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The Abatement of Locomotive Smoke 
By D. F. Crawford 

General Superintendent of Motive Power, Pennsylvania Lines 
West of Pittsburgh 

So important is the problem of 
the reduction of locomotive smoke 
-from both the public and the 
railroad point of view-that the 
following portions of a paper 
on this subject prepared for 
the International So&ety for the 
Prevention of Smoke should prove 
both interesting and informing. 

Considering the many years that this 
subject has been under discussion, it would 
seem that very little has been accomplished, 
but this is not remarkable, nor does it apply 
to locomotive smoke alone or even smoke 
from any other source. 

It seems to be a human quality to first 
endure, become accustomed to, be indifferent 
to, and then regard as a necessity, or at least 
as a necessary evil, anything for which an 
immediate remedy is not at hand. This 

condition delayed for many years many of 
the sanitary precautions taken today, such as 
the arrangement for pure water supply, 
sewage disposal, etc. 

While it may be truly said that little has 

as yet been accomplished in the abatement of 
locomotive smoke, it must be borne in mind 
t’hat, taking into account the comparative 
difficulties of the problems presented, quite 

as little has been accomplished in the abate- 
ment of smoke from other sources-particu- 
larly the stationary boiler. 

* ‘* * x- 

Of the smoke produced in any locality 
where bituminous or soft coal is generally 
used for manufacturing, power and domestic 
purposes, I think it will be found that loco- 
motives contribute but from fifteen to twenty 
per cent., with perhaps a somewhat higher 
proportion in localities where comparatively 
few industries are located, and, of course, a 
considerably greater proportion where fuel 
other than bituminous coal is used for 
domestic purposes. 

The emission of smoke in the large 
quantities inherent to the use of large loco- 
motives has permitted the railways in Amer- 
ica to produce transportation of passengers 
and freight at the lowest cost of any country 
in the world, as to obtain this result large 
units and consequently large coal con- 
sumption is necessary. 

What an Engine Burns 
The above presents the problem which 

confronts the railway officer in considering 
this subject. To obtain from the modern 
locomotives the average power required from 
them it is necessary to consume fuel at the 

rate of about 100 pounds of coal per 
square foot of grate per hour, and to 
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obtain the maximum power required it is 
necessary to consume 150 pounds, and at 
times in excess of this amount, per square 
foot of grate per hour, That is, to obtain 
the power necessary to perform the work 
demanded, a boiler which from its heating 
surface would be rated at about 320 horse- 
power is frequently forced ro develop over 
1500 boiler horse-power, and our records 
show that another boiler, which would on 
the basis of heating surface be rated at about 
400 horse-power, has developed as high as 
1994 boiler horse-power. 

The performance stated above requires 
coal consumption at the rate of from 6000 
to 10,OOQ pounds of coal per hour, and in 
the cases cited this was done on a grate of 
55 square feet. 

From the above it is surely evident that 
the abatement of the smoke from such com- 
bustion is beyond comparison with the 
simplicity of taking care of the smoke from 
a stationary boiler with the low rates of 
combustion obtained in such practice. Eco- 

nomical railway operation forbids the use of 

smaller units as well as underloading those 
in service. Therefore, the situation must 
be met without diminishing the efficiency’ of 
the railway as a transportation facility and 
with as little additional cost to the purchaser 

of transportation as may be possible. 
Of the methods for the abatement of 

smoke from locomotives that are available, I 
have knowledge of the following : 

1. The use of comparatively smokeless 
fuels. 

2. The use of air jets. 

3. The use of mechanical stokers. 
4. The instruction of the men operating 

the locomotives and supervision of their work. 
5. Elimination of the steam locomotive. 

* * * * 

The Use of Comparatively 
Smokeless Fuels 

Anthracite coal, low volatile bituminous 
coal, coke, and oil may be considered in this 
class, although I am somewhat doubtful as 
to the inclusion of oil in this list, as the few 

locomotives I have seen using this fuel pro- 
duced a great deal of smoke. 

The geological map shows conclusively 

that the study of the abatement of smoke 
must be based on the use of bituminous 

coals. For economic reasons as well as the 
proper utilization and conservation of the 
natural resources the railroads must produce 

power with the fuel available in the territory 
through which they run. 

The available anthracite coal is located in 
Eastern Pennsylvania, and even if the cost 
were not prohibitive, the entire output would 
not be sufficient to supply the demand for 
locomotives alone. 

Low Volatile Bituminous Coal 
This fuel, under favorable conditions pro- 

duces considerably less smoke than that con- 
taining a large amount of volatile matter, 
and has been and will be used to meet 
special conditions. However, the supply is 
located at comparatively few points, and its 
general use would not only add greatly to the 
cost of transportation, but prevent the utili- 
zation of other fuels until the supply of the 
low volatile fuel becomes exhausted, when 
the problem would again come before us. 

Coke 
About fifty million tons of coke is 

produced per year, practically all of which is 
used for metallurgical purposes. Of course, 
the output could be increased, but can we 
afford the necessary loss of one-thirdof the heat 

value of the coal used in its production? 
Coke is not a satisfactory fuel for locomo- 

tives, and its general use would considerably 
reduce the capacity of the existing locomo- 
tives, resulting in economic waste. 

The use of oil is, of course, confined to 
localities where it is sufficiently plentiful to 
warrant its use, and I am advised that the 
supply is now so limited that some of the 
roads on which it is used are compelled to 
return to the use of coal. 

* * * * 

Inasmuch as the kind of coal which will 
most likely be used is apparently settled by 
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the geological distribution of the coal and the 
geographical location of the railways in rela- 
tion thereto, it would seem necessary to 
devote our energies and time in an endeavor 
to meet the situation with the materials 
available. 

I will therefore take up the mechanical 
devices for smoke abatement with which 

we have had some experience. 

The Use of Air Jets 
It is a well-known fact that to support 

combustion a certain quantity of air must be 
supplied for each pound of fuel burned. In 

an endeavor to provide an adequate air sup- 
ply many experiments with air or steam jets 

have been made, resulting in a large number 
of designs covering the type of jets and sug- 
gested location and arrangement. 

These devices for the mechanical mixture 
of air and gases were supposed to be equally 
useful for either stationary or locomotive 

boilers, and some of the various forms have, 
from time to time, been applied to quite a 
large number of locomotives. Notwith- 
standing the almost general failure of this 
type of smoke reducer, the occasional success 
was sufficient stimulus to make its use at- 
tractive to those in charge of the abatement 
of smoke in various localities, and to the rail- 
way officers co-operating with them in their 
desire to assist in smoke reduction. There- 
fore it was decided at a conference of railway 
officers to appoint a committee to make a 
scientific study of-the scheme as well as care- 
fully planned practical experiments. This 
committee, of which I had the honor of being 
chairman, was composed of representatives 
of seven railroads, and all of them had had 
long experience with the locomotive and with 
the use of air jets of various forms for the 
abatement of smoke, as well as a keen in- 
terest in the subject before them. 

Upon examination of the drawings show- 
ing the arrangement, location and dimensions 
of jets in use on a number of railways it was 

found that the variations in practice were so 
great that without more definite information 

no conclusion could be reached, and arrange- 
ments were made with the Pennsylvania rail- 
road for a thorough test on the Locomotive 
Testing Plant installed by the company at 
Altoona, Pa., of a locomotive provided with 
jets of several designs, locations and arrange- 
ments, approved by the committee. 

Locomotive Testing Plant 
In orde; that all present may appreciate 

the facilities offered by a Locomotive Testing 
Plant for tests of this nature, a brief descrip- 
tion of the plant and its uses will be of value. 

To enable the locomotive to work and 
develop power, and at the same time remain 
in a fixed position, there is provided a suffi- 
cient number of supporting wheels to take 
the place of the usual track under each driving 
wheel of the locomotive. The revolution of 
the supporting wheels is resisted by adjusta- 
ble brakes upon them, permitting the resist- 
ance to be varied so that the work done by 
the locomotive may be made to conform to 
the work expected of it on the road. 

The locomotive is firmly connected to a 
dynamometer which measures the output of 
the locomotive, and at the same time pre- 
vents it moving forward off of the supporting 
wheels. Apparatus fob weighing the fuel 
and water supplied and for observing and 
recording all data necessary for any given 
test is provided. 

The locomotive remaining in a fixed posi- 
tion permits of careful observation and tests, 
which would be entirely impracticable with 
the same locomotive running under the vary- 
ing conditions in road service. 

That it is admirably adapted to “smoke 
observations” is evident from the fact that it 

may be operated continuously for a given time 
at a given rate with one kind of a device, or 
one kind of fuel, and, for comparison, be op- 
erated with another device or fuel at exactly 
the same rate and time as in the previous 
tests. 

With fixed conditions the results obtained 
with different devices or fuel may be accu- 
rately judged and rapidly determined. 
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To make the tests of the air jets a loco- 
motive of the size and capacity largely used 
in heavy yard or switching service was 
equipped with all of the necessary apparatus 
and put on the testing plant, and a large 
number of tests made. The reports of data 
obtained made such a voluminous docu- 
ment that I will only give you some extracts 
-conclusions-and say that through the 
courtesy of the General Managers’ Associa- 
tion of Chicago the complete report may be 
found in the Proceedings of the American 
Railway Master Mechanics’ Association for 
1913, which will be published in a short time. 

Tests were first made to determine the 
type, location and arrangement of jets, to give 
the best results in reducing smoke. This 

information having been obtained, further 
tests were made to determine what effect the 
use of the jets would have on the efficiency 

of the locomotive in transportation service. 

Results of Air Jet Tests 

The conclusions from the tests were as 

follows : 

(a) The steam jet combustion tube has a 
decided value in reducing smoke under the 
widely varied conditions of these tests. 

The results of the test indicated that when 
the locomotive is working so that the smoke 
readings would average from 25 to 30 per 

cent. that by admission of 2000 cubic feet of 
air per minute above the fire that the smoke 
reading would reduce to an average of about 

6.5 per cent. 

The amount of smoke being reduced 
almost directly in proportion to the aniount 
of air supplied; the practical limit being 

reached in this locomotive at about 2500 
cubic feet of air per minute; this amount of air 
causing the locomotive to fail to make suffi- 
cient steam. 

(b) The air injected by the tube was 
found to be the greatest factor in reducing 
smoke, although a small amount of steam 

seems essential in smoke reduction. 

(c) When using steam jets injecting air 
into the fire box it was apparent that a greater 

reduction in smoke was accomplished by 
their use with improper firing as compared 

with careful firing. 

(d) The fire box temperature was found to 
be higher when the brick arch was in service 
as compared with the plain fire box, although 
the data does not consistently show that a 
reduction in smoke follows increased fire box 
temperature. 

(6) The brick arch showed a considerable 
reduction in smoke when running, while on 
standing tests the brick arch showed little if 
any benefit in the way of smoke reduction 
when the proper mixture of air and steam 
is supplied. 

(f) The steam jet tubes give the best 
results in reducing smoke when located so 

that the injected air and steam meet the 
flame as high as possible above the fire bed. 

(g> Air openings in the fire door are of 
slight assistance in smoke abatement. 

(h) The best results were obtained when 
from 4 to 6 pounds of air per pound.of coal 
fired was injected by the steam tubes from 
a location in the back boiler head above the 
fire door. 

The tests indicate that for locomotives in 
yard service and switching service that for 
the majority of the time they are in use the 
introduction of sufficient air to reduce smoke 
will not seriously decrease their capacity and 
will tend to improve the economy of coal 
consumption. 

From the above it is clear that there is a 
field for further study regarding the useful- 
ness of the air jet. One of the difficulties 
to be overcome in the use of the air jet is the 
noise produced by the jets when supplying 
sufficient air to be of value in reducing 

smoke, and several forms of mufflers, or 
silencers, are now being used experimentally. 

Additional air is necessary to prevent 
formation of dense smoke at the moment of 
supplying the coal, and the air jets properly 
arranged assist materially in reducing the 
smoke at this time by furnishing the excess 
air required. 

i( (c x * 
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Since the completion of these experiments 
in March of this year, about thirty locomo- 
tives on the Pennsylvania Lines, and many 
more on the other lines used in switching 
service and yard service, have been equipped 
with the air jets; the design being modified 
to meet the conditions of each type of loco- 
motive. These locomotives are under ob- 
servation to ascertain whether the results 
obtained in actual service, where the locomo- 

tives must of necessity be handled by a large 
number of men, will be as favorable as those 
obtained under test conditions. 

The design of muffler is also receiving 
further consideration, as without a satisfac- 
tory muffler the noise made by the jets is 

sufficient to retard, if not preclude, their use. 
* Y Y * 

The Mechanical Stoker 
For the past nine years the Pennsylvania 

Lines West of Pittsburgh have been working 
to develop a mechanicai stoker for locomo- 
tive use, and the results so far have been 
sufficiently satisfactory to warrant its appli- 
cation to a total of 300 locomotives, of which 
215 are at work-66 in passenger, 130 in 
freight, and 19 in switching service. 

While, of course, the desire to use the 
mechanical stoker was primarily brought 
about by the desire to increase the capacity 
and efficiency of the locomotive. the question 
of smoke reduction was given full consider- 
,ation, as it was felt that less smoke meant 
less expense for fuel. This device has 
proved, up to the present time, to be the 
most promising yet installed for the reduc- 
tion of smoke from a locomotive using bitu- 
minous coal-in fact, under favorable con- 
ditions the smoke is practically eliminated. 

Repeated comparisons of the smoke pro- 
duced by locomotives with and without the 
stoker show that those equipped with the 
stoker may be operated with from one-tenth 
to one-third of the smoke made by similar 
locomotives in the same service without the 
stoker; the amount of the reduction depend- 
ing on the class of service and continuity of 
the run. 

Not only is the average amount of smoke 
made reduced, but the number of times dense 
smoke is produced is diminished; the large 
volume of dense smoke apparent each time 
fuel is supplied to the fire by hand being 
eliminated when the stoker is used. 

Two locomotives, one with and one with- 
out the stoker, were attached to a double 
train of freight cars, so that each locomotive 
was loaded to its capacity, and observations 

of the smoke made while pulling the train 
up’ a heavy grade. In this case the averas 
smoke was as follows: 

Stoker fired locomotive . 8.0 per cent. 
Hand fired locomotive . 78.0 per cent. 

That the stoker firing is more uniform 
than hand firing is proved by the fact that 
the smaller number of times dense smoke is 
emitted from locomotives equipped with the 
stoker. 

The results obtained during nine years of 
experimentation, and the measure of success 
obtained is due to the interest of the Execu- 
tive Officers of the railway in the subject, 
and their encouragement and authority to 
incur the expense involved in the work, as 
well as the interest and hearty co-operation of 
my assistants and those engaged in supervis- 
ing the details of construction and operation. 

It required much patience to meet the 
many difficulties encountered in the endeavor 
to adhere to the principles established (one 
of which was the reduction of smoke) when 
the work was commenced. 

Since the beginning of experiments to 
August 1, 1913, locomotives equipped with 
stokers have made 51,680 trips ; of these, the 
stoker handled 95 per cent. or more of the 
coal used on 34,390 trips, 70 per cent. or 
over on 7865 trips, and less than 70 per cent. 
on 9425 trips, less than 70 per cent. being 
considered as unsatisfactory performance. 

While the apparaus is now sufficiently 
developed to warrant the trial of a large num- 
ber, the problem of maintaining and satisfac- 
torily operating them, with various kinds of 
coal, and teaching many men how to handle 
them to the best advantage, is still before us. 
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Other Devices 
It would not be proper to present a paper 

on this subject without mentioning two 
other devices, now largely used on locomo- 
tives, which assist in reducing smoke- 
namely, the superheater and the brick arch. 

The superheater, which is now applied to 
many locomotives, and which will be applied 
to many more in the future. does much to- 
ward the abatement of locomotive smoke, in 
that it permits the operation at a given power 
output with from ten to twenty percent. less 
coal than a locomotive developing the same 
power not provided with a superheater. Less 
coal being required, there will consequently 
be less smoke. 

The brick arch, by retaining heat and 
retarding the flow of the gases, permits their 
ignition, while without the arch they would 
escape without reaching the ignition point, 
and a portion at least would form smoke. 
The amount of smoke reduction, although 
comparatively small, is sufficient to warrant 

consideration, and application of arches alone 
or in combination with the other devices 
mentioned. 

Special Instruction of the Men 
Of course, in this field, as in any other, 

the degree of success obtained is dependent 
entirely on how well the work required to 
accomplish the desired result is done. 

Instruction and supervision is necessary to 
some extent, even when the mechanical de- 
vices named above are used. 

The cost of fuel represents from 8 to 
10 per cent, of the total operating cost of 
the railway and therefore one of the most 
obvious ways of reducing operating expenses 
is to economize in the use of fuel. 

As the methods which must be followed 
to obtain the maximum economy in loco- 
motive fuel consumption are the same as 
those necessary to reduce smoke, the direct 

financial interest of the railway is, the elimi- 
nation of smoke. 

Therefore, in addition to the study and 
development of mechanical devices the rail- 

ways, by additional supervisors and instructors, 
are causing reduction in the amount of smoke 
emitted by having more careful firing and 
handling of locomotives by the enginemen. 

At many points the subject of smoke 
abatement is assigned to men whose sole 
duty is to observe the amount of smoke pro- 
duced and instruct the engineman as to its 
prevention. 

In some localities where the locomotives 
of several roads operate over one another’s 
tracks, the inspectors represent the several 
railways and report to the proper officer the 
emission of dense smoke from any locomo- 
tive, regardless of its ownership. Such an ar- 
rangement is particularly desirable at points 
where the lines of several railways are 
adjacent, as it permits a comparatively 
small number of men to observe a large 
number of locomotives. 

In connection with this I am sure you 
will be interested in hearing the following 
extract from the 

Instructions of the Pennsylvania 
Railroad Regarding the Abate- 

ment of Smoke 

“Enginemen and firemen must work 
together so as to save coal and reduce 
smoke. 

“ The burning of bituminous coal in a 
locomotive requires air, which must be 
admitted through the grates and through 
the fire door. 

“Smoke means waste of coal and must 
be avoided. 

“ T.arge quantities of coal placed in the 
fire box at one time cool down the fire, 
cause smoke and waste coal. Small 
quantities at regular intervals will keep 
the fire bright, prevent smoke and take 
less coal to keep up steam pressure. 

“ Lumps of coal should be broken in 
pieces not larger than 53”. A bright 
and level fire over the whole grate must 
be carried wherever possible. When a 
sloping fire is used, no more coal should 
be banked at the door than is necessary. 

“To prevent smoke and to save coal, 
the fire door must be placed on or against 
the latch after firing coal or using the 
scraper, slash bar, or hook, and when on 
siding, in yard, at terminals, or before 
starting. 
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“Before the throttle is closed, the 
blower must be used and the door placed 
on the latch. 

“Firemen must stop firing long 
enough before steam is shut off to prevent 
smoke and waste of coal.” 

Enginehouse Smoke 
Perhaps the most difficult problem in the 

abatement of smoke from locomotives, is the 
reduction of the amount of smoke made at 
the locomotive terminals, where fresh fires are 
made, to prepare the locomotives for service. 

Frequently at the larger terminals there 
will be ten or even more locomotives at one 
time in which the fires are in course of 
preparation. 

We all know it is quite impossibleto build 
a fresh fire in the house grate or stove with- 
out smoke, and that quite dense smoke will 
continue until a considerable portion of fuel 
is fully ignited. 

The same conditions prevail with the 
locomotive, only greatly aggravated by the 
larger amount of fuel required to start the 
fire, and at times by the rapidity with which 
the work must be done to meet the demands 
of the service, the patrons of the railways 
seldom being willing to suffer delay toeither 
themselves or their goods. 

Notwithstanding careful instructions, 
supervision and experiments with different 

fuels, mixtures of fuels, and appliances, a 
satisfactory solution has not yet appeared. 

Several years agp we endeavored to collect 

the smoke and gases by means of suction fans 
and pass them through water sprays to pre- 
cipitate the heavier contents, but without 
‘success. The size, first cost and operation 

cost prohibiting a plant of sufficient capacity. 
A modification of this arrangement, in which 
the smoke and gases are forced through a 
considerable body of water, is about to be 
put in operation, and I am sure it will be 
watched with interest by all concerned in 
this subject. 

At the present time the Pennsylvania 
Lines has under construction, at the engine- 
house in Allegheny, apparatus to carry the 

smoke and gases from the locomotives in 

which fires are being prepared, through an 
underground duct and a fan, discharging them 
into a stack 150 feet high, 7 feet in diameter. 
It is felt that this arrangement will not only 
carry the smoke and gases considerably above 
the buildings immediately adjacent to the 
enginehouse, but, owing to the size of the 
stack, permit of considerable precipitation of 
the heavier particles. 

The stack will be so located that it will be 
possible to interpose smoke washing appa- 
ratus between it and the fan, should a suffi- 
ciently promising method be developed. 
Mention is made of this only to inform you 
that all phases of the subject are receiving 
careful attention of the railway officials, and 
that the railways are making expenditures of 
considerable magnitude in their endeavors to 
abate smoke. 

Elimination of the Steam 
Locomotive 

In the present state of the art, of course, 
this means the substitution of electric motive 
power for all the locomotives now in use, 
as no other method is now available. 

The word “Electrification” seems to be 
attractive to everyone, save those charged 
with the responsibility of obtaining the 
money required to meet the enormous outlay 
of capital required to install the apparatus 
and then to continue the operation at rates for 
carrying passengers and freight which will be 
deemed reasonable by the patrons, as it has 
not been demonstrated that electrification will 
generally result in reduced operating costs. 

From the best data available the complete 
electrification of the railways would elimi- 
nate some 20 per cent. of the smoke 
annoyance, and I have often wondered why 
its application, to ameliorate the discomforts 
caused by the remaining 80 per cent., was 

not more strongly urged. 
Undoubtedly electric power may be sub- 

stituted for steam power for many purposes 
for much less capital outlay, with more 
promise of a satisfactory return on the in- 
vestment and with less probability of unsatis- 
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factory service to patrons, than is the case 
with its use by the railways. 

From the information offered by many 
writers on the subject, one would be led to 
believe that a steam locomotive is a most 
wasteful machine and that tremendous 
savings would result from abandoning their 
use. 

As a matter of fact, the performance of 

the locomotive boiler compares favorably 
with the average results obtained in stationary 
practice, and the performance of the com- 
plete locomotive, of modern construction, is 
sufficiently efficient to permit of obtaining a 
coal rate of 2.1 pounds per indicator horse- 
power hour, or 2.5 pounds of coal per horse- 
power hour delivered at the drawbar of the 
tender. 

Surely such results do not warrant the 
almost general belief that the locomotive is 
an inefficient machine for the purpose for 
which it is intended. 

Without doubt the use of electric motive 
power in lieu of the steam locomotive will 

be extended, but its use will, at least until 
there is great improvement in the efficiency, 
reliability and reduction of the cost of 
electrical apparatus and its operation, be con- 
fined to meeting special conditions, such as 

the operation of the lines through tunnels, 
similiar to those under the rivers at New 

York and Detroit, those in long tunnels 
through mountains, and certain lines with 
exceedingly heavy grades and a large volume 
of traffic, as well as some terminal passenger 
stations where the location and traffic con- 
ditions are such as to readily permit of its 
adoption. 

The Cost Enormous 
The cost of everything electric is enormous. 

The cost of the electric locomotive is at 
least double that of the steam locomotive, 
which they are supposed to replace, and be- 
fore electric locomotives can be operated it 
is necessary to incur a large additional out- 
lay for power houses, transmission systems, 

track preparation and all of the other appa- 
ratus and material which is necessary to 

complete an electric system. 

One estimate which has been brought to 
my attention provides an investment of 
about $200,000 for each steam locomotive 
displaced, or about ten times thecost of each 
of the latter. 

As there are about 70,000 locomotives in 
the United States, representing an invest- 
ment of about one billion four hundred mil- 
lion dollars, I am sure you will agree with 

me that some exceptionally favorable return 
must be apparent before they will all be dis- 
carded ; especially so when their replace- 
ment involves an expenditure of many times 

their present value. 

It is true that the demand is rarely made 
that an entire cross country line be operated 
by electric power, but that such operations 
be confined to the larger cities. 

Such an installation, however, except under 
particularly favorable conditions, involves 

not only a proportionately heavier investment 
for the electric plant, but requires the estab- 
lishment of two locomotive terminals, one 
each side of the city, and an additional stop 
at each of the termini for an exchange of 
the steam for an electric locomotive or vice 
versa. 

Even if the railways could stand the bur- 
den of the cost, it is doubtful if the traveling 
public would tolerate frequent delays of 
this kind. 

While, of course, with an unlimited ex- 

penditure of money much might be accom- 
plished by electrification of the railways, to 
reduce the proportion of smoke now produced 
by them, it would seem wise to first provide 
for the transportation and terminal facilities 
required to meet the growing needs of our 
country’s commerce, and the elimination of 
grade crossings, etc., before devoting any 
considerable sum to eliminating a compara- 
tively small arhount of the smoke in a par- 
ticular community. 
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