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INTRODUCTORY v

PREFACE

The subject matter contained in this book is along
the line that I have always wanted to see collaborated
in one book. The gas employe, to my mind, has strug-
gled through a great many years without accurate
information in concrete form to guide him in his work.
There have not been the proper books to which a
man in the ranks could turn to better himself and
grow in his profession. Time and again I have been
asked by young men who are ambitious to learn the
gas business where thev could find the proper in-
formation. I have had to refer them to technical
periodicals on the subject and to the proceedings of
the various associations, knowing full well that they
would be discouraged long bhefore they had been
through the various files. While it is true that litera-
ture of the gas business is full of a great many val-
uable books and articles, these are written very largely
in a veryv technical manner.

The American Gas Educational Course has been the
path to advancement for many a studious employe.
The course in this book offers a more popular route for
advancement to the gas employe. I have seen, in my
twenty-odd years’ connection with the gas business, a
number of gas fitters become superintendents and man-
agers of plants. These advancements were very largely
due to the efforts and co-operation of a few men in the
industry who have realized the importance of attempt-
ing to educate the employe, from the humblest up.

There still exist in this country a great many gas
companies who make no effort at all to develop their
employes and fit them for promotion. The real method
of course is to put the information or instruction in
such shape that the man himself can. largely be re-
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sponsible for his own development and I believe that
the following pages more nearly meet this condition
than anything heretofore written. The time is coming
when the gas business must be made a true science in )
all of its departments. It is going through a wonderful
development in the manufacturing end. The design of
street mains and services and distribution systems is
becoming more a true science than it was in the past.
There is still a lot of work to be done between the street
main and the ultimate customer’s burner.

We have in this book well laid down rules for com-
puting the sizes of pipe to be employed and methods
of doing work, but if the commercial end of the busi-
ness is to reach and hold all that it should, many details
which are now handled by the gas fitter must be im-
proved upon and brought nearer perfection.

It is not at all difficult to find in a great many gas
companies today annoying conditions to customers
which must be removed. We have seen the electric
business grow up alongside of us and become an exact
science in most every detail, and we have lagged be-
hind. We sell gas fixtures and appliances that get out
of adjustment and leak and give trouble within a year
of their installation. We run gas services and pipe
houses that leak and give trouble long before they
should. A big chance for improvement in this situa-
tion is through building up a more highly educated
force of gas employes.

When a man enters the gas business, even at the
lowest round, he should have the gas manager’s job
in view, and he should have every opportunity made
(almost compulsory) to study and progress with his
work. No vacancies should be filled in a good sized
gas company (outside of the very most technical posi-
tions), except from the ranks; for example, young
men graduating from high school might have a year’s
work in the fitting department, before going to college,
to prepare to do the technical work for their company.
This method of education would develop an esprit-de-
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corps and final perfection in the gas business that
would be hard to beat.

I recognize more and more how much the commercial
success of the business depends upon the man whom
the public meets. The good will built by a commercial
salesman can be thrown to the winds by the hands
of a poor fitter, for example.

As a result of the European war we are going to
have many men return who have been subject to dis-
cipline and who will appreciate the method of develop-
ment I have outlined above. I believe the best man-
agers for properties are bound to be the ones who
come through the plant and distribution departments.
The manager who can say that there is not a job in
the company that he has not actually performed is the
strongest type of man to become an executive. No
college man nor technical engineer should expect to
step into a manager’s job without having served some
time in the fitting department.

This book offers a most excellent text-hook for em-
ployes’ associations, student bodies within the organiza-
tion, as well as students who intend to enter the gas
business. The book contains many tables and formulae
that are valuable, and many methods and descriptions
of operations. There is an attempt made to give the
fitter an idea of other departments of the business
than his own. These descriptions are general, of
course, and give the student only a smattering idea
from which he can delve deeper if he so desires. The
book is well worth placing in the library of any man
whe has the interest of the gas business at heart.

J. D. SHATTUCK.
Chester, Pa., June 9, 1919.
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INTRODUCTION

The work of publishing a series of handbooks on
subjects pertaining to the gas industry, and of which
this is the fourth, was undertaken by THE GAS AGE
for the purpose of providing references on American
gas practice which had been decidedly lacking and in
great need by the gas industry.

The original intention in assigning the subject of
Instructions for Gas Company Fitters to the author
was to provide a book primarily for the fitter which
would be instructive and educational to him, particu-
larly on the work of especial interest to him. It was
further intended that the subject be covered in such a
general manner that it would provide a relerence book
on standard American gas fitting practice for the use
of the entire gas industry as well as for the information
of architects and contracting pipe fitters.

After the work was outlined it was seen that it would
require the covering of a much broader scope than orig-
inally planned in order to furnish the elementary infor-
mation necessary to a full understanding of the purpose
and importance of gas fitting work. It was then con-
sidered advisable to broaden the scope to such an extent
that a reference book would be produced covering in a
general way the entire field of American Gas Works
Practice and specializing in a number of chapters on
gas- fitting work. This would fulfill the purpose of
the original plan while adding other information of
value to the gas industry as a whole.
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Following out this plan, the skeleton of Gas Fitting
Practice was surrounded by an envelope of other infor-
mation which it is the hope of the author will prove to

“be of interest and benefit to American gas men. The
chapter on History and Development of the Gas Indus-
try was added for the purpose of showing the really
tremendous progress of the gas business which is not
generally appreciated in this age of matter-of-fact
methods. A chapter was also added on Labor Saving
which is a subject of vital importance to all gas men,
as well as other employes of labor, at this time when
man power has become such a predominating factor in
the cost of production and handling of all commodities.

In gathering data for this book the various gas com-
panies were asked: First, for their opinion upon the
idea of getting out such a book. Second, for various
practices employed in the operation of their fitting shop
and, third. for their rules governing the installation of
gas piping. They were unanimous in agreeing that the
work would be of value to the gax industry and gener-
ous in sending their rules and methods of practice. In
addition to securing the co-operation of gas companies
the United States Bureau of Standards gave permission
to use their National Gas Safety Code which was then
under consideration by the Bureau and various com-
mittees from the gas fraternities. It was hoped' that
the Code would be completed by the time of publication
of this volume, but unfortunately an unforeseen emer-
gency prevented the Bureau from carrying out their
original plan on schedule, and the work has been post-
poned pending more favorable conditions. This book,’
therefore, refers to the code as standard authority at
such time as it may be completed and issued, and the
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author wishes to hereby declare himself automatically
corrected on any matter that may appear herein and
hereafter found to be conflictory to the same subject
appearing in the Code.

The public utility commissions of most of the states
furnished copies of their rules and regulations of
service, which were made use of in the text of the book.

From the data thus obtained and with the addition
of the other data gathered from various text books,
periodicals, ete., and from manufacturers of appliances
and apparatus and the writer's own practical experi-
ence this book has been written, and is dedicated to the
gas fraternity of the United States with the hope that
it may be of some small value to them as a stepping
stone toward a more general standard practice in gas
work.

The author wishes to extend his thanks to the various
gas companies, utility commissions, manufacturers and
to the Burcau of Standards and others who contributed
data used in this work.

GEO. WEHRLE.

Denver, Colo, Mayv 12, 1919,
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American
Gas Works Practice

CHAPTER 1

HISTORY AND PROGRESS

Despite the existing proofs of a high state of civil-
ization attained by the ancients, their acquaintance
with the existence of gases seems to have been lacking.
In books of ancient history, particularly the Scriptures,
reference to the term “smoke” is made, which seemed
to have been applied alike to all gases and vapors.
Chemistry was studied and practised in a crude way,
but was considered to be somethmg bordermg upon
the supernatural and alluded to as “Magic.”

Early Discoveries in the Chemistry of Gases

The first record of importance relating to gases was
in the sixteenth century, when a Flemish chemist by
the name of Van Helmont discovered the existence of
certain aeriform bodies that differed in their nature
from the air. These he found were produced by cer-
tain actions in various substances and were designated
by him as “spirit,” a name in common use for all things
invisible. The records show that he actually produced
gas in some of his experiments but believed that it was
not possible to confine it in any kind of a vessel. He
afterward referred to his new discovery as “Gas,” which
is the first record of the use of that now well known
word. It is believed that he derived the word ‘“gas”
from the Flemish word “geest,” meaning a spirit. . Van
Helmont must have carried on some extensive experi-
ments as he is accredited with the statement that “flame
is produced by ignited vapors.” With his period may
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would result in good to mankind, and in fact it is not.
definitely recorded that any serious thought was given
to the matter of utilizing these gases practically until
the time of Murdoch, to whom credit is given of being
the father of the gas industry.

William Murdoch was an engineer at Redruth in Corn-

.o
- [ }

Fig. 3. Old Print of Pipe Making -by Medieval Chinese

wall, and in 1792 he first entertained the idea of utiliz-
ing illuminating gas as a substitute for lamps and
candles. He conducted experiments along the lines of
removing the impurities contained in coal gas and tried
out different kinds of coals for the purpose of gas mak-
ing. It is recorded that he first lighted his house and
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office with this new illuminant in 1792, distilling the
coal in iron retorts and conveying it through tinned iron
and copper tubes to the burners. He also utilized a gas
holder, similar in function to those of the present day,
which had been invented by the French chemist,
Ldvoisier, in 1781. He substituted lanterns with blad-
ders filled with the gas, and to which burners were at-

Fig. 4. Modern Installation of Gas Mains in Tunnel

tached, for lighting the way between his house and the
mines. This is the first known practical use of gas and
firom which the history and progress of the gas industry
ates,
To Murdoch is due the credit of carrying on the first
experiments in gas purification and early in his studies
of gas production realized its necessity and importance.
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amount of sulphur contained. The use of lime as a
purifier is accredited to Dr. Henry and Clegg.

"In 1798 the Soho engine works was' lighted with gas,
which was the first instance of gas being used for in-
dustnal purposes. It seems that Murdoch nor his part-
ner Watt, son of the inventor of the steam engine, ever
applied for a patent on the process of making and using
ghs, seemingly not realizing the great importance of
the discovery.

‘At about the same time Murdoch was carrying on
his experiments a French engineer by the name of Lebon
was experimenting along the same lines in Paris and
ui 1799 he obtained in France the first patent on the
process of making gas, which was called ‘“an economical
method of employing fuel.” Record is given of the light-
mg of his residence in Paris with gas in 1802, ten years
after Murdoch had done the same thing in England.

To Murdoch must be given credit for perfecting the
first gas burners and for experimenting extensively along
this line. In 1802-03 Murdoch erected works for the
supply of gas to the premises of Messrs. Boulton and
Watt. In 1804 George Lee, of the firm of Phillips and
Lee, lighted his house and in 1805 the cotton mills of
the above named firm was lighted.

The cost of the erection of these isolated plants must
have been a serious impediment to the development of
gas lighting as of course the thought of a central plant
was out of the question at this stage. However, Mur-
doch states in comparing the cost of lighting the cotton
mills with gas with the cost of candles for the same pur-
pose that the former was practically two-thirds cheaper.
This cost is supposed to have represented the entire cost
of gas, interest on capital and depreciation.

Recognizing the importance of Murdoch’s discovery -
and its adaptability for the purpose of lighting cotton
mills in particular, other engineers went into the gas
business about this time and a considerable number of
isolated plants were erected. Messrs. Henry, Winsor and
Clegg were particularly active in the early developments
of the gas industry and to the latter is due many of the
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inventions and improvements that later made this busi-
ness a permanent success. In 1804 Winsor obtained a
patent on a process of making and utilizing gas and
claimed credit as its inventor and discoverer. In 1807
he obtained capital by subscription and formed the first
company for manufacturing and distributing gas.

His plant was located in the basement of a building
in Pall Mall, London, and from these premises he laid
the first main in a public street and receives credit for
achieving the first gas street lighting in the same year,
1807. It seems that Winsor was a man of high ambi-
tion and conceived the idea of forming a gigantic (for
that time) stock company for the purpose of obtaining
a royal charter or exclusive privilege for lighting the
ehtire British Empire with gas. He may thus be called
the first promoter or gas syndicate magnate. He ob-
tained a charter in 1812, but the privileges accorded were
very moderate as compared to those requested. Compe-
tition was nat prevented in the terms of this charter and
the activities were confined to the city of London. The
plant was erected and the first gas distributed for com-
mercial purposes about the year 1813.

" The first recorded instance of the use of gas for illu-
minating purposes in the United States was in 1806,
when David Melville of Newport, R. 1., lighted his house
and the street in front of it with gas of his own manu-
facture, made on the premises. Melville improved his
abparatus from time to time, finally patenting it in 1813.
He introduced gas for lighting of a cotton mill at Wa-
tertown, Mass., and of a mill near Providence, and in
1817 employed it in lighthouse illumination.

Development of the Gas Industry

From the year 1813, when the first real gas plant
was put in operation in London, the industry grew, at
first slowly, then more rapidly as improved apparatus
was developed and knowledge of the physical laws in-
volved acquired.

By the year 1819 gas works were in operation in Eng-
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thirds of the manufactured gas sold to American con-
sumers is used for other purposes than illumination.
In the first days of gas lighting coal gas was almost
exclusively manufactured. This gas had an illuminat-
ing value of 15 to 17 candles, and was considered a
brilliant illuminant in the earlier days when com-
parison was made with whale oil lamps and tallow
dips. But the advent of kerosene and the improvement
‘in oil lamps marked the beginning of an era of higher
candle power, and by creating a new factor in the

Fig. 10. War-time Coke Handling in London

competition for urban lighting promised to reduce the
rapid growth of the gas business.

At this crisis in the history of gas lighting a French-
man, Tassie du Motay, and an American, Prof. T. S. C.
Lowe, were independently experimenting in the manu-
facture of gas by the dissociation of steam in contact
with incandescent carbon. The result of these experi-
ments was the development of the so-called “water gas”
systems that bear the names of their distinguished in-
ventors, the cupola-retort system of Du Motay, and
the generator-superheater system of Lowe, the latter



HISTORY AND PROGRESS 13

being the most important of all inventions affecting
the manufacture of gas.

A few years after the invention of the water gas
processes, and during their development, the electric
light appeared on the field as a competitor which
promised to prove more formidable than the previous
danger of cheaper oils and improved oil lamps for
illuminating purposes.

About 1890 the gas lighting industry received a new
and powerful weapon for use in its competition with

Fig. 11. Modern Coal Storage Plant

electric lighting in the incandescent mantle gas lamp.
This lamp is the invention of Carl Auer von Welsbach
of Vienna. '

Development of Coal Gas Generation

In the early experiments carried on by Murdoch for
the production of coal gas various methods of retort
setting were employed, the chief object in arranging the
position of the retorts being the removal of the coke
and residue. His first retorts were arranged vertically,
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then inclined at various angles, and finally horizontal,
which was considered as standard for many years.
For a number of years after the first coal gas plant
was erected the retorts used were made of cast iron.
About 1820 the first clay retorts were introduced in
England. The general adoption of clay retorts was very
gradual, and it was not until about the year 1860 that
their advantages became so apparent as to warrant
their common use. When first employed clay retorts
were made of plastic fire clay only, which broke into

Fig. 12. The First Large Retort House in America

pieces when exposed to the heat of carbonization. Af-
terward they were formed of a compound of plastic clay
intermixed with granulated burnt clay or calcine, which
withstood the heat without breaking. Within recent
years the fireclay retort has given way almost entirely
to those made of silica material which possesses many
advantages.

The first retort settings consisted of one retort heat-
ed by its separate furnace. Afterward various num-
bers of retorts were grouped together in a single set-
ting, but groups of three retorts seemed to be the
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prevailing method of setting for a number of years.
After progress had standardized retort settings to
some extent, benches of sixes and nines became the
groups generally adopted and which prevail in the com-
mon carbonizing plants of the present day.
While the horizontal retorts of early days are still

Fig. 13. Modern Gas Retort House Architecture

in common use they have been supplanted to a large
extent by inclined and vertical types, and by the oven,
while the old horizontal stop end type has in many
cases given way to the horizontal throughs. The use
of mechanical stokers and other means of economically
charging and discharging the retorts has influenced
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the evolution in carbonizing equipment, which is
brought about by the ever increasing cost and scarcity
of stoking labor and by the necessity for cheapening
production costs so as to enable the company to sell
their product at a lower price.

The first furnace used for heating coal gas retorts
was of the direct fired type, which has been supplanted
in the last thirty years by the regenerative and re-
cuperative type, the latter being the prevailing kind at
the present time. The evolution in furnace construc-

Fig. 14. Old Time Shovel Charging Retort

tion has been as pronounced as that in retort settings
until one would not recognize in the modern gas bench
the simpler setting of a century and less ago. By the
adoption of the recuperative full depth furnace fuel
consumption per ton of coal carbonized has been de-
creased practically 50 per cent, the life of the entire
bench has been increased, as has also the efficiency of
operation, all due to the temperature control obtainable.

A striking example of the progress of carbonization
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plants in a little more than 100 years is seen in a
comparison of the Astoria Plant of the New York Con-
solidated Gas Co., with a sketch of the original plant in
London. One can hardly conceive of this huge Astoria
plant with its immense stacks of inclined and through
retorts as having been evolved from the small beginning
of Murdoch and other pioneers in the industry. Going
further we see other types of construction, as for in-
stance, the vertical settings of Providence, Rochester,

Fig. 15. Larry Charging Retort Ovens

Fall River, etc., the coke oven plants of Milwaukee
and St. Louis, the slot oven retorts of Jackson and Ann
Arbor and the hundreds of plants employing various
mechanical means of charging and discharging hori-
zontal retorts.

It is not necessary to go back 100 years for striking
examples of progress in the gas industry; that which
has been seen by a great many of our present-day gas
men is sufficient. We may conclude that the advent
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of the regenerative furnace was the real beginning of
this progress.

History and Development of Water Gas Generation

There are records of attempts being made to produce
water gas as a substitute for coal gas as early as 1824
when Ibbotson obtained a patent for producing hydro-
gen by the decomposition of steam which he proposed
to mix with tar or coal. Many schemes were tried out,
the one in particular which offers the most striking con-
trast to present-day methods being the liberation of

Fig. 16. Modern Mechanical Retort Charger

hydrogen from water by admitting steam into retorts
filled with red hot iron. Scarcely, if any, success was
attained in these early experiments in water gas mak-
ing and it remained for an American, Prof. Lowe, to
perfect the process and to him is due the major credit
for the development of this part of the industry.

The first attempt to distribute carburetted water gas
on a commercial scale was made by Donavan in 1830.
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This gas was experimented with for lighting the streets
of Dublin, but was not a success. In 1846 Gillard at-
tempted to manufacture and distribute non-luminous
water gas in Narbonne and Passy, France. His scheme
was to heat platinum wire cages, attached to the burn-
ers, to incandescence by the combustion of the water
gas, but this was also a failure from a commercial
standpoint.

It was not until the early seventies that anything

Fig. 17. This Scene Is Common Even Today

bordering on success was achieved in the manufacture
of water gas, although something like sixty patents
were taken out on such processes and apparatus during
the forty years interval between Donavan’s and Lowe’s
experiments.

The discovery and development of the oil fields of
Ohio and Pennsylvania and the invention of the Gen-
erator-Superheater apparatus by Prof. Lowe, made pos-
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sible the successful and economical productlon of car-
buretted water gas.

The Lowe patents were granted in 1872 and 1875 and
the first apparatus was installed by Prof. Lowe in

Fig. 18. Vertical Retort Coke Discharge Provisions

Phoenixville, Pa., in 1875. In the latter part of 1882
the Lowe patents were purchased by the newly organ-
ized United Gas Improvement Co. of Philadelphia, and
to them is due the remarkable improvements and de-
velopment of the modern water gas apparatus which



HISTORY AND PROGRESS 21

still carries the name of the American inventor, Lowe.

After the acquirement of the Lowe patents a bitter
fight was waged against the newly organized company
by infringers and critics of the new process. The first
apparatus was crude and many obstacles had to be
overcome, but the survival of the Lowe apparatus over
all other types and the fact that in the first thirty years
of its existence the United Gas Improvement Co. in-
stalled 787 sets of apparatus having an aggregate daily
capacity of 654,225,000 cu. ft. is sufficient proof of the

Fig. 19. Old Time Hand Discharge of Coke

quality and efficiency of the Standard Lowe apparatus.

In the year 1915 the quantity of water gas manufac-
tured and sold in the United States was 124,129,569,000
cu. ft., or 47 per cent of the total quantity of artificial
gas output, while the number of plants in operation is
given as b553.

Development of Oil Gas Manufacture

Methods of distilling oil into gas dates back to the
time of the discovery of petroleum, but as the distilla-
tion in the early period took place in cast iron or clay
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Until the year 1884 coal gas was made exclusively in
California from coal brought from Australia in ballast.
In 1899 the plants in operation in the state were: 1

-

Fig. 21. Replaced by This Building on Same Site

crude oil water gas works, 10 Lowe process carburetted
water gas plants, 18 coal gas works, and 6 oil and air

gas works.
From this small beginning the oil gas industry grew °
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until in 1909, ten years later, California had 56 oil gas
works and but one small coal gas plant.

The credit for discovering the method now used in
manufacturing oil gas belongs to L. P. Lowe of San
Francisco, while the chief credit for developing the

Fig. 22. Natural Gas Lighting of an Ancient Temple

apparatus and process should be given to E. C. Jones,
who has done more than any one else to make this in-
dustry the tremendous success that it is today. It is
now the principal method of gas manufacture in the
states of California, Oregon and Arizona, and the fact
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the amount of gas produced was in excess of 500,000.,-
000,000 cu. ft. It is estimated that the number of con-
sumers exceeds 1,000,000.

Until the last few years difficulties were encountered
in constructing pipe lines of sufficient size capable of
holding high pressure. This prevented the marketing
of gas at points far distant from the source of supply.
Modern steel pipe, rubber-packed couplings, the weld-

Fig. 26. A Modern Bank of Hotel Ranges

Y

ing process and the development of compressors, driven
by gas engines of 1,000 horsepower and more, have fur-
nished a means. of surmounting difficulties in trans-
mission and gas is transported as far as 600 miles at
the present time.

The Empire Gas and Fuel Co. have but recently
finished the construction of a 12 and 16-in. transmission
line a distance of 113 miles from fields in Oklahoma to
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points in Kansas for the express purpose of improving
service. Most of this line lays in solid rock and ex-
treme difficulties of many kinds were encountered and

Fig. 27. Another Early Gas Range

overcome. This serves only as an example of modern
practice as compared with the 2-in. pipe line five miles
long laid in Titusville forty-six years ago.
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History and Development of Apparatus and Methods

. A great part of the apparatus in use in gas plants
today is the result of the evolution of the apparatus

Fig. 28. A Modern Gas Grate for Room Heating

originally used in a crude form by the pioneers of the
industry. While the improvements are pronounced and
the form unrecognizable, the modern Corliss engine is
but a steam engine just as was the first one built by

.
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Watt over a century ago; by the same analogy, many
pieces of modern gas apparatus are performing a func-
tion outlined in a crude manner by the early inventors
and designers for similar though smaller apparatus.

Exhausters

The actual necessity of an exhauster for drawing gas
from the retorts and forcing it through the succeeding
apparatus into the holder was made apparent by the
adoption to common use of the clay retort. With cast
iron retorts, where the leakage was not so great, heats
not so high, and the causes of deposition of hydrocar-
bons not so thoroughly understood, this piece of ap-
paratus, so vital to successful operations of today, was
dispensed with.

The advent of the exhauster dates from the first use
of the clay retorts, about the year 1820, and its de-
velopment has been in harmony with other important
apparatus. In the early days various types of exhaust-
ers were used. Some of them worked like an ordinary
pump, some were of a rotating type, some were modifi-
cations of the gas meter, while others consisted of one
or more gas holders, working in tar, that were elevated
and depressed by use of a steam engine. The simplest _
type of all was the one emploving a steam jet effect to
pull the gas by injection and force it by ejection.

The Beale exhauster was one of the first to be adopted
for common use, which was somewhat similar to the
later Mackenzie type that is seen today in some of the
American plants. The principle of the reciprocal
pumps of the Root and Sturtevant type in common use
in the gas works of this country today are too well
known to require comment.

The need of washing and scrubbing gas to remove
certain impurities was known to Murdock in his early"
experiments. It is doubtful, however, if he knew the
character of the impurities contained, but it is certain
that he recognized the necessity of removing certain
constituents from the crude gas in order to at least rid
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it of its disagreeable odor. His early experiments in
purification consisted of washing the gas with water,
but how he accomplished this is not recorded.

Washers and Scrubbers

Gas engineers early recognized the necessity of re-
moving from the gas such impurities as tar, ammonia
and water vapor, with the minimum reduction of
illuminating quality, the accomplishment of which in-
volved much study and experiment. The process at
first must have seemed very simple indeed when it was
thought that by cooling the gas all liquid matter would
be removed therefrom.

First it was found that the quality of the gas was
much impaired and later that fresh water was neces-
sary for the removal of the ammonia and some me-
chanical action necessary for removing the last traces
of tar.

The evolution of washing, scrubbing and tar extrac-
tion was very gradual and various types of apparatus
are described in early books on gas manufacture.
Washers, similar in function to the Chollar of today,
were much in vogue, while the tower 3crubber was the
prevailing method of removing ammonia. Afterwards
various forms of rotary scrubbers were invented and
this type has prevailed to a large extent up to the
present time. The Pelouze and Audoin tar extractor,
for the removal of tar by mechanical action, came into
general use about thirty years ago and has proved one
of the most efficient pieces of gas works apparatus.
When this apparatus was first introduced in England
its use was prohibited due to the claim of English gas
engineers that illuminating values were too seriously
impaired. This, of course, was due to the lack of
knowledge at that time of a necessity for temperature
control in the removal of tar.

At the present time the functions of condenser,
washer, tar extractor and scrubber are combined in
one apparatus, known as the washer-cooler, which may
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an advantage. Where the layers of lime could not be
more than 12 in. deep the iron oxide sponge could be
used in layers as deep as 3 ft. and several such layers
arranged in one box. This led to the adoption of larger
purifying units, while the property of revivification in
the material caused changes in design and construction
involving the handling of the sponge in and out of the
boxes and during revivification.

Aside from the cheapness and efficiency of iron
sponge over lime the most decided advantage was in
the elimination of a necessity for housing the purifiers

Fig. 30. Outside Boxes Replace the Costly Purifier House

and at the present time most of the purifying apparatus
is to be found out of doors, thereby saving a large con-
struction cost. The present tendency in purifier de-
sign is toward the open air tank of cylindrical shape in
which units may be added as required at small com-
parative cost.

A discovery made in the early '80s was the revivifica-
tion of the iron oxide purifying material in situ. This
practice has been generally adopted by all modern gas
works and its discovery has proved to be of great benefit
from a cost standpoint. The reversal of the gas flow
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through purifiers was the invention of Mr. Chollar and
first adopted by him in St. Louis about 1899.

Many natural oxides have been discovered and are
being used extensively in sulphur purification, proc-
esses having been perfected for treating the natural
ores to rid them of impurities and make them efficient
purifying agents. Iron sponge may be purchased of
manufactures and dealers ready for use and in most
cases they are superior in quality and lower in cost
than the home-made material made from rusted iron
borings and shaving or crushed corncob filler.

The Station Meter

Samuel Clegg may be called the inventor of the wet
meter evolving the device along two lines: first an at-
tempt to produce a revolving gas holder and second to
produce a correct measuring device to measure the gas
used by consumers. This invention dates back to early
in the nineteenth century. Clegg’s meter was similar in
function to the present wet meter, but many improve-
ments have since been made. John Malam in 1819 de-
scribes a wet meter embodying additions and improve-
ments over Clegg’s meter. Later Samuel Crosley ob-
tained Clegg’s patent rights and made further improve-
ments over both Clegg and Malam. With the exception
of the drum Crosley's meter was practically as we know
the wet meter today.

The Crosley drum, with minor improvements, was the
standard for many years. In 1882 William Parkinson
patented in England a drum which proved to be a de-
cided improvement over Crosley’s. This drum, known
as the Parkinson or three-partition drum, is familiar to
all at the present time, but has been supplanted in most
wet meters by a more improved and efficient drum
known as the Hinman. The Hinman drum was patented
by Charles Hinman in 1896 and proved to be a great
advance in the correct and economical measurement of
gas by station meters. It is now in general use in prac-
tically all wet station meters of modern times.
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The next decided advance in the metering of gas in
bulk, was the appearance of the Rotary Meter, which
was first introduced in England in 1903, the inventor of
which was the late Thomas Thorp, who was the pioneer
inventor of the positive prepayment meter, and also the
well known Thorp gauge, which has been in such gen-
eral use in the United States as well as in Europe and
who gained an enviable reputation in the scientific
world for numerous practical inventions of instruments

Fig. 31. Wet Station Meter and Rotary Meter

of precision. In 1905, E. C. Brown, while in England,
found the Rotary Meter had been introduced into many
of the important gas works undertakings of that coun-
try, and secured the patents for the United States and
Canada. Shorly thereafter he organized the Rotary
Meter Company, which has built and installed these
meters in most of the important gas works of the coun-
try; and, in addition, many of these meters of very large
capacity have been introduced into some of the largest
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of the gas industry requiring larger holders caused the
adoption of other materials in constructing the tanks.
Brick work, masonry, concrete, and even cast iron, was
then used, with the tank usually below the surface of
the ground. This style of tank has now given way to
the steel tank which is usually constructed for the most
part above ground.

The first cylindrical holder was built about 1817 in
Chester, England, and was 35 ft. in diameter. In 1840

Fig. 33. A Modern Type of Storage Holder

the first telescopic or multiple lift holder appeared,
which was 60 ft. in diameter and 36 ft. high, having a
cdpacity of about 100,000 cu. ft. In 1847 a holder was
built in London 100 ft. in diameter and shortly there-
after two more were built 200 ft. in diameter and hav-
ing a capacity of 2,000,000 cu. ft. each. In 1874 a holder
of 3,000,000 cu. ft. was erected, followed shortly by one
of 5,600,000 cu. ft. Holder sizes continued to increase
until about 1890, when the large 12,000,000 cu. ft. unit
in East Greenwich was erected. It remained for the
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United States to surpass this by the erection of the

15,000,000 cu. ft. holder at the Astoria plant of the -

Consolidated Gas Co. of New York some fifteen years
ago, which has not been exceeded at this time.

) From the square tank of Lavoisier inverted in another

tank of water and the first cylindrical tank 35 ft. in -

diameter to the massive Astoria holder is a wide step

Fig. 34. Compressed Air Replaces the Hammer in Calking

covering a period of little more than a century, but it
is typical of the growth and progress of the gas indus-
try in that time and is shown by a similar development
in all other lines of the business.

In the early days of the gas business various sub-
stances were used for main piping. The first were of
wood made by drilling a hole of the proper size in a



HISTORY AND PROGRESS 41

Fig. 35. The Pick-and-Shovel Street Trenching Gang
log and using a sort of a spigot joint. Earthen pipes

or tile were also used to some extent, but resulted in
failure. Cast iron pipe was in service in Versailles,

Fig. 36. Trench Excavation by Machinery
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France, as water pipe in 1664 and was first used for
gas early in the nineteenth century. It soon became
the prevailing kind of main and by development has
remained so to the present time.

Mains and Services

Tinned and lead pipes were used for services in the
early days, although it is said that the first services

Fig. 37. The First New York Gas Main and Valve

were made of old gun barrels screwed together. In
1812 an Englishman by name of Osborn patented
machinery for welding gun barrels and other cylindrical
articles and in 1824 James Russell filed an improve-
ment on the process. This was the beginning_ of the
manufacture of wrought iron pipe and was developed
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\ snrouagh the requirements of the growing gas
f\ﬁw- The first furnace for making butt we,ged
e in the Wited States was built about 1834 in Phil-
p The first material used for making gas pipe

‘e\p\\.\a‘ . -
ey rought iron and this was generally used until the

Fig. 38. Valve Recently Turned Out by a Works Builder

latter part of the '80s when steel pipe appeared. In
the beginning this steel pipe was not an entire success
and in 1890 only about 5 per cent of the pipe manufac-
tured in the United States was steel. New develop-
ments and discoveries, however, perfected this kind (;:f
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pipe until at the present time approximately 90 per cent
of all welded pipe manufactured is steel.
The use of increasing high pressures and the inven-

Fig. 39. The Old Way of Threading Pipe

Fig. 40. Now Gasoline Power Threads the Pipe .

tion of the autogenous welding process in recent years
have greatly influenced the use of steel pipe for gas
mains and there is a growing tendency toward the adop-



HISTORY AND PROGRESS 45

tion of this kind of pipe where permanency is one of
the predominating factors.

Mains and services of the early period were of small
size which, as the industry grew, required frequent re-
placement. It is only within recent years that means
have been adopted of increasing pressures rather than
continuing the enlargement of mains. As pressures
cannot practically be increased to suit any required
volume of gas through any size of pipe it is still neces-
sary, however, to employ large sized mains under high

Fig. 41. Compressed Air Breaks Up Paving Over Trench

pressure, whicht still requires frequent enlargement of
pipes. The largest gas mains in the United States are
those carrying gas from the Astoria plant into New
York, which are 72 in. in diameter.

Pressure

As explained elsewhere in this book distribution
systems and pressures carried are in most cases the
result of evolution. Pressures used in the early days



48 AMERICAN GAS WORKS PRACTICE

than illumination and the means thereby furnished of
making possible the stupendous progress noted in the
statistics that follow.

Gas ranges were made in London as early as about
the year 1840, but it is recorded that they were not
appreciated by the public and success was not had by
the firm engaging in their manufacture. In 1851 God-
dard improved this appliance and the attempt was again
made to interest the public, but without success. In
1857 an English engineer by name of Somerville made
the third attempt by hiring the stoves out to the con-
sumers and is said to have met with a success that was
the beginning of the use of gas as fuel.

Fig. 45. Baltimore Meter Repairer of the Olden Days

The cost of gas in comparison with other fuels re-
stricted its use for many years and it has been within
the last twenty years that the development in manu-
facture and distribution, coupled with the inaugura-
tion of commercial or sales developments, has allowed
a reduction in price which put gas in open competition
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with other fuels and made possible the wonderful
growth of the business in these few years. There is
scarcely a gas man of today who is not familiar with
this development, having passed through it and con-
tributed his share toward the common end, namely, the
success of the industry.

Rates

Quite as much improvement has been made in rates
as in any other phase of the gas business and it is

Fig. 46. Meter Man of To-day and His Special Car

given the same attention by modern companies. The
first gas consumers must have been charged on a flat
rate as the meter was not perfected until some years
after the bjrth of the gas industry. Even after the
meter came into general use its accuracy was unsatis-
factory and much trouble must have been experienced
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in adjustments at that time. In 1872 George Livesey,
in England, first proposed the sliding scale rate, which
met with considerable opposition from the gas com-
panies, who could not at that time see the relation
between output and price. It was finally adopted in
1875 and met with a great deal of success. The readi-
ness-to-serve rate is of quite recent origin and em-
. bodies within its terms the factors which go to make
up the expenses of the company. First there is a con-
sumer’s charge which takes into consideration the fixed
expense of the company and is the same in all cases
regardless of the amount of gas consumed. The second
is a demand charge, which is based upon the instan-
taneous demand occasioned by the consumers’ appli-
ances and which regulates the size of main, service, and
meter. Third there is a consumption charge of so
much per 1,000 cu. ft. of gas consumed, the rate usually
being considerably lower than the regular meter rate
in order to encourage large consumption. As this rate
penalizes high demands without large consumption it
discourages disuse or partial use of appliances con-
nected and at the same time encourages large consump-
tion by lowering the net cost per 1,000. This rate is
especially applicable to industrial consumers and large
users of gas, but is usually prohibitory to the small
domestic consumer. In order to find the turning point
or amount of consumption per month where the net cost
is the same for the readiness-to-serve and meter rate
the formula is:
ALB
X =
C—D

Where A equals the consumer’s or fixed charge.

Where B equals the demand charge.

Where C equals the meter rate.

Where D equals the readiness-to-serve consumption

rate.
Where X equals the amount of gas per month.

As the consumption of gas is increased beyond this
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figure for the same appliances connected the rate per
1,000 cu. ft. is automatically lowered. This rate, there-
fore, has all of the advantages of the sliding scale rate
with the additional advantage to the company of afford-
ing the proper revenue for investment and fixed ex-
pense. Contracts under such a rate should not be
signed up for a shorter term than one year as a pro-
tection to the investment necessary to give service.

Residuals

The chief residuals of gas manufacture are coke, tar
and ammonia, but lately two other by-products have
claimed the general attention of the gas industry,
namely, toluol and cyanogen.

Fig. 47. Typical Emergency Car of To-day

There was a time in the gas business when tar and
ammonia were a nuisance around the plant and where
possible were run into the river, while coke was used
with ashes to fill up the yard. That time of course has
now passed and the marketing of residual products is
quite as important as the sale of gas.

Coke has taken the place of coal in a great many
operations and a ready market is found for all pro-
duced. The problem of storage during times of slack
demand has in a large measure been mitigated and few
companies are now able to supply the complete demand.
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Sizing plants are installed in practically every gas
works and the product supplied as required.

The ammonia produced from coal gas manufacture
represents the largest source of production of this
article. It is always readily marketable and at the-:
present time the demand exceeds the supply. Most gas
works maintain concentrators, increasing the strength
of liquor from about 2 per cent strength as produced
to 15 per cent as sold. Ammonia is generally marketed
by the gas companies in the form of concentrated
liquor, the buyer usually being chemical works who
dispose of the product in other forms.

Tar commands a ready sale and is used in a multi-
tude of forms. Its derivatives are innumerable and some
of the larger companies operate distillation plants in
conjunction with the gas works whereby a greater profit
is made than through the sale of the raw tar. The
copper flotation process using coal tar is a recent in-
vention that created a large demand.

A great deal of work is being done at this time toward
the recovery of toluol from gas. A large number of
plants are now in operation, with more in contempla-
tion. The demand for this article is so great that its
recovery is receiving the attention of the most eminent
engineers in the country.

Consumers’ Meters

Samuel Clegg receives credit among his other great
achievements of being the inventor of the meter which
is previously mentioned under the heading of station
meters. His meter was of the wet type, which was the
kind of consumer’s meter used for a number of years
after the beginning of the gas business. The wet meter
for use as a consumer’s meter had so many disadvan-
tages that it was generally superseded upon the inven-
tion of the dry meter.

The dry meter was first patented by John Malan in
1820 and the one now universally employed was pat-
ented by Richards in 1844. As with the wet meter im.
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provements were made from time to time, and are still
being made; however, the principle of the dry meter
is the same today as it was seventy years ago.

The greatest improvement to the dry meter was the
bringing out in 1904 of the high capacity “B” meter
now 8o generally used. This meter was first put on
the market by the Maryland Meter Co. of Baltimore and
has proved to be almost the last word in consumers’
meters. The Sprague iron meter was put on the mar-
ket in 1900 and also proved to be a great innovation in
supplying a meter of practically every feature em-
bodied in the tin meter with the advantage of the cast
iron case for withstanding hard service and usage.

Statistical

The following figures reproduced from the report of
the United States Geological Survey show very con-
clusively the progress in the manufactured gas indus-
try:

Average Capacity of Manufactured Gas Plants

Sales per

Year Kind of gas Sales, M. cu.ft. No. plants av. plant,
M. cu. ft.

1898 Coal gas........ 18,431,201 433 42,566
1902 Coal gas........ 25,069,000 522 48,024
1903 Coal gas........ 25,670,000 514 49,942
1904 Coal gas........ 30,109,449 514 58,579
1905 Coal gas........ 30,722,279 508 60,477
Oil and water gas 77,412,025 477 162,289

1907 Coal gas........ 34,302,954 493 69,580
Oil and water gas 94,634,603 520 181,990

1908 Coal gas........ 37,355,886 482 77,602
Oil and water gas 103,347,497 552 187,224

1912 Coal gas........ 35,202,124 424 83,024
0Oil and water gas 122,697,796 604 203,142

1915 Coal gas........ 43,747,432 396 110,473
0Oil and water gas 138,100,902 646 213,778



54

AMERICAN GAS WORKS PRACTICE

Manufactured Gas Consumed in U. S. by Kinds

Year
1898

1902
1904

1906

1907

1908

1912

1916

Kind of Gas Moo, Value
Coal gas...... 18,431,201  $21,502,295
Water gas..... 30,418,987  ........
Oil gas........ 497,016  ........
By-product gas 3,620,673 @ ........

Total....... 52,967,877  ........
Coal gas...... 25,069,000  ........
By-product gas 4,010,074  ........

Total....... ........ 29,342,881
Coal gas...... 30,109,449  ...... ..
By-product gas 4,705,542  ........

Total....... ........ 32,090,998
Coal gas...... 30,722,279 @ ........
By-product gas 9,731,936  ........

Total....... ........ 32,937,456
Oil & water gas 77,412,025 78,072,500

Total....... 117,866,240 $111,009,956
Coal gas...... 34,302,954 33,331,465
By-product gas 20,516,731 3,130,839
0il & water gas 94,634,620 90,178,112

Total....... 149,454,305 $126,635,416
Coal gas...... 37,355,886 34,670,418
By-product gas 16,205,925 2,557,483
0il & water gas.103,347,497 96,343,221

Total....... 156,909,308 $133,671,122
Coal gas...... 35,202,124 32,031,367
By-product gas 54,491,248 4,650,617
0Qil & water gas.122,697,796 111,600,841

Total....... 212,391,168 $148,282,725
Coal gas...... 43,747,432 40,257,108
By-product gas 84,355,914 8,624,899
OQil & water gas.138,100,902 124,950,125

Total....... 266,204,248

$173,832,232

Av. price.
M. cu. ft

$1.17

oo

1.01
0.92
0.81
1.01
0.97
0.16
0.95
0.93
0.16
0.93
091
0.91
0.92
0.10
0.90
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Manufactured Gas Consumed in the U. S. in 1915

Illumination, Domestic fuel, Industrialfuel,

Kind M. cu. ft. M. cu. ft. M. cu. ft.
Coal gas........ 14,345,069 24,204,443 5,197,930
Water gas...... 47,816,398 65,920,911 10,392,260
Oil gas......... 1,438,990 12,273,252 369,091
By-product gas.. 17,196,426 27,690,624 39,568,864
Total....... 80,796,873 129,889,230 55,518,145

Per cent of total 30% 49% 21%

Aot @ s v

Fig. 48. Increasing Importance of Gas for Fuel

\

Fig. 49. Comparative Production of Various Gases
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Total and Per Capita Gas Consumed in U. S.

: 1lluminating, Fuel, Total, Per capita,
Year M. cu. ft. M. cu. ft. M. cu. ft. cu. ft. -
1905.... 86,349,641 31,516,599 117,866,240 1,286
1907.... 102,088,386 47,365,921 149,454,307 1,477
1908.... 109,290,117 47,619,193 156,909,310 1,582
1912.... 100,000,321 112,390,847 212,391,168 1,655
1915.... 80,796,873 185,407,375 266,204,248 1,809

Per cent
Increase in gas consumed.......... 1915 over 1905 126
Decrease of illuminating gas....... 1915 0ver 1905 7
Increase in fuel gas............... 1915 over 1905 500
Increase in per capita consumption..1915 over 1905 40
Per cent of total used for illumination in 1905.... 738
Per cent of total used for illumination in 1915.... 380
Per cent of total used as fuel in 1905............. 27
Per cent of total used as fuel in 1915............. 70

From the foregoing tables it is shown that in 1915
the increase in percentages of manufactured gas con-
sumed over 195 were:

Per cent
Coal gas ... .. e 43
By-product gas ............ ... . ... 770
Oil and water gas...........civiiinnnnn 80
Total ... e 166

Value of Manufactured Cas and By-products in 1915

Kind of gas Gas Coke
By-product ........... $8,624,899 $48,558,326
Coal ................. 40,257,108 7,198,377
Water ............... 112,281,956 ........
Oil ... i 12,668,169 ........

'

Total............. $173,632,132 $66,756,702
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Tar Ammonia Other residuals Total
$3,568,384 $9,867,475 $7,763,821 $78,382,904
1,555,363 1,329,651 53,488 50,393,987
1,118,666 @ ........ 68,351 113,468,963
4268  ........ 174,659 12,847,096

$6,246,671 $11,197,126 $8,060,319 $255,092,950

QUANTITY VALUE

Tota! value of coke
ana by-products
478,383.000

Coal carbonized
19,554,000 net tons

Fig. 50. Conversion of Quantity and Value Through
By-product Coking

The Department of Commerce in its 1914 census of
manufactures gives the number of persons engaged in
the manufactured gas industry as 63,993 as compared
with 28,363 in 1899, 40,043 in 1904 and 51,007 in 1909.
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The number of establishments is given as 877 in 1899,
1,019 in 1904, 1,296 in 1909 and 1,284 in 1914. The
. cap:tal invested was:

1899 ... it $667,000,506
1909 ..oiiiiiiiiiiiiiiiiee, 915,686,762
1914 ...ttt 1,252,421,684

(The latter figures are probably inaccurate and only
indicate the general condition.)

The miles of main in the United States in 1909 was
46,119 and in 1914, 58,727.



CHAPTER 11

GASES AND THEIR PROPERTIES

The word “gases,” in its full meaning, includes air
and all of the gaseous elements and compounds known
to man, but in this heading it refers only to the various
kinds of so-called “illuminating” gases, manufactured
or produced for utilization by the public in the produc-
tion of light and heat for domestic and industrial
purposes.

Kinds of Gases, Characteristics

Of the different kinds of gases manufactured or
produced for commercial purposes in the United States,
those of greatest importance are coal gas, carburetted
water gas, oil gas and natural gas, the first three being
designated as artificial gas to distinguish them from
the latter.

Coal Gas is the gas resulting from the destructive
distillation of bituminous coal, at high temperature, in
a retort or oven externally heated. Under efficient
operating conditions, using a good grade of gas coal,
there should be obtained from each ton of coal car-
bonized 10,000 cubic feet of gas having a heating value
of 550 B.t.u. and illuminating value of 15 candles, 12
gallons of tar, 4%, pounds of ammonia and 1,300 pounds
of coke. Of the coke residual, 300 pounds would have
to be used as furnace fuel to heat the retorts, for each
ton of coal carbonized.

Coal gas is usually the most profitably manufactured
of the artificial gases, due to the credit obtained from
the sales of the by-products produced; but, owing to
municipal or state regulation of heating value and
candle-power, it is generally necessary to employ some
method of enrichment whereby these qualities are in-
creased.

The most common form of enrichment is by the
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mixture of a proportion of carburetted water gas with
the coal gas, which brings the “mixed” gas to the proper
quality to meet requirements.

Carburetted Water Gas is a gas produced by decom-
posing steam by contact and union with carbon at a
high temperature, then adding to and mixing with a
certain proportion of oil gases, the richness of the gas
depending upon the proportions in which the water gas
and oil gas are mixed.

It can be seen by this description that a wide range
of luminosity and corresponding heating value may be
obtained in this gas, which make it a most simple and
flexible means of meeting quality requirements.

Carburetted water gas is usually made from gas coke,
although anthracite coal is a superior fuel for this
purpose, due to its lower cost. Good operating results
should show a fuel consumption of 30 to 835 pounds of
coke per 1,000 cubic feet of gas made.

The oil used is what is known as “gas oil,” which is
a petroleum distillate. The results obtained from an
oil depend primarily upon its specific gravity and com-
position, but an average production of 1,000 cubic feet
of gas, using three gallons of oil, should be considered
good. The illuminating value of this gas would be
about 20 candles, and heating value about 640 B.t.u. .

In the manufacture of coal gas the operation must
be constant, as the retorts and settings are injured by
bringing up and letting down “heats,” as would be
necessary were the make of gas inconstant. A water
gas machine, however, may be brought up to heat from
“stone cold” in an hour’s time, and may be let down
and brought up innumerably without injury to any part
of the apparatus. For this reason it is common prac-
tice in plants making both coal and water gas to main-
tain a certain constant make per day of each kind of
gas in the proper proportion to meet quality require-
ments, with a fluctuating quantity of water gas to meet
varying sendouts.

One man with a helper may make as much water gas
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as fifteen men in the coal gas plant, where hand-stoking
is employed ; but as there is scarcely any residual credit;
the cost of the gas generated, which is practically that
of the gas making materials, is higher in most cases
than coal gas. As gas oil is subject to erratic fluctua-
tione in market price, and in this day and age a contract
of any length is a curiosity, it is practically impossible
from an economy standpoint, unless the plant is located
close to the oil supply, to readily operate a straight
water gas plant. Few cities have both coal and water
gae equipment of ample capacity to supply their de-
mands, so that they are prepared to meet any condi-
tions that may arise, favorable or unfavorable, to the
manufacture of either kind of gas, for while water gas
has its conditions of oil shortage or high price, coal
gas is not entirely without its troubles, as there are
coal strikes, railroad troubles, mild winters effecting
coke sales and labor troubles at the gas plant, wnich,
due to the difference in number of men employed, falls
heaviest upon the retort house, which effects the cost
or difficulty of production of coal gas. Therefore, the
manager who has the combination plant is the one who
sleeps best at night and has the fewest gray hairs. At
the present time one of the largest gas companies in
the United States, which up to this time made nothing
but water gas, is building a coal gas plant.

Qil Gas is the least used of the artificial gases under
consideration. Strictly speaking, it is the gas resulting
from the destructive distillation of oil (liquid hydro-
carbons). Pintsch gas, which is used in coach lighting,
and Blau gas (liquid), which is used for domestic pur-
poses, are the principal kinds of pure oil gas; but under
the heading of oil gas must be included that manufac-
tured and used in California and other Pacific Coast
states, which is nosmall industry.

The Pacific Coast oil gas is made by a process similar
to the manufacture of carburetted water gas, except
that oil instead of solid fuel is used to heat the ap-
paratus. In Pintsch and Blau gases the heating vaiue
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ranges from 1,350 to 1,500 B.t.u., and the candle power
from 50 to 60 candles. The California oil gas has an
average heating value of 680 B.t.u. and illuminating
value of 20 candles. It is made from crude oil obtained-
in the fields close to the point of manufacture, so that
a low price prevails. Gas coal is not found in the
coast states, and oil gas is of necessity the prevailing
kind. A large quantity of lamp black is produced in
the manufacture of California oil gas, which is made
into briquets, constituting a valuable by-product.

Natural Gas, as the name implies, is produced direct-
ly from the earth by means of wells drilled to the
subterranean cavities where it exists. It is usually
found in the same localities as petroleum. The greatest
producing gas fields in the United States are in Penn-
sylvania, West Virginia, Ohio, Kansas, Oklahoma,
Louisiana and Texas, although natural gas is found in
varving quantities in nearly every state in the Union.
The chemical composition and characteristics of natural
gas more nearly resemble coal gas than either of the
others, hoth being high in methane (marsh) gas. The
gas comes from the earth under a varying pressure, de-
pending upon the rock pressure exerted, which de-
creases gradually if the well is under constant flow,
until it becomes necessary to install compressors to
force the gas through the pipe lines to the consumers.
Some wells will show a great production of gas for a
short while and then cease flowing entirely, proving
that a pocket has been tapped and exhausted. Natural
gas is piped from the field to cities 3everal hundred
miles away, and sold in competition with artificial gas
produced in the city.

Properties of Gases

. Illuminating gases are produced and marketed for
the purpose of supplying the public with an efficient
source of light and heat at a reasonable price, as com-
pared with other fuels and light-producing substances.
Therefore, the most important considerations in gases
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are their heating and illuminating values. The stand-
ard unit of heat in the United States is the British
thermal unit (B.t.u.), which is equivalent to the heat
necessary to raise one pound of pure water through one
degree. It is customary to express the heating value
of gases in B.t.u. per cubic foot, while solid substances
are expressed in B.t.u. per pound. When we say, ‘“The
heating value of coal gas is 550 B.t.u.,” it means that
each cubic foot of the gas contains heat energy capable
of raising the temperature of 550 pounds of water
through one degree F.

The illuminating value of a gas is expressed in candle
power (c.p.) A standard candle power is the illumina-
tion of a spermacetti candle of six to the pound burning
at the rate of two grains per minute. The candle power
of a gas is its equivalent illuminating value, as com-
pared to that of a standard candle, when burned in a
standard burner at the rate of five cubic feet per hour.
The statement, “This is a 16-candlepower gas,” means
that the illuminating value of the gas in question,
when burned at the rate of five cubic feet per hour in
a standard burner, is equivalent to the illuminating
value of 16 standard sperm candles of 6 to the pound,
each burning at the rate of two grains per minute.

CHEMICAL PROPERTIES

A chemical analysis of the four kinds of illuminating
gases under consideration will show that they are com-
posed of practically the same constituents, but in dif-
ferent proportions. Upon these constituents, and the
proportion in which they are contained, depend the
heating and illuminating value of the gas. Some of the
constituents have no heating or illuminating values,
and are therefore undesirable, yet it is not economical
or practical to eliminate them entirely; others have a
heating value but no illuminating value, while the most
desirable have both a high heating and a high illuminat-
ing value. It is possible to manufacture an oil gas of
three times the heating and illuminating value of coal
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gas, due to the large proportion of desirable constitu-
ents, but the cost of such a gas is prohibitive for ordin-
ary commercial use. It can therefore be stated, in a
general way, that the cost of gas varies in proportion
to its heating and illuminating value.

The following shew average composition of the vari-
ous gases:

Coal Gas. (Trustees Gas Ed. Fund)

‘Carbon Dioxide (CO,) ........coovvvvnnn. 1.60%
Oxygen (0.) .....oiviiiiiiiiiniinnn... 0.39%
Heavy Hydro-Carbons (C,H).............. 4.26%
Carbon Monoxide (CO) ................... 8.04%
Hydrogen (H,) ........ ... ... .. ... ..... 47.04%
Methane (CH)) .......... ... ... .. ... ... 36.029,
Benzine Vapor (C.H)) .................... 0.50%
Nitrogen (N.) ...... .. 2,169,
Carburetted Water Gas. (Trustees)
Carbon Dioxide ........... ... ..o, 2.709
OXF O & ittt it e e 0.70%
Heavy Hydro-Carbons ......... PR 12.809%
Carbon Monoxide ............. ... ... ...... 30.709,
Hydrogen . ......... .. .. . . . i 32.40%
Methane . ........ ... ... ... ... . ... 13.90%,
Higher Paraflins .......................... 2.40%
Benzine Vapor ........... ... ... ... ... ... 0.60%
Nitrogen . ... i i e, 3.80%
California Oil Gas. (Jones)
Carbon Dioxide ................... ... ..., 2.62%
Carbon Monoxide ......................... 9.219,
OXYZOI v v i vteteee et itie e naennns 0.169,
Hydrogen . ...t 39.78%
Methane . ............. .. .. 34.649,
Nitrogen . ................ oo il 6.68%

Higher Paraffins .......................... 7019,
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. 0il Gaé, Pure. (Trustees)
Hydrogen . ........ ..., 12.44%

Unsaturated Hydro-Carbons ............... 85.669,
Saturated Hydro-Carbons (Ethane, Methane). 45.37% °
Carbon Dioxide .............coiiiinen.., 0.749,
OXYZeN & . iiiiiiitiainienncnacccnannannas 2.00%
Nitrogen . .........iiiiiiinininiennnennn, 3.209,
Carbon Monoxide ......................... 0.60%
Natural Gas. (Westcott)
Hydrogen . ...........coiiiiiii e, 3.00%
Methane . ..........ciiiiiiiiiiiinnnnan.. 92.009,
Ethane (Olefiant Gas C,H,)................ 3.00%
Nitrogen . .......... . i, 2.00%,

The natural gas composition varies considerably with
different fields. The above is a Pittsburgh gas.

A brief description of the various constituents
follows: :

Hydrogen (H,).—Hydrogen is a colorless, odorless,
non-poisonous gas, and the lightest substance known.
It is very combustible, burning with a pale-blue flame.
It has no illuminating value. Its heating value is
324 B.t.u.

Olefiant Gas (Ethane, C, H,).—This is a gas possess-
ing great illuminating value, and is the principal il-
luminating constituent of coal and water gas. It
possesses the very high heating value of 1,578 B.t.u. It
is colorless, odorless and burns with a very luminous,
smoky flame.

Methane (Marsh Gas, CH,).—Methane is a colorless,
odorless gas, and derives its name, Marsh Gas, from the
fact that it is frequently produced by the decay of
plants in swamps and the bottom of rivers. It is the
principal constituent of natural gas and one of the
principal ones of coal gas. It has a heating value of
1,008 B.t.u. and burns with a pale-yellow flame.

Carbon Monoxide (CO).—Carbon monoxide is an
odorless, colorless and very poisonous gas, insoluble in
water. It is one of the principal constituents of car-



66 AMERICAN GAS WORKS PRACTICE

buretted water gas, being produced by the decomposi-
tion of steam in the presence of incandescent carbon.
It purns with a distinctive pale-blue flame. Its heating
value is about the same as hydrogen, being 322 B.t.u.
"It has no illuminating value.

Carbon Dioxide (CO,).—Carbon dioxide, or carbonic
acid, is a colorless, odorless gas, soluble in water. It
is non-combustible and will not support combustion.
1t is, therefore, valueless in gas for heating or illumin-
ation.

Oxygen (0,).—Oxygen is a tasteless, odorless, color-
less gas. It composes about one-fifth of the volume of
the atmosphere. It is the support of combustion and
all animal life. It is not of value in an illuminating
gas.

Nitrogen (N,).—Nitrogen is a colorless, odorless gas,
which is non-combustible and will not support com-
bustion. It composes practically four-fifths of the
atmosphere. Its principal value is as a dilutent, as
were it to be suddenly removed from the atmosphere
there would be no control over combustion, while all
animal life would quickly cease from the effects of
breathing pure oxygen. It has no value in an illuminat-
ing gas.

Hydrogen-Carbons.—There exist about 200 hydro-
carbons, which, as the name implies, are compounds
consisting of hydrogen and carbon. These compounds
exist in gaseous, vaporous and solid states. They are,
in the gaseous state, the principal illuminating con-
stituents of any illuminating gas.

Reasons Influencing the Selection of Process

Gas is a commodity, and as such is produced and de-
livered to the consumer by gas companies. The gas
company expects, and is warranted in receiving, a fair
return from the money invested in its plant and dis-
tribution equipment. The more gas a company can sell,
the cheaper it can be produced and distributed and,
therefore, sold. Conversely, the lower the selling price
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the greater the sales. A great number of cost elements
enter into the production and distribution of gas, from
the time the raw gas-making materials are unloaded
from the cars until the gas passes the consumer’s
meter. Collectively, these elements may be grouped
into four general heads: Cost of production, cost of
distribution, cost of customer, and cost of general oper-
ation. For artificial gases, of the cost elements the
the former is usually very nearly equal to the other
three combined, therefore being of greater importance,
as upon it must depend to a large extent the profits
made from the sale of gas.

The principal item of production cost is the raw gas
making materials, which is largely due to transporta-
tion charges thereon.

The price at which gas can be sold therefore depends
principally upon the cost of production, which in turn
is dependable upon the cost of gas making materials,
and that upon transportation charges. Transportation
charges are usually directly proportional to the dis-
tance transported, but not always so.

Coal Gas.—All coals are not suitable for gas making
purposes. A coal to be a good gas coal must be a
coking coal, high in fixed carbon and volatile matter,
and low in ash and sulphur content.

An analysis of a good gas coal should show:

Gas-Coal Analysis

Fixed carbon ............... ... ... ...l 60%
Volatile matter ...................... .. .. ... 35%
Ash ... Less than 5%
Sulphur ...... ...l Less than 1%

As considerable profit is obtained through the sale
of gas coke as a by-product of coal gas manufacture,
the coking qualities and carbon content are very im-
portant.

Upon the volatile matter contained depends the
amount of gas and tar obtained.

Ash being valueless is an undesirable constituent
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which adds weight to the coal and afterward the
coke.

Sulphur is also an undesirable constituent which
must be removed from the gas before distribution.

Where gas coal is mined at a distance sufficiently
close to a gas plant that transportation charges are
not prohibitive, coal gas may be manufactured at a cost
below that of carburetted water gas or ol gas. This
is a'majority condition.

As gas coal is not found in close enough proximity
to all gas plants it is not so profitable to manufacture it
in all cities, however.

Carburetted Water Gas.—It is usually advantageous
to manufacture some water gas in all plants for en-
riching coal gas and to compensate varying sendouts.
It has many advantages as an emergency gas, such as
simpleness of operation, small labor requirements,
rapidity of putting into operation and amount of gas
that can be made. It cannot economically be manu-
factured exclusively, unless the plant is located close
enough to the source of the gas oil used, that transpor-
tation cost will not be too great or is so far away
from a gas coal supply that its cost is prohibitive. Gas
oil, itself, is subject to fluctuating prices, while trans-
portation is always high, the rate charged being due
to the inflammability of the oil.

In some cities illuminating quality requirements are
so high that the manufacture of water gas is almost
compulsory.

Oil Gas.—Pintsch and Blau gases are the two prin-
cipal pure oil gases manufactured, both being subjected
to a high pressure, in order that large quantities may
be stored in tanks for transportation to the place of
consumption.

Pintsch gas is principally used for lighting railway
coaches, while Blau gas is used in isolated buildings,
such as farm houses, etc.,, where the distance is too
great to be supplied from city mains.

The gas manufactured cn the Pacific Coast is the
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most important of the oil gases. It is used exclusively
in California and to a large extent in Oregon and
Washington. Close proximity to the source of oil pro-
duction, the use of crude oil and scarcity of gas coal
influence its manufacture in these states.

Natural Gas.—The principal cost, where natural gas
is supplied, is in its transportation from the well to
the consumer. Production operating expense is almost
negligible so that this gas is often carried distances
of several hundred miles. The equivalent production
and plant costs of artificial gas can, in the case of
natural gas, be used in installing and operating pipe
lines, so that cities in close proximity to gas fields can
be supplied at a lower rate than competing artificial
gas. The reasons influencing adoption of natural gas
would he strictly a matter of the distance of a city
from an adequate natural gas supply.

The effect of changing from one kind of gas to
another of greatly varying heating value isx analogous
to changing the pressure of a gas, and must be ac-
companied with a readjustment of the gas consuming
appliance. The reason is apparent through the fact
that with gas of high heating value a smaller quantity
is required to accomplish a given purpose. For this
reason a gas company, even where there are no munici-
pal regulations, strives to maintain a constant heating
value and therefore keeps its appliances in good ad-
justment.

Impurities, Effect Upon Distribution and Use

Crude gas contains a number of impurities which
must be eliminated, or practically so, before the gas
is fit for utilization by the consumer.

In the production of illuminating gas the theoretical
object is to put the gas into the distribution mains in
such form that no impurities or troublesome substances
will exist. From a practical standpoint this is not
possible, the object aimed at and usually attained being
to limit the quantity of impurities contained in the
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of the gas decreases. The last traces of tar are usually
removed from the gas by some form of mechanical ex-
tractor.

Tar would cause very serious trouble if allowed to
remain in the finished gas until it reached the distribu-
tion system, by stopping the main and service pipes.
These stoppages would prove very obstinate to clear
gnd would necessitate either putting in new pipes or
heating the tar until it could be removed. They would
occur to the greatest extent comparatively close to
the plant, as the gradual reduction of temperature in
the moving gas would eventually condense the tar all
into liquid form, and if continued long enough, prove
a complete obstruction to the passage of gas.

Ammonia (NH,).—Ammonia is a colorless gas, with
a very pungent odor. It is alkaline and has a de-
stroying effect upon brass and even wrought iron. It
is a valuable by-product of coal gas, but is not contained
to any extent in carburetted water gas or oil gas.
It is evolved in the production of coal gas through the
union of nitrogen and hydrogen contained in the coal
and is present in the first stages of production in the
form of gas, being abhsorbed as the water vapor con-
tained in the crude gas is condensed, in proportion to
the quantity of water vapor and its temperature.

It is usually possible to remove all but a trace of
ammonia from the finished gas through its great degree
of solubility in water. If present in the finished gas to
any great extent it attacks and corrodes brass gas
fixtures, lamps and meter parts, and in large quan-
tities would even destroy the wrought iron pipes used
in conveying the gas.

Carbon Dioxide (CO,).—This gas, which was here-
tofore described, is usually present in small propor-
tions in the finished gas. Its chief effect is to act
as a dilutent with a lowering of heating and illuminat-
ing values. If present in large quantities it might
prove a hazard by extinguishing burning gas. It may
be classed as an impurity in the same sense as nitrogen,
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which is also usually present in an illuminating gas in
small quantities. No attempt is made in this country
for its removal except that which is removed indirectly
in other purification processes. The maintenance of
a heating and illuminating standard by practically all
companies eliminates the chance of its proving 'a detri-
ment to the consumer.

Sulphur Compounds.—Sulphur compounds are present
in crude gas in proportion to the amount contained in
the coal, oil or coke from which the gas is made. The
most important of the sulphur compounds is sul-
phuretted hydrogen (H,S), which composes the greater
portion of the total sulphur contained. This is a very
obnoxious substance, easily proven by breaking a de-
cayed egg, of which it is a noticeable constituent.

The distribution department should seldom encounter
trouble from this source, as it would first be noted at
the plant, where test lights are, or should be, main-
tained and frequent tests made for H,S. Excessive
quantities of sulphur in the finished gas would be noted
first by the offensive odor given off by the burning gas;
this usually brings in a large number of leak com-
plaints from the consumers. It would also cause
trouble by coating the gas mantles, stopping up pilots
and burner nozzles and finally, if continued, contribute
toward stopping the pipes themselves.

Water Vapor.—Water vapor is present in any gas
which comes in contact with water during any stage of
its manufacture, to the point of saturation at its ex-
isting temperature.

A full discussion of this subject, which in distribu-
tion is known as condensation, will appear later.

Naphthalene.—While classed as an impurity this is
a valuable illuminant if conditions are favorable to its
remaining in the form of a vapor until combustion of
the gas occurs, but as there are certain seasons of the
year when this cannot be done, precautions must be
taken to prevent its becoming the most common source
of trouble in the distribution department. In the early
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days of gas manufacture, and in fact.until recent years,
naphthalene was considered as a worthless substance
and the bane of the gas man’s life, the thing which
caused him more worries than any other part of his
daily work. Many were the schemes tried out for
its elimination, which appear ludicrous now, but not
much success was had until the modern gas man took

! 'l [ '

Fig. 52. A Typical Gas Analysis Outfit

to paying attention to the temperature of tar extrac-
tion, since which time naphthalene has ceased to be a
“bugbear,” and in some plants is a curiosity, any-
where but in the tar well, where it has become recog-
nized as a valuable coal tar product, especially since
the outbreak of the European war opened up great
possibilities in this field.
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Naphthalene is a hydrocarbon produced, in the manu-
facture of gas, by high temperatures during genera-
tion. It is more often produced in coal gas manufac-
ture, although it is not impossible to produce it in
water and oil gas generation. As its production is
due to high temperatures, which are favorable to a
large yield of gas, it is apparent that the two must
bear relation to each other. If high yields are ob-
tained naphthalene will be produced. Naphthalene is
a source of trouble over which the distribution depart-
ment has no control. This department may remove
the evil, but if the root is not killed, which is located
at the gas plant, repetition will certainly occur. The
plant superintendent wants to make .all the gas he
can out of the materials given him. In doing so he
makes naphthalene which must be removed at the
plant or serious trouble is inevitable in the distribu-
tion department. In the present day and age there
is no excuse whatever for serious naphthalene stop-
pages in the mains and services, unless the result of
an accident at the plant.

The physical property of naphthalene changes with
temperature from a vapor at higher temperatures to a
liquid or solid at lower ones. The form most com-
monly encountered by the fitter is the flake naphtha-
lene, which resembles pieces of mica; these crystals,
when deposited in a pipe or fitting, adhere to each
other, forming annular deposits until the pipe is com-
pletely stopped. The deposits usually occur at places
where the pipe changes direction, such as ells and tees,
or at some point where a resistance to the flow of gas
causes an eddy or swirl. Pipes and fittings subjected
to extremes of temperature afford a particular hazard
for this trouble.

Tar absorbs naphthalene very readily at low tem-
peratures. It is therefore the principal medium used
in its removal at the gas plant, but as there are other
valuable hydrocarbons in the gas, absorbable by tar
at low temperatures, which it is necessary to retain for
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their illuminating and. heating values, great care and
attention must be given tar extraction so that the
maximum amount of naphthalene is removed and the
minimum of illuminants. The best temperature for
this purpose has been found to be between 90 deg.
and 100 deg. Fahr. In summer it is often hard to hold
temperatures to this point, but as the temperature of
the gas at the burner seldom goes below 60 deg. Fahr.
any naphthalene in the gas remains as a vapor and is
consumed, being beneficial instead of detrimental. In
winter the temperatures of tar extraction can be more
easily controlled, so that no trouble should be expe-
rienced. It is in the fall when the troubles occur, if
any are ever experienced, when the temperature of
the ground has become lowered with a consequent
lowering of gas temperatures, while the days are still
hot, causing some naphthalene to get by the plant.

Naphthalene is soluble in other hydrocarbons, such
as gasoline, Pintsch hydrocarbon, naphtha, benzine,
etc., so that deposits are easily removable when located.
A form of washer is often used at the plants, using a
solvent, as a precaution against possible ineffectiveness
of tar absorption. It is possible to change the form
from solid to oil or vapor by an increase of tempera-
ture, using steam or hot water as the heating medium.
Care must be exercised, however, where the gas has a
great velocity, or the steam is under high pressure,
that the location of a stoppage is not merely changed,
with a result more serious than at first.

Provisions should always be made in a distributing
system for handling naphthalene troubles by providing
tees or openings in accessible places.

Air.—This is one of the most improbable sources of
trouble for the distribution department, whereas it is
perhaps the most important of all the impurities en-
countered by the fitter, due to the life and property
hazard always accompanying noticeable quantities of
air in illuminating gases.

Where air is mixed with gases to such an extent that
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their illuminating and. heating values, great care and
attention must be given tar extraction so that the
maximum amount of naphthalene is removed and the
minimum of illuminants. The best temperature for
this purpose has been found to be between 90 deg.
and 100 deg. Fahr. In summer it is often hard to hold
temperatures to this point, but as the temperature of
the gas at the burner seldom goes below 60 deg. Fahr.
any naphthalene in the gas remains as a vapor and is
consumed, being beneficial instead of detrimental. In
winter the temperatures of tar extraction can be more
easily controlled, so that no trouble should be expe-
rienced. It is in the fall when the troubles occur, if
any are ever experienced, when the temperature of
the ground has become lowered with a consequent
lowering of gas temperatures, while the days are still
hot, causing some naphthalene to get by the plant.

Naphthalene is soluble in other hydrocarbons, such
as gasoline, Pintsch hydrocarbon, naphtha, benzine,
etc., so that deposits are easily removahble when located.
A form of washer is often used at the plants, using a
solvent, as a precaution against possible ineffectiveness
of tar absorption. It is possible to change the form
from solid to oil or vapor by an increase of tempera-
ture, using steam or hot water as the heating medium.
Care must be exercised, however, where the gas has a
great velocity, or the steam is under high pressure,
that the location of a stoppage is not merely changed,
with a result more serious than at first.

Provisions should always be made in a distributing
system for handling naphthalene troubles by providing
tees or openings in accessible places.

Air.—This is one of the most improbable sources of
trouble for the distribution department, whereas it is
perhaps the most important of all the impurities en-
countered by the fitter, due to the life and property
hazard always accompanying noticeable quantities of
air in illuminating gases.

Where air is mixed with gases to such an extent that
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The Bureau of Standards of the United States Gov-
ernment, in its circular No. 32 on Regulations for
Manufactured Gas, sums up the situation on gas qual-
ity in a very pointed manner, saying: “From the stand-
point of the customer it is immaterial what the chem-
ical composition of the gas is, so long as it contains
no injurious constituents and possesses the specified
heating value and candlepower.” Much more might be
written on this subject and less said than is contained
in the above paragraph, which plainly means that “all
is well so long as the customer is satisfied.” Satisfied

- 5g¢ Oxide -1,
2¢. Sawdust L Call,
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Fig. 54. Testing the Efficiency of Purifier Oxide

customers mean no complaints, which is synonymous
of efficient operation and management. As it is the
aim of all gas companies to give good service, without
which they cannot progress, the benefit of enforced
regulation is problematical.

Disregarding the apparent benefit to the gas com-
panies in distributing gas to their customers as free
from impurities as possible, many States and munici-
palities do regulate by ordinance or law the amount
of certain impurities allowed per unit quantity of gas.
The only impurities, however, which receive much con-
sideration are sulphur compounds and ammonia. Those
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such as carbon dioxide, nitrogen and oxygen, while
undesirable constituents, in their capacity as dilutents
have effect upon the heating value and candlepower.

From the standpoint of the gas companies, who meas-
ure their degree of service rendered the customer by
the number of complaints received, one impurity or
cause of complaint is of equal importance with another,
and were there no State or municipal regulations the

T

Fig. 55. Testing for Sulphur Compounds in Gas

quality of illuminating gases would not be materially
changed. The gas companies could not afford to do
otherwise than maintain a standard in keeping with
the aforequoted paragraph from the Bureau of Stan-
dard’s circular. The large companies do not maintain
their expensive laboratories and corps of chemists and
engineers so much through fear of penalties from the
infringement of regulations as they do through fear
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of their customers, whose penalty for infringement of
their right—good service—is decreased revenue.

In most of the State and municipal regulations a
fixed amount of total sulphur and ammonia is specified
in the finished gas. These amounts are from 20 to-30
grains sulphur and 5 to 10 grains ammonia per hun-
dred cubic feet of gas. The gas companies have a
reason, aside from a trouble standpoint, for removing
the maximum amount of ammonia from the gas, as
it is a valuable by-product and easily recovered from
the crude gas. The process of purification for the
removal of sulphuretted hydrogen is also a simple one,
so that it is not necessary for more than a trace of
that objectionable substance leaving the plant. The
other sulphur compounds, however, are not so readily
removed and the limit of 30 grains is specified to
prevent the use of cheap coals high in sulphur.

The rules of practice of some of the State commis-
sions require as follows:

Total Sulphur Sulphuretted Ammonia

Grains per Hydrogen Grains per

Hundred (Grains per 100 Hundred

State Cubic Feet Cubic Feet Cubic Feet

ashington ....... race

Wash 30 T 5
Connecticut ...... 30 “ 5
Montana .......... 30 “ —

- QOregon ........... 25 “ 5
Pennsylvania ..... 30 — —
Missouri ......... 30 —_ 5
Illinois ........... 30 1 —
New Jersey ...... 30 Trace —
Wisconsin ........ 30 “ —
Arizona .......... 30 “ —_

PHYSICAL PROPERTIES

The heating or calorific value is at the present time
the most important requisite of a commercial gas. In
the beginning of the gas industry, and up to the advent
of the mantle lamp, the heating value of a gas was
almost a negligible factor, the value being appraised
by its illuminating power.
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When Murdoch produced the first artificial gas and
succeeded in lighting his house in London with it in
1792, his only thought was of producing a substitute
for the crude illuminating means then known, the tal-
low dip and oil lamp. He succeeded so well that in
1812 the first gas company was chartered in the city of
London, followed four years later by the first in this
country at Baltimore.

Value of Heating and Illuminating Properties

The name “illuminating gas,” which is still used in
designating the common commercial product, is descrip-
tive of the use for which gas was originally intended.
For a great many years after the first produc-
tion and commercializing of illuminating gas it was
used for no other purpose than that for which it
was produced. From an economy standpoint it was
out of the question to consider it as a fuel. Manufac-
turing methods were crude and expensive, necessitat-
ing a high price for the gas, while wood, then the pre-
vailing fuel, was plentiful and cheap. In due course of
time, however, the cooking range appeared, but it was
a luxury to be enjoved only by the few for a great
many years. Finally the electric light, through the
efforts of Thomas A. Edison, came forth and by leaps
and bounds threw the gas men upon their resources to
meet the competition and continue in business. That
they were equal to the situation, and have remained so
to the present time, is very evident.

When the electric light became a commercial reality,
instead of a laboratory possibility, it was freely pre-
dicted that the death knell of gas had been sounded.
But the prophets of those days knew not the possibil-
ities of this elastic fuel, nor the mettle of the men
engaged in its production.

The flat flame burner, which was the only one known
to the old-time gas man, did not compare very favor-
ably with the incandescent electric lamp. But it, too,
was crude as compared with the present day tungsten
and nitrogen lamps, so that the flat flames were not
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completely eliminated, and, in fact, they are not to this
day. The gas men, however, were wise enough to read
the “handwriting on the wall” and see the possibilities
of their competitor, so they cast about to find means
of improving their product and its ways of utilization.
Fuels had become more expensive while gas manufac-
turing methods had so improved that it had become
possible to lower the price to such an extent that fuel
gas was rapidly emerging from the luxury stage to the
_practical. Further manufacturing economies were
therefore sought and practiced, and fuel gas campaigns
inaugurated, with the result that the gas companies
continued to thrive and increase at a healthy rate.
Then came the incandescent gas lamp, which was the
gas man’s salvation in the illuminating line.

We come now to the present time with all the mod-
ern uses which have made gas indispensable. Who
can say, with the newer methods of production and
utilization continually sought, but that it shall always
remain indispensable—the peer of all fuels and a very
efficient illuminant.

The flat flame burner has become practically obso-
lete, and with it the necessity for a high candlepower
standard. The incandescent lamp consumes gas in
the same manner as a range or water heater burner,
being what is known as a Bunsen or atmospheric
burner.

In an atmospheric burner a certain proportion of air
is drawn in and mixed with the gas before combustion,
which produces a blue, non-luminous flame. Such a
flame contains none of the carbon particles, the raising
of which to incandescence furnishes the greater part
of the light produced by a luminous flame and is sup-
posed to be due to the activity of the oxygen in the air
mixed with the gas before combustion in burning up
the hydrocarbons before they can be decomposed.
Such a’burner will not smoke or deposit soot upon the
mantle of an incandescent lamp or a cooking vessel, as
would happen if a luminous burner were used, while
combustion is more liable to be complete. However,
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capable of producing heat are expressed are: The small
calorie, the large calorie, and the British thermal unit.
The calorie is the quantity of heat required to raise
the temperature of one gram of water 1 deg. C. The
large calorie is the quantity of heat required to raise
the temperature of one kilogram of water 1 deg. C., and
the British thermal unit (B.t.u.) is the quantity of heat
required to raise the temperature of one pound of
water 1 deg. F.

For converting quantities of heat expressed in terms
of any of the above defined units to another the follow-
ing conversion factors may be used:

One great calorie equals 1,000 small calories.

One B.t.u. equals 0.252 calories.

The calorie and great calorie are used as the units
of heat in conjunction with the metric system of
weights and measures and in countries where this sys-
tem is used, while the British thermal unit is used as
the standard in this country and England, and will be
used as the unit of heat measurement throughout this
work. The kilogram-centigrade calorie is the unit gen-
erally meant when the term calorie is used.

Gross and Net Heating Values

In the case of hydrogen and substances containing
hydrogen as a constituent a distinction must be shown
between gross or total heating value and net or avail-
able heating value. The complete combustion of such
substances produces water (H,0), which, while it is
a liquid at ordinary atmospheric temperatures, is a
vapor at the temperature at which it escapes as a
product of combustion. It requires 966 B.t.u. to con-
vert a pound of water from a liquid to a vapor at its
boiling point (212 deg. F.). Since each pound of
hydrogen burns to nine pounds of water there will be
a difference of 9 times 966 or 8,694, plus the number
of heat units given up by nine pounds of water in
cooling from a vapor to the observed temperature for
each pound of hydrogen contained in the combustible
gas. If the temperature of the products of combustion
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is reduced to 60 deg. F. the heat given up by the
water in cooling will be (212 — 60) times 9, or 1,368
heat units, and the gross heat value of one pound of
hydrogen will be 8,694 plus 1,368 or 10,062 heat units.
Knowing the percentage of hydrogen contained in any
substance, the net heating value may be obtained by
making the proper deduction from the gross.

As explained by the Bureau of Standards, the total
heating value of a gas expressed in the English system
of units is the number of B.t.u. produced by the com-
bustion at constant pressure of the amount of gas
which would occupy a volume of 1 cu. ft. at a tempera-
ture of 60 deg. F. if saturated with water vapor, and
under a pressure equivalent to 30 in. of mercury at
82 deg. F., and under standard gravity with air of the
same temperature and pressure as the gas when the
products of combustion are cooled to the initial tem-
perature of the gas and air and when the water formed
by the combustion is condensed to the liquid state.

The net heating value of a gas when expressed in
the Engilsh system of units is the number of B.t.u.
produced by the combustion at constant pressure of
the amount of gas which would occupy a volume of
1 cu. ft. at 60 deg. F. if saturated with water vapor
and under a pressure equivalent to 30 in. of mercury
at 32 deg. F. and under standard gravity, with air of
the same temperature and pressure as the gas, when
the products of combustion are cooled to the initial
temperature of the gas and air and the water formed
in combustion remains in the form of vapor.

According to the above definitions the net heating
value is less than the gross or total heating value by
an amount of heat equal to the latent heat of evapora--
tion at the initial temperature of the gas and air of the
‘water formed by the combustion of the gas.

It is customary in all ordinary work to express quan-
‘tities of heat in terms of gross value unless otherwise
stated.
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Calorimetry or Heating Value Tests

There are two ways of finding the heating value of
a gas—by the use of an instrument called a calorimeter
and by analysis and calculation. By the former method
a given quantity of gas is consumed in the calorimeter,
imparting its heat to a known quantity of water and
denoting by the rise in temperature of the water the
quantity of heat imparted to it. In the latter method
the chemical composition of the gas is found by analy-
sis, the heating value is then calculated by multiply-

Fig. 56. Arrangement of Gas Calorimeter Cabinet

ing the known heating value per cubic foot of the
various constituents by the volume of such constituent
contained in a cubic foot of the gas, the sum of these
multiplications being the required heating value per
cubic foot of the gas.

It is customary in modern practice to take several
heating value tests per day, usually at four to six
hour intervals. The heating value of illuminating
gases has attained such importance that the calorim-
eter is considered indispensable in the great majority






GASES AND THEIR PROPERTIES 89

heat is required to produce a certain change of state,
as in the boiling of water, cooking of food, heating or
melting of metals, heating the rare earths contained in
mantles, heating of air for warmth, etc. This trans-
mission of heat must be accompanied with a rise in
temperature of the body receiving the heat, the corre-
sponding rise in temperature, however, being not the
same for all substances in proportion to the amount
of heat given out by the heating medium. Every sub-
stance has a certain capacity for heat known as its
specific heat, which denotes the amount of heat ex-
pressed in heat units which is required to raise the
temperature of a unit weight of the substance one de-
gree. Since a heat unit is the amount of heat ex-
pressed in heat units which is required to raise the
temperature of unit weight of water one degree, the
specific heat is the ratio between the amount of heat
required to raise the temperature of a unit weight of
the substance one degree and the amount of heat re-
quired to raise the temperature of a unit weight of
water one degree.

More heat is required to raise the temperature of
unit weight of water a given amount than is needed to
raise by the same amount the temperature of unit
weight of any other substance except hydrogen: there-
fore with this exception the specific heat of all sub-
stances is less than one.

By the following table it is apparent that a unit quan-
of gas of a certain heating value will, if the total
amount of heat energy in the gas was transmitted to

Specific Heats of Common Substances

Water ........... 1.000 Steel ............ 0.1181
Hydrogen ........ 3409 Iron ............. 0.113

Alcohol .......... 0.602 Copper .......... 0.095

Ammonia ........ 0508 Zinc ............. 0.0935
Ice .............. 0504 Tin.............. 0.0562
Air .............. 0.2876 Mercury ......... 0.0333
Aluminum ....... 0218 Lead ............. 0.0315

Glass ......... ... 0.200
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equal weights of water and iron, raise the temperature
of the latter almost nine times as many degrees as the
former.

The amount of heat required to raise by one degree
the temperature of a body that is free to expand or is
kept under constant pressure is not the same as the
amount required to produce the same change in tem-
perature in the body if it is kept at constant volume.
Therefore, for every substance there are two values for
the specific heat, one for constant pressure and one for
constant volume. There is also what is called constant
heat by volume, which is the amount of heat expressed
in heat units required to raise by one degree the tem-
perature of unit volume of a substance. When the
* term ‘‘specific heat” is used without any qualifications
it refers to specific heat by weight at constant pressure.

Knowledge of the specific heats of different sub-
stances will often be useful to the gas company fitter
in deciding upon the quantity of gas required to ac-
complish a certain purpose. He will often be told the
purpose by the customer, which will be all the data
available with which to plan the sizes of pipes and
meter to install. As for instance, a customer may have
a 600 gal. water tank that he wishes to heat to a tem-
perature of 180 deg. F. in two hours. In this case the
inlet temperature of the water would first have to be
ascertained. We will assume it to be 60 deg. F., with
gas of 600 B.t.u. heating value, it will take 830 cu. ft.
to do the work or 415 cu. ft. per hour. Pipes and
meter can then be installed to handle this amount of
gas. In another instance a customer wants to heat
1,000 1bs. of steel in a tempering furnace from 60 deg.
F. to 1,000 deg. F., then (1,000 — 60) times 1,000 —
940,000 pound-degrees. The specific heat of steel is
0.1181, then, 940,000 times 0.1181 equals 111,014 B.t.u.
required, or 185 cu. ft. of 600 B.t.u gas.

In both of the above examples it was assumed that
all of the available heat energy of the gas was utilized,
but under actual conditions this is impossible as there
are heat losses to take into consideration under the
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law of nature which compels the transmission of heat
from a body of higher temperature to another of a
lower at a rate proportionate to the relative heat con-
ductivity of the bodies.

There are three ways by which heat is transmitted—
by conduction, by convection, and by radiation. All
three ways may be illustrated by the ordinary hot water
storage tank and heater. In this appliance the hot
water is first heated by the conduction of heat from the
flame against the coil to the water within. As the
water is heated it rises, due to its change of density or
weight, and the cold water takes its place, setting up
currents which distribute the heat in the tank as the
heating process is continued until the entire tank is
full of hot water. This is known as heating by convee- °
tion. As soon as the water is heated it starts conduct-
ing its heat to the colder pipes and tank and they, in
turn, radiate the heat to the colder air.

It should be noted in this, as in all things, that
nature is striving to preserve an equality, but in doing
so has provided a means whereby we can make use of
part of the energy by making different substances
conduct heat in varying degrees. Were this not a fact
it would, in the above case, be impossible to heat the
water as the heat would be conducted to the pipes and
radiated to the air as rapidly as produced. This
phenomena, however, will occur in time, as the tank
will become cold, or in other words, will attain the
temperature of the surrounding air, after the heating
process has been stopped for a period of time, even
though none of the hot water is drawn from the tank.

In figuring the amount of gas required to accomplish
a certain purpose heat losses must be taken into con-
sideration as it is a practical impossibility to make use
of the total heating value of a gas. Conditions of ef-
ficiency vary greatly in different gas consuming appli-
ances; for instance, an instantaneous water heater has
a much higher rate of efficiency than a gas engine, so
that a safe method to follow is to consider any gas-con-
suming appliance but 50 per cent efficient, thereby pro-
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perience of those who have made a fair trial of the
methods for works operating on a heating value standard
indicates that greater economies of operation can be ob-
tained as the details of the new methods are developed.
Another practical advantage ‘o the manufacturer is that
the losses of heating value /f the gas during distribu-
tion are much less proportionately than are the losses
of candlepower, and further, abnormal weather conditions
are less troublesome when control is on a heating value
basis. It seems certain, therefore, that even from the

Fig. 58. Demonstrating Progress in Unit Light Yield

first a great economy will result under heating value
standards as at present and that increased experience
will permit appreciable improvements over present con-
ditions.

“From the point of view of the usefulness of the gas
to the customer, there is no doubt that both the heating
and the lighting value of the gas should be maintained
above certain minimum values. However, some engineers
claim that a company should not be required to maintain
both candlepower and heating value of specified amounts,
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as they believe that under the present methods of man-
ufacture and with the present day appliances for gas
consumption it is only necessary to regulate one of these
qualities and allow the other to be what will correspond,
having regard only for economy of manufacture.

“At the present time the methods employed in gas
making are such that all coal and water gas made on a
heating value basis will also have a reasonable candle-
power; but gases of nearly normal heat value and very
low candlepower are available, and whenever it is found
practicable to supply these gases at a satisfactory price
the question arises as to how far we may disregard the
lighting value of the gas. There are those who say that
if gas can be made cheaper by this procedure it is proper
even at the present time to wholly disregard the open
flame candlepower of the gas. However, the bureau has
taken the attitude that there are still too many who are
utilizing gas in open flame burners to do this.

“There is some question as to how far the change from
open flame to mantle lights can be carried, as there are
places for which the open flame burner is better suited
than is the mantle light. These places are basements,
halls, storage and attic rooms where the light is little
used or where the burner is subject to such rough treat-
ment as to make a mantle impracticable. In combination
fixtures, where gas is used only in case of interruption
of the clectrie service, the extra investment in mantle
lights is not warranted, even if the mantle burner were
adapted for use on combination fixtures, which is usually
not the case.

A nonmunal candlepower gas will be sufficient for use in
auch places as those just mentioned, and without legal
candleponer regulation the gas made by the ordinary
processes of the present day will be satisfactory in quality
for emergene) use in fixtures, even if only heat value is
contmlled, sinee the lowest candlepower would scarcely be
lexn than 10 candles 1f the gas were of 600 B. t. u. or
Mpher  On the other hand it is uncertain what would be
e vt 1 f 4 gasmaker undertook to wash the gas with
MMt make coansiderable modifications in the retort
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or generator operation. We have not yet reached the
time when customers requiring open flame candlepower
in gas are neglible numerically; nor has it yet been
proved that the manufacture of a non-luminous gas is
most economical or desirable. We are therefore dis-
posed to recommend retaining a minimum candlepower
requirement as a secondary standard in addition to the
more important heating value standard. Such a minimum
candlepower value should be low enough so that the man-
ufacture of gas is not thereby complicated and its cost
is not increased. No penalty need be imposed for daily
deficiency in candlepower under these rules and possibly
a slight deficiency in a single monthly average might be
allowed without penalty if subsequent averages were
above the requirement.

“Whenever such methods of operation are devised that
the methane content of the gas can be largely increased,
we shall be confronted with this problem; and it is not
improbable that such process will be devised in the near
future. If the time comes when a nearly non-luminous
gas is clearly to the advantage of the public, the price
would probably have to be readjusted, and in that case
the candlepower requirement can be readjusted also.

“The use of a minimum candlepower requirement as
described above (say 12 to 15 candles measured in an
open flame burner), is not what we understand by a
double standard. The latter involves a candlepower re-
quirement as difficult to meet at the heating value re-
quirement, so that the company would find it necessary
to watch both calorimetric and photometric values daily.
This we do not recommend.

“Gas can be too rich in illuminants for the best service
in mantles, as well as too poor for satisfactory service in
open flames. Too high or too low a heating value will be
less economical than some intermediate value. A wisely
chosen mean, to be clearly specified and carefully main-
tained, is what is wanted; but this mean is not every-
where the same, and under special conditions it may be
desirable to depart rather widely from usual values.
Hence the state commissions should be authorized to fix
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the values required and i~ make exceptions for special
reasons.”

The bureau’s view of the relation of a candlepower
standard to the present usefulness of gas is very plainly
stated and leaves very little that could be added at the
present time. No doubt, as they mention, changes will
occur in time which will necessitate a readjustment of
both quality requirements and rates. There is not a
doubt but that open flame burners used as emergency or
special lighting units will be changed to mantles by the
discovery of a cheaper and more rugged mantle. In the
matter of combination lighting, no objection to the mantle
light should appear, unless it be one of cost, as gas burn-
ers and glassware can be made, and are being made, to
match the design of any electric lighting fixture.

Luminosity and Photometry

The principal causes of the luminosity or light-giving
properties of a flame are: Presence of solid particles,
density of the burning gases, and the temperature.

The solid particles are very finely divided carbon,
which are heated to incandescence by the temperature
of the flame before they meet with sufficient air for
their combustion. These carbon particles are produced
by the decomposition of the hydrocarbons in the gas
while in the center of the flame and out of contact with
the air but subject to the temperature of combustion
on the surface of the flame.

In general the more dense the gases undergoing com-
bustion the more luminous they are when heated to
high temperatures, and anything which tends to raise
the temperature of the flame increases the light given,
other things being equal.

Smoky flames are produced by the escape of un-
burned particles of carbon.

The intensity of illumination is the quantity of light
received on a unit of surface, which varies inversely as
the square of the distance from the source of light.

A photometer is an instrument for comparing the
intensity of one light with that of another assumed .as
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a standard. The principle applied is that the ratio of
the intensities of two lights equals the square of the
ratio of the distances at which they give equal illumina-
tions. As previously stated the standard in general use
is the sperm candle of a size running six to the pound
- and burning at the rate of 120 grains per hour. The
illuminating power of a gas is expressed by stating the
number of times a flame of the gas burning at the rate
of 5 cu. ft. per hour is greater than the flame of the
standard candle.

Effects of Temperature Upon Volume

According to Charles’ law, when a gas is heated it
expands or increases in volume; conversely, when it
cools it contracts, or decreases in volume. All gases,
when heated or cooled, expand or contract to the same
extent. Each volume of gas heated expands 1/492 part
of a volume at 32 degs. F. for each degree of tempera-
ture raised. In other words, one cubic foot of gas at
32 degs. F. becomes 1.00204 cubic feet at 33 degs. F.
It is customary, where approximate results only are
wanted, to assume an increase or decrease in volume
of 1 per cent for each 5 degs. F. raised or lowered. For
accurate work the following formula may be used for
correcting to standard conditions:

17.64 (H—A) V,

V=
(460 4+ T)
V=Corrected volume at 60 dezs. F., 30.inch pressure.
V,=Volume observed at temperature of T and a pres-
sure of I inches of merenry,
A= Tension of aqueous vapor at temperature of T.

Effects of Pressure Upon Volume

The effect of pressure on gases is to diminish their
volume. When the pressure is doubled the volume of
gas becomes one-half, conversely when the pressure is
reduced one-half the volume is doubled.

This law, known as Boyle’s law, may be stated as
follows: The volume of any gas varies inversely as
the absolute pressure.
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Effects of Temperature Upon Pressure

From the foregoing laws of Charles and Boyle it is
evident that the volume which any given weight of gas
occupies depends on both temperature and pressure.
If the pressure is reduced or the temperature is raised
the gas expands, and if the pressure is increased or
the temperature lowered the gas contracts. Therefore,
temperature and pressure bear relation to each other
in their effects upon gas volumes; hence, if a gas is
heated in a confined space, such as a closed gas pipe,
the pressure will be increased.

Effects of Temperature and Pressure Upon Quality

Since the heating value and candlepower of gas are
tested under a standard condition of 60 degs. F. .and
30-inch mercury pressure, it is evident that anything
which tends to displace these standard conditions
changes the heating and illuminating values per unit
volume of gas measured under the new conditions. For
instance, 1 cubic foot of gas of 600 B.t.u. heating value
at 60 degs. F. becomes approximately 1.06 cubic feet
at 90 degs. F., or at this temperature the heating value
per cubic foot is only 566 B.t.u.

Effects of Elevation Upon Volume and Pressure

The atmosphere has weight, therefore the atmospheric
pressure decreases proportionately as the distance from
the center of the earth increases. The atmospheric
pressure at sea level is 30 inches of mercury; it is
therefore evident that any elevation above sea level
must have an atmospheric pressure less than 30 inches.
If a cubic foot of unconfined gas, measured at sea level,
is taken to an elevation above it, the pressure of the
atmosphere acting upon it is decreased and the gas
expands in accordance with Boyle’s law; however, if a
cubic foot of gas under constant volume is taken to the
same elevation, a pressure gage at that point would
show that the pressure had increased from that shown
at the lower elevation.

As an illustration of the effect of elevation upon

9131853
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pressure, we will assume that a riser pipe runs from
the basement to the top floor of a building. If a gage
is attached to the bottom end of the pipe and another
at the top, and no gas is flowing in the pipe, a difference
in pressure will exist between the two gages equal to
the weight of a column of air 1 square inch in cross
section and as long as the distance between the two
gages, less a similar column of gas, of which the
specific gravity is known, divided by the weight of a
cubic inch of water.

The reason that this occurs is because a gage does
not register the actual or absolute pressure of the
gas in the pipe, which would be the pressure within
the pipe plus atmospheric or mean barometric pressure.
If the atmospheric pressure was the same at the ele-
vated position as at the lower, the pressure in the
pipe at the top would actually be less than at the
bottom, depending upon the specific gravity and con-
sequent weight of the volume of gas. As the spe-
cific gravity of illuminating gas is less than 1.—that
is, lighter than air—the weight of the column of gas
will be less than that of the column of air; consequent-
ly, the actual pressure of the gas will decrease less
than the actual pressure of the column of air, and the
difference between the actual pressure of the gas and
that of the air will increase with an increase in eleva-
tion. The lighter the gas—i. e, the lower its specific
gravity—the smaller will be the decrease in its abso-
lute pressure and the greater the increase in gage
pressure for any given increase in elevation.

The following table shows elevations necessary to
increase the gage pressure 1/10 inch and the increase
in gage pressure for each 10 feet of elevation, for gases
of different specific gravities:

Specific Elevation " Difi. pres.
gravity =1" pres. for 10/ elev.
0.300.......... 9.7 ft. 0.103 in.
0.400.......... 114 “ 0.088
0.500.......... 13.5 “ 0.074 “ -
0.600.......... 16.0 “ : 0.059 “
0.700.......... 22,7 “ 0.044 “
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The fitter should bear in mind that the heating and
illuminating value of gases are effected by elevation,
just as they are by temperature and pressure, provided
the gas is measured at the elevated position.

MEASUREMENT OF VOLUME

Gas is caused to flow in pipes by the differential
pressure existing between two points, corresponding
to the initial and terminal pressures. The initial pres-
sure is the pressure at any starting point of the gas
flow and the terminal pressure is the pressure at the
discharge end of the pipe, the differential or loss of
pressure is the difference between the initial and
terminal pressures.

Flow of Gases

The flow of gas in pipes is opposed and retarded by
friction with the walls of the pipe, so that a pressure
sufficient to overcome the combined friction and inertia
must be provided at the inlet end in order that the gas
will flow through it.

The volume of gas which will be discharged from the
end of a pipe depends upon: (1) the diameter of the
pipe, (2) its length, (3) the differential pressure, and
(4) the specific gravity of the gas.

All other things being equal, the discharge in cubic
feet per hour of one pipe is to that of another as the
square root of the fifth power of their diameters, in-
versely as the square of the lengths, as the square of
the differential pressures and inversely as the square
of the specific gravities of the gas. In accordance with
the above laws, the following formula is generally

used: o
V = 1350 \/w
SL

V=Volume in cubic feet per hour. D=Diameter of
pipe, in inches. P =Initlal pressure. P,=Terminal
pressure. L= Length of pipe, in yards. S=Specific
gravity of gas, air=1.

Gas-flow computers based upon the above formula are
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easily obtained and should be in the hands of every
fitter, making the task of working out any problem
involving the flow of gas a simple one.

Conductivity of Pipes

The conductivity of a pipe is its carrying capacity
in volumes of gas, which is variable under certain con-
ditions of pressure, length and gravity of the gas.

All fitters know that the elimination of “dead ends”
in gas pipes is favorable to the carrying capacity of
the pipe, but to just what extent and the cause should
be understood.

In the accompanying chart explanation is given of
results to be obtained under different conditions repre-
senting different methods of installing pipes. The first
illustration represents a pipe supplied from one end,
discharging from the other, as a service pipe. This
condition is represented as unity in all quantities. The
second illustration represents a pipe fed from both ends,
discharging from a point midway - between the ends.
‘Here a comparison with the first illustration shows that
such an installation, considering the specific gravity
of the gas to be the same, will pass 2.8 times the
amount of gas in a given time for the same length,
diameter and pressure drop, will pass the same amount
of gas for the same length and diameter with a pres-
sure drop of 1% as much, will pass the same amount of
gas with the same pressure drop and diameter with a
length eight times as great, or will pass the same
amount of gas for the same length and pressure drop
with a djameter .66 as great.

The third and fourth illustrations bear the same
relative value to each other as the first and second, but
have different values, as shown, when compared with
the first. Comparisons of any one with another are
easily made. Exactly the same values are obtained if
the pipe is fed from the center, discharging from both
ends.

Problems very often occur in house piping where a
knowledge of the above information proves of great
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value. In meter header installations, illustration No. 4
or its counterpart (fed from the middle, discharging
both ways) “should in all cases be used, even at the
expense of additional pipe over No. 3. In street main
work it is general practice to tie-in all dead ends pos-
sible, most companies allowing a considerable expense
to be used for that purpose.

The importance of pipe conductivity will be more
clearly seen later on, when the subject of pipes and
pipe fitting is thoroughly discussed.

The Measurement of Gas

Gas is measured at least twice in its journey from-
the source of production to the customer’s burner, for
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Fig. 60. Pipe Conductivity Chart

entirely separate reasons. It is first measured at the
plant by a station meter, which is for a double purpose:
that of giving the production department a check upon
their operation, and of giving the distribution depart-
ment a check upon lost and unaccounted for gas. It is
finally measured by the customer’s meter, for the pur-
pose of ascertaining the amount of gas for which the
customer is responsible to the company.

Other meters may be installed at intermedate points
between the station and customer’s meter, but their
purpose must in any case be either a check on opera-
tion or a check on gas for which some one is responsible
to the company.
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17.64 (H—A) V.
T 4604+ T)
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diaphragms have a certain known cubical capacity, and
the gas in passing through the meters causes a move-
ment of the mechanism by the filling and emptying of
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Fig. 61. Pitot Tube with Recording Chart

the measuring device, which is transmitted through a

train of gears of the proper ratio between the cubical
contents of the measuring device of the meter and
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some unit of one cubic foot, to a dial, where the gas
passed may be read off direct in cubic feet.

The Rotary meter is a volumetric measurer of gas.
Within its rated maximum (100 per cent) and its rated
minimum (10 per cent thereof) it accurately records
upon its dial the amount of gas passing through. There
are today more Rotary meters in service among artificial
gas companies than there are wet or drum meters. This
type of meter is in service measuring volumes of gas
of 700,000 cubic feet or more per hour.

In the flow meter class are included all meters which
depend upon the velocity or speed at which the gas is
moving as the principle under which they measure gas.
The most common function used in flow meters is that
of the amount of gas which will pass through an
orifice of a certain size at a given differential pressure.
These meters are commonly called orifice meters, and
are in general use where the gas to be measured is
under high pressure, as in natural gas work.

The Venturi meter, the proportional meter, the
Thomas electric-gas meter and the Pitot tube are in-
cluded in the flow meter class.

It will not be the purpose of this article to go deeply
into the subject of the various types of gas station
meters, as it is to be considered that the customer’s
meter is the one of greatest importance to the fitter.
As the meter in general use for measuring the gas used
by the customer is what is commonly called the dry
meter, that type will be fully covered in a succeeding
chapter.

PRESSURE AND OUTPUT

In its journey from the source of production, be it
the gas plant or gas well, to the burner where it is
consumed the gas is continually beset by a resisting
force called friction, which strives to bring it to a
state of rest. Every piece of apparatus, pipe, fitting,
meter and appliance exerts a certain portion of this
resistance to the flow of the gas, proportionate to the
cross section, conditions of the walls, length and ab-
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rupt angles of the passageway, and to the volume of
gas flowing. The specific gravity of the gas is also
an important factor, as the denser or heavier the gas
the greater will be the retarding influence of friction.

To offset this friction a force is exerted known as
pressure, which is analogous to the force applied to
water which causes it to flow when a valve is opened.
However, gas pressure is applied in an entirely different
manner, although producing the same result in the end.
Water pressure is due to the weight of water above
the level at which it is utilized, and is proportionate to
the height of the column of water above this point.
Thus a column of water 27 inches in height at sea level
exerts a pressure of 1 pound at the base of the column.
Gas pressure is obtained by compression, either through
the weight of the hell of a holder acting upon the gas
within or by means of pumps.

As explained before, the conductivity of pipes—i.e.,
the amount of gas which can be delivered through them
—depends upon various conditions, namely the size of
the pipe, its length, the specific gravity of the gas, and
the differential pressure. In a system of distributing
mains some means must be provided for taking care of
varying demands for gas by the customers, which have
effect upon the conductivity of the mains. As this de-
mand varies greatly within very short periods of time,
it is impossible to vary the amount of gas delivered
except by increasing or decreasing the pressure.

In a simple distribution system the object desired is
to maintain a constant pressure at the lowest pressure
point, of the minimum amount of pressure for efficient
utilization by the customer. This requires a varying
initial pressure, with the consequent varying differen-
tial, and varying pressures all along the line of mains
from the initial point to the terminal. In a more complex
system, where a number of low-pressure points require
attention, more elaborate means of supplying a mini-
mum efficient pressure to all points in proportion to
their possible varying demand are needed. These may
consist of district holders and pumping stations, sepa-
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city of the gas in passing through the orifice, and a
pressure of three inches should be the fixed terminal
pressure on present-day gas consuming appliances.

A study of the accompanying chart shows the ratios
between diameters and lengths of pipe and pressures
and volumes of gas discharged. In curve No. 1 it is
assumed that the differential pressure and diameter of
the pipe is constant, and may be of any value, it follows
that the amount of gas which will flow through the pipe
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Fig. 62. Effect of Pressure, Diameter and Length

will vary inversely as the square root of the length or
the length vary inversely as the square of the gas dis-
charged. It is only necessary to assume a value for
the length and volume to begin with, and any other
value of length or volume may be found by comparison.
It is seen by this curve that if 1,000 yards of pipe of
a certain diameter will discharge 1,000 cubic feet of gas
per hour, at a certain differential pressure, in order
to discharge 16,000 cubic feet per hour under the same
conditions the pipe could only be 4 yards long. Curve
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No. 2 shows pipe sizes required to discharge varying
quantities of gas when the length and differential pres-
sure is constant. Here the volyme discharged varies
as the square root of the fifth power of the diameter.
In curve No. 3 is shown the differential pressure re-
quired to discharge varying volumes of gas, when the
diameter and length of the pipe is constant, under the
rule that the pressure varies as the square of the vol-
ume, or the volume as the square root of the pressure.

Pressure Gages

Pressure gages are used for measuring the difference
between absolute and atmospheric pressures. The most
accurate and the common form used on low-pressure
gas is the “U” gage, consisting of a glass tube bent in
the form of a letter “U” and provided with a grad-
uated vertical scale. The zero of the scale is located
midway between the top and curve of the glass tube,
graduations being marked up and down from this point.
One end of the “U” tube is open to the atmosphere and
the other to the vessel or pipe containing the gas, the
glass tube being filled with water to the level of the
zero graduation. When the pressure on both sides is
equal--i. e., subject to the atmospheric pressure only—
it will register the differential pressure when the gas
pressure is turned on by forcing the water down the
leg of the gage attached to the gas pressure side and
up the leg open to the atmosphere, equal distances from
zero. The pressure (it is customary to omit the word
“differential,” as it is understood that the pressure so
shown is not actual) is therefore equal to the height
of the column of water which it can support, or the
distance between the water levels in the legs of the
gage.

As gas under one pound pressure will support a col-
umn of water 27 inches high, which means that a “U”
gage using water as the registering medium must be
be 27 inches long from the top side of the curve to the
top of the outside leg, it is evident that the use of a
water gage is prohibitive where even ordinary high
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pressure is used, due to the length and consequent
awkwardness of such a gage. A “U” gage containing
a liquid heavier than water—as mercury—may be used
where very accurate high pressures are to be recorded.
As mercury is about 13% times heavier than water, a
“U” gage containing mercury would only have to be
1/13.5 as long as one containing water. Due to the
weight and cost of mercury, except for scientific or
very accurate measurements some other form of gage
is generally used for high pressure measurements.

The ordinary spring gage is in common use for reg-
istering high pressures. In this gage a bent hollow
spring, one end of which is open to the gas pressure
and immovable and the other closed and free to move
as pressure is applied, is used. The principle of this
gage is based upon the tension of the bent hollow
spring and the pressure required to straighten it when
applied to the inside. The movable end is geared in
such a manner ‘as to impart a rotating movement to a
needle or pointer, which travels around a circular
graduated dial. The pressures which may be regist-
ered by spring gages are governed by the tension or
stiffness of the spring used, so that different gages
must be used for medium, high and very high pressures.
Spring gages are not as reliable or accurate as “U”
gages, being subject more or less to conditions effect-
ing these qualities, so that they should be tested against
some form of standard at frequent intervals.

Recording pressure gages may be used on gas under
any pressure. In principle they are similar to the
spring gage, except that instead of a hollow solid bent
spring, the registering mechanism consists of a flexible
accordion-shaped cylinder, which is immovable and
open to the gas pressure at one end, while the other
end is closed and restricted from expanding or opening
except on one side. An arm containing a pen is fast-
ened to the side which is free to expand, which travels
through an arc of a circle on a graduated chart as
pressure is increased or diminished. A clock mechan-
ism causes a chart to revolve, while the pen is station-
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ary to this circular movement. The chart contains
concentric rings corresponding to different pressures,
and is divided into a number of segments corresponding
to units of time. Gages containing registering mechan-
isms of varying degrees of flexibility and travel must
be used for accurate measurements of different pres-
sure where the range is very great. It is, therefore,
customary to have different gages to suit the condi-
tions of the pressure to be registered and recorded.

A gage which is not as well known as it should be,
and doubtless will be, is the Unison Telemetric Pres-
sure gage. It consists of two pieces of apparatus, a
transmitter and an indicator. The transmitter may be
installed at any point where it is desired to measure
the pressure, while the indicator may be installed at
any other point where it is desired to register it. Elee-
trical connection is made between the two instruments,
using current obtained from a small storage battery.
As pressures change at the transmitter the circuit be-
tween it and the indicator is opened and closed a num-
ber of times, corresponding to the change in deter-
mined units of pressure, which causes the pointer on the
distant indicator to move to the new pressure indica-
tion, and there stop until the pressure changes again.
These gages are of great importance in maintaining
constant pressures at low points in a distribution sys-
tem, in which case the transmitter is located at the low
point and the indicator at the place of pressure control.

Gas Send-Outs

By “send out” is meant the amount of gas put into
the suppy mains for the use of the customer in any
given unit of time. It is equivalent to the amount of
gas made plus or minus losses or gains in storage.
Over certain periods of time it is apparent that the
send-out will equal the make, inasmuch as they will be
equal any time the amount of gas in storage at the be-
ginning and end of a period is the same. The amount
of gas made is always governed by the send-out, and
never the opposite, unless through accident or other-
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wise the capacity of the plant is exceeded. Send—outs
are usually divided into hourly, daily, monthly and
yearly periods, and vary greatly, due to different con-

ditions effecting the consumption of gas.

The most

important factors effecting these variations are cli-

matic and seasonal.

Gas Send-Out During 24 ‘Hours

(;‘::l Water gas Total Holder Total
Hour made Made make register Gain  Loss Sendout
1,000's 1,000's 1,000's 1,000's 1,000's 1,000's 1,000's
7- 8 8 .. 86 935-795 140 226
8- 9. 8 .. 85 795-680 115 200
9-10..... 8 65 150 680-680 .. . e 150
10-11..... 8 80 165 680-720 40 .. 126
11-12..... 8 80 165 720-710 .. 10 175
12- 1..... 8 80 165 710-715 5 ‘e 160
1-2..... 8 80 165 715-755 40 e 125
2-3..... 8 80 165 755-820 65 .. 100
3-4..... 8 80 165 820-895 75 .. 90
4-5..... 8 80 165 895-910 15 .. 150
5-6..... 8 80 165 910-775 135 300
6-7..... 8 65 150 775-650 .. 125 275
7- 8..... 85 85  650-560 . 90 175
8-9..... 85 85  360-495 .. 65 150
9-10..... 85 85 495-505 10 .. 75
10-11..... 85 85  505-550 45 40
- 11-12..... 85 85 550-610 60 25
12-1..... 85 85 610-670 60 2b
1- 2..... 85 85 670-740 70 15
2-3..... 86 85 T740-810 70 15
3-4..... 86 85 810-880 170 15
4-5..... 85 85 880-940 60 25
6-6..... 85 8 940-975 35 .. 50
6-17..... 85 8 975910 .. 65 150
Totals 2040 770 2810 High 720 745 2835

975, Difference

Low 25

495
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The accompanying chart, which is self-explanatory,
shows varying pressures during the 24 hours of the
day and how the amount of gas made is compensated.
by that in storage to suit the amount sent out.

Lost and Unaccounted for Gas

The amount of gas sold does not equal the amount
sent out, various influences tending to cause the former
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Fig. 63. Relation Between Make, Storage and Consumption

amount to be less than the latter. The difference be-
tween these amounts is known as gas lost and unac-
counted for. All of the gas so classed, however, is not
actually lost by leakage, some being due to slow cus-
tomers’ meters, contraction caused by temperature, gas
lost in making connections, stolen or unmetered gas,
purging mains, etc.

Perhaps the most important influence effecting lost
and unaccounted for gas, and the one which will bear
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the most watching, is actual leakage. The pressure
carried upon the distribution system has a potent effect
upon this leakage, and in this day and age of high-
pressure distribution the importance of good work-

Fig. 64. A Well Arranged Gage Board

manship, materials and methods in the installation of
new work and careful watching and permanent repair-
ing of old work cannot be over estimated.
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in use for which space does not permit a full descrip-
tion, but all employ the same general principle of car-
bonization. They may be divided into two classes, how-
ever: coal gas plants and by-products plants. In the
former the production of gas is the primary purpose of
manufacturing, with coke, tar and ammonia as by-
products. In the latter, either coke, or tar products and

)
Fig. 66. Front of Coal Gas Retort Benches

ammonia, or all, are of primary importance with gas as
a by-product of their manufacture.

COAL GAS

The generating equipment of a coal gas plant con-
sists principally of: (1) Carbonizing chambers, known
as retorts or ovens; (2) furnaces or producers for the
generation of gases for heating the retorts or ovens;
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(3) combustion chambers around the retorts or ovens in
which the heating gases are consumed; (4) flues for
conveying heating gases, air for their combustion and
the waste products of combustion; (5) off-take pipes
for conveying the gas away from the retorts or ovens;
{6) hydraulic mains or seals for preventing the return

Fig. 67. Gas Producer Beneath Recuperative Coal-gas Bench

of the gas to the retorts or ovens and for the condensa-
tion of liquid matter; (7) foul mains for the conveyance .
of gas from the hydraulic main to the exhausters; (8)
exhausters for the purpose of exhausting the gas from
the hydraulic main and forcing it through the succeed-
ing apparatus to the storage holder, and (9) coal and
(10) coke handling and conveying apparatus.
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The retorts, or ovens, are usually grouped together in
various numbers heated by one furnace. These groups
are commonly called benches, while a battery of
benches is known as a stack. The most common type of
furnace used for heating the benches is the recupera-
tive type, which differs from the old direct fired type,
now practically obsolete, in that combustion of the fuel

Fig. 68. Section Through Fig. 67 Showing Flues

used is carried on in two operations instead of in one.
In the latter combustion takes place just as it does in
the kitchen range, the fuel receiving sufficient air for
its complete combustion in the fuel bed, the retorts be-
ing heated principally by the sensible heat possessed by
the products of combustion passing to the chimney
through channels or flues arranged under and around
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Fig. 70. Section of Typical Vertical Retort House
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naces that a deep fuel bed be carried, while in the
direct fired type a shallow fuel bed is necessary. Re-
cuperative furnaces may be either full depth, three-
quarter depth or half depth, the depth applying to the
height of the furnace and consequently the depth of the
fuel bed.

Hot coke drawn directly from the retorts into the
furnace is usually used, the fuel being replenished at
regular intervals with the amount required to keep the

nevon

Fig. 71. Section of Inclined Chamber Coal-gas Bench

fuel bed at a constant depth. The fires are cleaned
usually once in 24 hours, while in the direct fired
type frequent cleaning is necessary. The operation of
cleaning fires is not so laborious in the recuperative
furnace, as the clinkers, if any are formed, are soft and
easily gotten out, while in the direct fired furnace, due
to the intense heat produced by the complete combus-
tion of the fuel in the fuel bed, very hard clinkers are
formed which are obstinate to remove. Under efficient
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operating conditions and where the equipment is kept
in good repair a fuel consumption of 276 to 300 lbs.
per ton of coal carbonized should be obtsined ‘with
recuperative furnaces.

The average life of a coal gas bench depends greatly

Fig. 72. Inclined Ovens at Auburn Junction

upon the conditions of service and efficiency of operat-
ing methods. Anywhere from three to five years’ use,
depending upon the above conditions, may be obtained
on the retorts and their settings, after which they must
be replaced. Usually everything within the sides and
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back walls, charging floor line and arch are renewed.
"The furnace, walls (except the front wall above the
floor line), arch and settings below the floor line may
last indefinitely, although they should, and usually do,
receive minor repairs at the time the-bench is refilled.

The material used in the construction of retorts and
settings at the present time is mostly silica, which has
a greater ability to stand the intense heat and strains
of expansion and contraction than fireclay, although
up to quite recently the latter material was used almost

Fig. 73. Typical By-Product Coke Oven Plant

exclusively. It is still used in bench construction
where the most intense heat is not encountered, as in
the walls, arches and the settings below the combustion
chamber.

Retorts or ovens are of various sizes and shapes,
which is not of importance in this description, all are
fitted with doors for the charging of the coal or with-
drawal of coke, and are connected to the hydraulic main
by off-take pipes for the passage of gas from the re-
torts as rapidly as evolved. The hydraulic main is a
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rectangular box, usually extending along the top of an
entire stack of benches. It is filled with tar and am-
moniacal liquor to a certain constant depth which is

Fig. 74. By-Product Plant of a Coke Oven Works

governed by an adjustable overflow. The off-take pipes
dip into this liquid to a depth depending upon the pres-
sure desired upon the retorts, which should be sufficient
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to prevent the drawing of air or furnace gases through
the porous retort but not sufficient to cause excessive
waste of gas through cracks or around the joints of the
doors. A pressure of from 13 to 1% in. of water is
usually employed. The Lydraulic main performs the

Fig. 75. Front of Coal-gas Bench with Hydraulic Main

double function of preventing the return of the gas to
the retort and its consequent escape when the door is
opened for charging and drawing, and acting as a con-
denser for the removal of the heavier tars and a con-
siderable .portion of the ammoniacal liquor.
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The foul main connects with the top of the hydraulic
main at one end and to an exhauster at the other. Its
purpose is to carry the gas from the hydraulic main.
Some form of a condenser or washer cooler is usually
installed at an intermediate point in the foul main for
lowering the temperature of the gas and thereby re-
ducing the quantity handled by the exhauster, as well
as performing the function of removing impurities and
by-products. It is customary to call any part of the
main piping used in coal gas generation, which is under
vacuum instead of pressure, the foul main.

The exhauster is a pump, the speed of which is con-
trolled by some form of aytomatic governor, which
causes the speed to increase or diminish with varying
quantities of gas being made or varying resistance of
succeeding apparatus maintaining a constant prede-
termined vacuum upon the hydraulic main, which is
essential to efficient operation. If it were not for the
exhauster a pressure equivalent to that necessary to
overcome the resistance of every piece of apparatus
from the retorts to the holder would be exerted on the
retort, resulting in a waste of gas that would prohibit
coal gas manufacture. The exhauster overcomes this
resistance, forcing the gas into the holder and main-
taining a vacuum on the hydraulic main which allows
the gas to leave the retort very rapidly.

The operation of coal gas generation begins with the
coal in storage or in the cars. Sometimes an elaborate
conveying system, but more often manual labor, is used
to convey the coal to the charging floor, where again
either mechanical or manual means are employed for
charging and discharging retorts or ovens. The coal,
which is broken or crushed to a small uniform size, is
weighed or measured befcre being put into the carbon-
izing chamber, for the purpose of checking operating
results. The weight of the charge depends upon the
size of the carbonizing chamber, and the length of the
carbonizing period upon the size of the charge and
method of operation. The length of the carbonizing
period has effect upon the quality of both the gas and
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coke produced. The gas evolved at the beginning of
carbonization is richer in heating and illuminating
value than at any later time, its quality varying in-
versely as the time the coal is in the retort. It js there-
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Fig. 78. Elevation and Plan of Coal-gas Cleaning System
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fore evident that there comes a time in the carbonizing
period when the gas given off is of such value that fur-
ther carbonization is uneconomical. Where the pro-
duction of gas is the prime object the length of the
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carbonizing period becomes the time required to reach
this point in the quality of gas, or as commonly stated,
the time when the charge is burned off. The time may
be determined by frequent sampling and analyses of the
gas, after which for the same quality and weight of
coal, and under unchanged operating conditions it may
remain constant. In by-product plants where the pro-
duction of coke is of primary importance, its quality is
the predominating factor, and as the hardness, which is
an important quality, increases with the time the coke

Fig. 79. Exhausters Drawing Gas from Retorts

remains in the oven, the length of the carbonizing
period depends upon the degree of hardness desired in
the coke.

The coke produced as a by-product in the manufac-
ture of coal gas is of a soft, porous texture, as compared
with by-products oven coke, and is therefore subject to
greater waste and breakage in handling and deterio-
rates more rapidly when exposed to the weather, but is
an admirable fuel for domestic and many industrial
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Fig. 80. The Mackenzie Type of Fxhauster

Outlet
Inlet

Fig. 81. Section Across the Root Type of Blower
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Fig. 82. Sections Through Fan Used as Exhauster

purposes. It is the most important of.the coal gas by-
products.

As the quality of the coal gas produced varies with
the time of carbonization it is necessary to arrange the

Fig. 83. Fan Operated by Electric Motor
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time of charging the different units of generation so
that the average quality remains fairly constant.

Coal Gas Treatment and Purification

Coal gas when first produced contains a number of
impurities which must be removed before the gas may
be distributed for use by the customer. The effects

Fig. 84. Electric Motor Close Connected to Exhaust Fan

of these impurities when contained in the finished gas
having been discussed in a previous chapter it will be
the purpose of this chapter to deal with their removal
from the crude gas. The principal impurities that will
be considered are tar, water vapor, ammonia, naphtha-

lene and sulphur.
b,
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Fig. 85. Exhausters Driven by Stcam Turbine
The process of purification begins with the condensa-
tion of liquid matter in the off-take pipe leading from
the retort and continues until the gas reaches its

Fig. 86. Exhausters Driven by Steam Engine
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minimum temperature. While the functions of the off-
take pipe, hydraulic main, foul main and exhauster
were considered as generating apparatus they are also
included in the list of purifying apparatus

The principal pieces of purifying apparatus with the
sequence they usually occupy in a gas plant are:

?
BN

Fig. 87. A Common Form of Blower and Exhauster Drive

Off-take pipes.

Hydraulic main.

Foul main.

Primary condenser or washer-cooler.
Exhauster. ’
Secondary condenser.

Tar extractor.

Ammonia scrubber or washer.
Naphthalene washer.

Sulphur purifiers.

COPXISTTAR WP
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The entire process of coal-gas production and purifi-
cation from the retorts to the sulphur purifiers involves
a gradual lowering of the temperature of the moving
gas, with the consequent condensation or dropping of
liquid matter along the way in proportion as the tem-
perature is lowered.

From the retort to the hydraulic main, though the dis-

Fig. 88. Modern Design of Rotary Exhauster

tance is rarely more than 10 ft., the drop in temperature
is very rapid—from 1,500 to 1,800 degs. F. in the retort
to below 200 degs. F. in the hydraulic main. The
heavier tar starts condensing in the offtake pipe, while
the hydraulic main and foul main condense the larger
portion of the tar and water vapor from the crude gas.
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ing process is carried on is known as ammoniacal
ligquor, and is of varying strengths.
The primary condenser may be of the tubular type,

Fig. 90. Cleaning Arrangement for a Small Works

either air or water cooled, or of the washer-cooler type,
in which the gas is scrubbed and cooled simultaneously
with ammoniacal liquor and tar, which is circulated
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through cooling coils in series with the apparatus, the
excess produced overflowing into a storage well. This
piece of apparatus performs the function of further re-
ducing the temperature of the crude gas, which is
usually under absolute control from this point, the im-
- portance of which is very essential to the removal of
naphthalene and the retention of valuable illuminants.
Tarand ammoniacal liquor are here removed to a further
extent by condensation, due to the decreasing tempera-
ture of the gas. The temperature at which the gas
leaves this piece of apparatus is entirely dependent upon
local conditions and arrangement of following ap-
paratus.

The exhauster is usually the next piece of apparatus,
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Fig. 91. Section Through Tar Separator

and performs its part in the purification process by
removing a portion of tar by the mechanical action of
the impellers in churning the gas while exhausting it
from the foul main and forcing it through the succeed-
ing apparatus.

A secondary condenser may be the next piece of ap-
paratus preceding the tar extractor, or may succeed the
latter apparatus, or it may be dispensed with entirely
where a secondary washer-cooler is used. This arrange-
ment is dependent upon local conditions. A secondary
condenser performs the same function as the primary.

The tar extractor is used to quickly remove the last
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traces of tar, by mechanical action, after the tempera-
ture of the gas has been lowered to the desired point,
between 90 and 100 degs. F., and by so doing practically
all naphthalene contained in the gas is absorbed by the

Fig. 92. Section Through a P. & A. Tar Extractor

tar at this temperature and removed with it, while the
desirable illuminants, also absorbable by tar at lower
temperature, is retained. The type of tar extractor .
generally used is the P. & A., in which the gas is finely
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divided by passing through small holes in an outer
series of plates, impingeing against the plates of the
next series, again passing through holes in these plates,
etc. The force of the streams of gas impingeing against
the plates deposits the tar globules thereon, from which
they flow to a reservior and thence to the storage well.
The action of this apparatus is automatically controlled
so that the area of plates presented to the flow of gas

3

"TEST or Gas

WASHER_OuTLET |
Distance 1., Time 30 Sec|

Fig. 96. Satisfactory Test After Washing
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is in the proper ratio to the quantity of gas flowing.
The gas, after reaching the outlet of the mechanical
tar extractor, is practically free from the tar it con-
tained; but it still contains a portion of its ammonisa,
which is next removed by absorption through the intro-
duction of fresh water. Water at 60 degs. F. will ab-
sorb about 700 times its volume of ammonia gas, so that

GAS INLET

- _..
He i

SCRUBBER SCrRUBBER
Fig. 97. Scrubbers with Two Kinds of Filling

it is only necessary to obtain a contact between the gas
and water for the removal of practically the last trace
of ammonia. However, the efficiency of an ammonia
scrubber depends upon the degree of contact obtained,
using the minimum quantity of water, taking into con-
sideration the strength of the liquor obtained, and the
amount of ammonia left in the gas. The strength of
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the liquor is of great importance, as in the concentra-
tion process, which is usually carried on at the gas
works, the greater the strength of the weak liquor the
smaller the amount that must be handled. Many types
of ammonia scrubber and washer are in use, so that no
attempt will be made to describe any one of them, as
the function performed is the same in all.

It is sometimes necessary at this point in the process

Gan L.
Oves

WASHER ScruesLr Nel ScrueaEr Ne. 2

Fig. 98. Trickling Scrubbers Filled with Trays

of purification to provide means of washing the gas
with light oils or tar for the removal of naphthalene;
but when temperatures of tar extraction are kept under
absolute control, especially where the washer-coolers
are used, this apparatus can be dispensed with.

The gas is now pracically free from all impurities or
substances detrimental to its distribution, except sul-
phur. A large quantity of the sulphur originally con-
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Fig. 99. Common Arrangement of Purifier Box
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tained m the crude gas as it left the retort has been
removed in the various washing and scrubbing proe-
osse< that the gas has undergone for the removal of tar
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Fig. 101. Outside Purifiers in California

quantity in the form of sulphuretted hydrogen, which
is next removed by passing the gas slowly through beds
of iron oxide.

It is desirable to reduce the temperature of the gas
at the outlet of the last piece of condensing, washing
or scrubbing apparatus to 60 degs. F., in order that a

F'g. 102. Wooden Stave Outside Purifiers
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from the foul main is drawn. In this

