

Tho methods of testing latex—i.e., a suspension or emulsion of rubber globules
in a water liquid or scrum—cover sampling, analysis, and colour measurement.
A standard colour chart (containing one substantially white shade, three arev
shades, and one yellow shade) is included in the specification.

The methods applicable to raw rubber—i.e., the crude material obtained on
coagulation of latex, and found in sheet, crepe, lump and.powder forms—and to
mivulcamzed compounded rubber—i.e., the mixtures obtained from raw rubber

t<L meorporatlon of varioua ingredients, cover chemical analysis and physical

These methods require rofereneo to British Standards Nos. 381 410 612 697
and 902. ’ ’ ’
lests for ammonia content and stability of latex and a vulcanization test for tho
evaluation of raw rubber are under consideration for incorporation in a future
edition of these methods.



INSTITUTE NOTES.

December, 1940.

MEMBERS SERVING WITH H.M. EORCES.

Corrections and additions to the first list of members serving with
H.M. Forces, published in the October Journal, are given below.
The Secretary will bo pleased to receive additional information from
time to time.

Adlington, R. E., promoted Major, R.A.
Rowntree, W. B., promoted Major, R.A.S.C.

Brooking, M., Flying-Officer, R.A.F.
Caplan, B., R.A.F.

Ellis, D. W. V., Lieut., S A.E.C.
Evans, F. N. S., Lieut., R.A.S.C.
Newton, E. J., Sergeant, R.C.Sig.
van Sickle, R. K., Major, R.E.
Watling, R. A., Corporal, R.E.

AWARD OF SCHOLARSHIP.

The Institute scholarship of £40 per annum, tenable at the
University of Birmingham, has been awarded to Aian Henry
Batdwin® Stud. Inst. Pet., at present studying in the Department
of Oil Engineering and Refining.

ARTHUR W. EASTLAKE,

Honorary Secretary.

SYMONS “JW” TYPE SCREEN

This Screen has been specially designed for the handling of rotary

mud; particular attention has been given to the vibration mechanism

so that large capacities and accurate separation can be obtained with

the minimum screening area. Its rugged construction make it
easily transportable.

MANUFACTURING COMPANY
BUSH HOUSE, ALDWYCH, LONDON, W.C.2

Telephone: Temple BarM‘Z Cables: " Nordberg London ™

Kindly mention this Journal when communicating with Advertisers.
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A.S.T.M. STANDARDS ON PETROLEUM
PRODUCTS AND LUBRICANTS

(1940-1941 Edition)

This volume gives in their latest approved form 65 test
methods, ten specifications and two lists of definitions
of terms relating to petroleum and to materials for
roads and pavements. In addition, three proposed new
methods are given covering tests for neutralization
number and aniline point and for ignition quality
(Diesel fuels). A revised Diesel-fuel—oil classification is
also included.

Price 10s. 6d. post free

Obtainable from

THE INSTITUTE OF PETROLEUM
c o The University, Edgbaston, Birmingham, 15
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Steels specially suitable
for the Oil Industry _

MANGANESE
for Sprocket Wheels,

TRADEMARK e C*

STEEL

Pulleys,

..e€rak- non-corroding

A C77K|_\{Vi<v STEEL for Thermowells

,HEAT-RESISTING

‘« im # STEELS for Tube Supports,
H-R* Heat Exchangers, etc.

HADFIELDS

EAST HECLA AND HECLA WORKS
SHEFFIELD ....coeceeiiins ENGLAND

Plates and
Frames of padfields
Era H.R.O"

CONTIGUOUS WASHING

HOLLEY

Continuous

Werld-Wide
FOUR

Licensees,
LLOYDS

(H\M)

Counter-C urrent

Mott Plants are effi-
ciently and continuously
m illions

washing of gallons

of Petroleum products dally
Designed for any capacity.
subm it schemes to

May we

suit your needs ?

M OTT

Plant

W. CHHIHUE & GREY LTD.

AYE NUE.

LONDON, EC. 5.
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THE LOVIBOND TINTOMETER

For testing the colour of all j
Oils !

I.P.T. & A.S.T.M. Colour j
Standards j

THE TINTOMETER LTD., THE COLOUR LABORATORY, SALISBURY

GEOPHYSICAL SURVEYS
by moans of Gravimetric, Seismic, Electrical, Magnetic Methods

We especially draw attention to the
GRAVIMETERS
we manufacture, sell, and use on contract

AKTIEBOLAGET ELEKTRISK MALMLETNING

(The electrical Prospecting Company)

Kungsgatan 44, Stockholm, Sweden

London Representative: REX LAMBERT, A.R.S.M., 25, Victoria Street,
London, S.W.1 Telephone: Victoria 8988

SCHLUMBERGER ELECTRICAL CORING

France.—Société de Prospection

A - Argentine.—G. Guichardot, Schlum-
Electrique. 30, rue Fabert, & 42 rue

berger Electrical Coring Methods,

St. Dominique, Paris.

U.S.A.—Schlumberger Well Surveying
Corporation, 2720 Leeland, Houston
(Texas).

Principal Local Offices Long Beach,
Bakersfield, Oklahoma City, New
York, Corpus Christi, Dallas.
Shreveport, Mattoon.

Venezuela.—P. Bayle, Schlumberger
Electrical Coring Methods, Villa
Proselec, M aracaibo.

Trinidad, B.W.l.—Schlumberger Elec-
trical Coring Methods, P.O. Box No.

25, San Fernando.

Colombia.—H. Rappart, Apartado 1031,
Bogota.

Comodoro Rivadavia.

Morocco.—Société de  Prospection

Electrique, Procédés Schlumberger,
Petitjean.
Rumania.—A. Poirault, 18 Strada

Bratianu, Campina (Prahova).

Hungary.—C. Scheibli, Madach
Ter 7, Budapest.

Irag.—L. Beaufort, Schlumberger En-
gineer, Qaiyarah.

Assam.—A. Couret, Dicboi.
Burma.—L. Bordat, Khodaunc.

Netherlands East Indies.—Schlum-
berger Electrical Coring Methods, 73.
Boekit Ketjil, PaleMBANC (Sumatra).

North-West India.—P. Rogez, P.O.
Box 272, Karachi (India).

Imre

Schlumberger Methods also applied in: U.S.S.R., Japan, Italy, Poland, Yugoslavia,
Egypt and British North Borneo.
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OIL
PLANTS
COMPLETE

FOR:

Atmospheric and Vacuum Distillation
Cracking

Reforming

Reversion

Stabilization

Chemical Treatment

A. F CRAIG & CO. LTD.

PAISLEY and LONDON

Representing in Europe:

The Winkler-Koch Engineering Co., U.S.A.

Kindly mention this Journal when communicating with Advertisers.



HOW MANY TIMES

HAVE YOU NEEDED

Cutting Out Sections of
Drillable Pipe

Enlarging Holes for
Casing

Enlarging Holes for
Gravel Packing

is Bottlenecking for
Cement Jobs

Cleaning-Up Oil Sands

Straightening
Crooked Holes

Setting Liners

Water Shut-Off
Tests

The BAKER ROTARY
WALL SCRAPER

Performs All of These Appli-
cations Sately—Efficiently—
Economical// ... IN ADDI-
TION It is Also

"TWO TOOLS IN ONE"...
As by merely changing
blades converts the Wall
Scraper into a Baker Wall
Sampler . .. an efficient
device that takes actual
cores from the side walls ol
any uncased hole.
Send tor Baker Broadcast No. 19.

See Pages 252 to 2Bl of the 1940
Composite Catalog.

For Complete Details Contact the
Nearest Baker Office or
Representative

A TOOL FOR:

BAKER OIL TOOLS, INC., Box 127, Vernon Station, Los Angeles, Cal.
Central D ivision Box 3048, Houston, Texas . Export Sales O ffice:

19 Rector St.,

New York, N. Y.

Kindly mention this Journal when communicating with Advertisers.
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ES

T HE varying needs of heat-using

industries are fully met by our
wide range of high quality re-
fractories. For severe conditions in
oil firing we recommend the use of
NETTLE firebrick (42/44% alumina)

and STEIN SILLIMANITE (63%
alumina).

JOHN G STEIN 6-C° lID Bonnybridge Scotland

Kindly mention this Journal when communicating with Advertisers.



COMPLETE

PETROLEUM REFINERY
PLANTS

For—

Atmospheric and Vacuum Distillation
Gas Fractionation and Recovery
Stabilisation

Chemical Treatment of Distillates
Alkylation

Perco Copper Sweetening, Desulphurisation
and Dehydrogenation

Acetone Benzol Dewaxing
Furfural Refining
etc., etc., etc.

FOSTER WHEELER LTD.

ALDWYCH HOUSE, LONDON, W.C.2

TELEPHONE: HOLBORN 2527-8-9

Associated Companies:

FOSTER WHEELER CORPORATION, U.S.A.
FOSTER WHEELER, LIMITED, CANADA
FOSTER WHEELER, S.A. FRANCE

Kindly mention this Journal when communicating with Advertisers.
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Financial
Patriotism

cheapr borreowing sy tne siace lightens
the Nation’s financial burden and so gives more
power to defeat the enemy and to maintain our
industry and commerce both during and after the
war. The Government needs sow Vvast sums of
money loaned in the form of 2\% National War
Bonds. The urgency of the need - the greatness

of the cause - make inexorable demands on us all.

21% NATIONAL WAR BONDS

(1945-47), A full Trustee Security — Price of issue £100 per
cent— Subscriptions of £100 or multiples of £100 will be received
until further notice — Interest accrues from date of purchase —

Prospectus and application forms obtainable from Banks or Stockbrokers.

Issued by The National Savings Committee, London,

This page has been placed at the disposal of the National Savings Committee
by the Council ofthe Institute
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mith a Cardwell /olcj , . |
Transmission—The new ""Cardwell* five-
speed, even-step transmission of 1450
foot-pound torque capacity (240 h.p.)
has a single lever gear shift and requires
only one movement to shift from low to
high. This results in faster operation
when running or pulling tubing or drill
pipe.

Friction Clutches are mounted on the
countershaft to transmit the power
directly to the drums and are shielded
against oil and water. They may be
engaged quickly or slowly as the job
demands, saving time at each operation
and absorbing the shock load of each
engagement. More than 500 of these
friction clutches have been placed in use
since 1936 without a single part failure.
There is a jaw clutch in each drum for
providing full floating drums.

asaBWfSfeL  fARDWEILMFG.fO.INC.

na

. B
W'chi't'«, K«nias,

J.OLSEN,ExportManager,570Lexington Aven., N.Y.City. Coble Address: “Cardsteel.’

)
LlHJ.Servicing

can BE SOLVED . .

HELps SOLVE YOUR PROBLEMS

Double Safety Brakes—The "Cardwell”
brakes are water-cooled and designed
so either brake will automatically operate
independently and hold the full capacity
load, yet they are fully equalized and
have a single adjustment. The brake
flanges are rolled alloy steel, heat-treated
and ground, with three to four times the
life of ordinary steel flanges. The
smooth, polished hard surface gives more
than twice the ordinary brake lining life.

Low Cost Haulage and Rig-Up Time—
The lightest and strongest of alloys are
used in the all-steel construction of this
rig. The engine and hoist are mounted
on one skid to facilitate handling. Every

wearing part of this "Cardwell" rig is
heat-treated to the last pin and pin-hole in
Light weight

the control mechanism.
results in low hauling costs.

bdao r
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PUMPS YOU CAN

Bailing Lines

Boiler Insulat-
ing Casings

Cable Tool
Drilling Lines

Casing Lines

Complete
Drilling Rig
Installations

Crown Blocks

Diesel Mechan-
ical Hook-ups

Diesel Electri-
cal-Mechan-
ical Hook-ups

Drawworks
DrillingEngines

Drilling and
Fishing Tools

Gas Burners

Lapwelded
Steel Casing

Oil Bath
Swivels

Oil Well
Boilers

Oil well
Chains

Oil well
Tubing

RELY ON

Pipe Recon-
ditioning
Equipment

Power Slush
Pumps

Pull Rods

Reverse
Clutches

Rotaries

Rotary Drilling
Lines

Rotary Drill
Pipe

Seamless Steel
Casing

Shale
Separators

Steam Slush
Pumps

Steel Derricks
Steel Tanks
Sucker Rods
Trailers

Traveling
Blocks

Turbo
Generators

Wire Rope

Wrought Iron
Pipe

LLUCEY EXPORT QORPCRATION

Incorporated in Delaware, G. S. A., with Limited liability.

<$P> OIL WELL SUPPLIES <~>

BROAD STREET HOUSE. E. C. 2 LONDON, ENGLAND

3505 Woolworth Building, New York.N.Y.  Calle Defensa 320, Buenos Aires, Argentina
811 Sterling Building. Houston, Texas 58 High St.. San Fernando, Trinidad, B.W.I.
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WAR ECONOMY IN PAINT

YOU CAN BE

ASSURED OF FULL

PROTECTION AGAINST

CORROSION BY USING

TWO COATS ONLY OF DIXON'S SILICA-
GRAPHITE PAINT

Nobody denies-when protecting Iron and
steel from corrosion-lhat on new work
three coats are belter than two. Where,
however, war makes economy essential,
adequate protection should be obtained by
two coats of best quality paint. But if you
use one priming coat of Dixon's Red Lead
Craphite, followed by Dixon's Natural or
Battleship Grey—or any other of our SILICA-
CRAPHITE PAINTS—full protection WILL
BE ASSURED-and for the longest possible
period. Further, labour costs are lower be-
cause It is so much easier to apply.
We are in a particularly good position to
supply paints for
OIL TANKS, HEAD GEARS, OIL WELLS,
AND OIL REFINERIES
DIXON'S ALUMINIUM GRAPHITE has no
equal for Oil Tanks. Large quantities
already supplied.
For old work, a touch up with Dixon's Red
Lead Craphite Primer followed by a finish-
ing coat of any of Dixon's Silica-Craphite
Paints, will give full prolection for the
longest period.

Get in touch with

C. R. AVERILL LTD.
22 DUCHY STREET, STAMFORD STREET

LONDON, SE1
Telephone: Waterloo 4Z23

Telejranu: "Crudxraph,*’ SedlIst. London.

THE CHEAPEST PAINT

AS SUPPLIED TO MANY OF
THE LEADING OIL COMPANIES
PACKED FOR EXPORT in 40 gallon
steel drums and in 5 and 10 gallon her-
metically sealed strong hooped drums,
ensuring safe arrival with no chance of

leakage.

T T T T (e}
SILICA GRAPHITE

PAINT

PER YEAR OF SERVICE
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BIBLIOTEKA GLOVI/X
Politechniki Slgsklej

OILWELL”
<c® Q >

(REGISTERED!

EVERYTHING SUPPLIED TO DRILL AND
EQUIP OIL, GAS AND WATER WELLS

OlIWellSupply Co.

EUROPEAN OFFICE —

DASHWOOD HOUSE, LONDON, E.C.
HEAD OFFICE—

DALLAS, TEXAS, U.S.A.

(Incorporated in US.A. with Limited Liability.)
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