
HOUSE No. 48,

Office of Gas Inspection
Boston, January, 1876. )

To the Honorable Senate and House of Representatives of the Com-
monwealth of Massachusetts.

The undersigned respectfully submits the following Report.
The whole number of meters inspected during the past year,

was six thousand eight hundred and twenty (6,820).
Six thousand five hundred and six (6,506) meters were

either new or had just been repaired, and if any of them were
found to be incorrect they were given to the manufacturers
for repairs and then tested again.

The number of meters brought to the office and complained
of as incorrect, was three hundred and fourteen (314), the
complaints coming mostly from the gas consumers.

Of this number, one hundred and twenty-three (123) reg-
istered against the consumer, the average error being five and

~ ' O o
ninety-nine one-hundredths (5.99) per cent. One hundred
and forty-two (142) were within the limits allowed by law;
namely, two per cent, either way. Thirty-nine (39) registered
against the company, the average error being eight and seven-
teen one-hundredths (8.17) per cent; and ten (10) meters
either leaked or would not register. The average error of all
the meters complained of was one and thirty-three hundredths
(1.33) per cent, against the consumer.

It is probable that the meters thus complained of are not a
fair average of those in use, as the meters are almost always
brought in on the complaint of the consumer and not of the

dommouujcaltl) of illassatljusclte.
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company. I have no means of knowing what is the average
error of all the meters in use.

There has been a steady increase in the number of com-
plaints about meters, while for some years there has been a
decrease in the whole number of meters inspected yearly.

All the meters tested were "dry” meters.
A gas meter is a somewhat complex piece of mechanism,

and certain conditions must be observed in its use or it will
not operate satisfactorily. In a dry gas-meter the eas is
measured by means of leather diaphragms, and there is a
registering apparatus to count the number of strokes of the
diaphragms. If the diaphragms are contracted, the consumer
gets less gas than is registered; while any leak lets the gas
pass through without being measured. lam of the opinion
that the diaphragms are contracted by ammonia more than by
any other substance with which they are brought in contact.
It follows that the ammonia should be almost wholly removed
from the gas if the meters are to do good service. A very
small proportion of ammonia in gas affects the meters percept-
ibly. In testing meters from various places I have noticed
that usually the meters were fastest where there was the most
ammonia.

Quite frequently the working of the meter is obstructed by
the liquid which has condensed out of the gas.

Gas-meters are frequently put in improper places as regards
temperature. Sometimes they are placed in a cellar close to
a furnace, and then, besides the gas being expanded when it
is measured, the tar dries on to the diaphragms, and they
become hard and do not work easily. Sometimes the meter is
put in such a cold place that nearly all the moisture in the
gas is condensed and the meter speedily becomes filled up.

A meter is usually tested with the gas passing at a certain
fixed rate, and although it will usually register correctly if
there is considerable variation from the normal rate, still at
any extreme rate the error is liable to be quite large. Gen-
erally, if the gas is passed at too slow a rate, part of it leaks
through the valves, or elsewhere, without being registered;
while, if the gas is passed at too fast a rate, the meter will
register more than really passes through: sometimes, how-
ever, the reverse is the case.
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A meter is best kept in good condition by continual use, as

the diaphragms rapidly harden when exposed to the alternate
action of gas and air.

It might be thought that if dry meters had all these disad-
vantages, wet meters would be used instead ; but wet meters
have two very serious disadvantages, besides some minor ones.
They require almost constant attention to keep the water-level
right: and far worse than that, in cold weather they frequently
freeze so that the gas cannot pass. I believe that wet meters

were formerly used almost exclusively, but there was so much
trouble with their freezing that dry meters were substituted.
I think that in the Southern cities wet meters are generally
used. Perhaps if glycerine had been as well known and as
cheap formerly as at present, wet meters would still be used
here; for glycerine does not evaporate or freeze easily.

Visits have been made to the more important gas works in
the State. At those places where the companies have pho-
tometers, tests have been made of the illuminating power of
the gas, and for impurities. In no case have I allowed any
officer of the gas company to know when my visits for inspec-
tion were to be made. The photometric tests have been
made with the common form of Bunsen’s disc photometer,
no reliance being placed on "jet” photometers, for this
purpose. The gas was burned as nearly as possible at the rate
of five feet an hour, from an Argand burner, Sugg’s "Lon-
don ” burner, or a Schwarz’s burner being used. Either of
these burners gives one or two candles more light with com-
mon gas than the " Westminster,” formerly used. The stand-
ard of comparison was an English standard candle, burning
at the rate of one hundred and twenty (120) grains per hour.
Considerable difficulty was experienced, in some instances,
because the candles did not burn properly, nor at the right
rate. A candle is a very unsatisfactory standard, from the
fact that it scarcely ever burns at exactly the normal rate, and
is sometimes far wide of it. Sometimes the flame is pointed
and smoky, and then the light is less than it should be for the
consumption of sperm. I think the candles lately imported
are not as satisfactory as former importations.

The tests at Boston, Lawrence, Lowell and Springfield
were made at some distance from the works. The others
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were made at the works. It is more satisfactory to have the
photometer away from the works, as the gas is more nearly
uniform in its composition, and is just the same as that deliv-
ered to consumers. Several other companies besides these
reported are large enough to need disc photometers. The
following are the average results of the tests made:

Amount in Grains per 100 Feet
Illuminating 0F OF_

NAME OF COMPANY. Power
in Candles. Sulphur (S). Ammonia (NHj).

Boston, 18.9 20.4 9.3
Cambridge, .... � 18.3 47.0 J
Charlestown, .... 16.7 19.0 18.1
Chelsea, 16.6 10.5 33.0 J
Dorchester, .... 16.5 16.4 11.8
East Boston, .... 16.6 f 6.4
Fitchburg, . . . . , j 16.5 27.2 3,-
Lawrence, .

. . . , 17.0 23.9 4.5
Lowell, 16.7 20.0 6.6
Lynn, * 18.8 2.0
New Bedford, . 16.3 7.8 4.0
Newton, 16.2 f 6.7
Roxbury, 17.3 18.9 18.6
South Boston, .... 16.6 20.0 19.4
Springfield, .... 17.0 17.6 5.0
Worcester, .... 16.6 19.4 15.8

* The photometric results were not considered reliable,
t No proper facilities for the sulphurdetermination.
X The ammonia has lately been reduced to a quite satisfactory amount.

These tests were not made in response to official calls for
inspection, as no such calls have been made, but for the pur-
pose of showing the quality of gas delivered to consumers in
the State.

The legal minimum for illuminating power is twelve
candles. As above shown, all the gases examined -are
well above that standard.

The law says that the gas shall be well purified. Ido not
consider gas well purified which contains more than five
grains of ammonia in one hundred feet of gas. The Londono o
referees do not allow over two grains. Ammonia attacks
meters and fittings and gives some nitric acid in burning. It
is very easily extracted from coal gas, and as it is used for a
variety of industrial purposes, it would seem that it should
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yield an income to gas companies here, as it does in England,
instead of being a source of annoyance.

The sulphur in coal gas is probably chiefly in the formof carbon
bisulphide, and this is more difficult to remove than any other
known impurity. The only processes which have thus far
been successfully used for its removal have been those which
employ alkaline sulphides or sulphydrates. Carbon bisul-
phide slowly combines with alkaline sulphides and forms
alkaline sulphocarbonates. The reaction with sulphydrates is
the same, except that sulphuretted hydrogen is liberated at
the same time. There have been two methods of applying
these sulphides. One is to cause the gas to pass up through
a large high cylinder filled with coke, or some material which
offers a large surface for a small bulk, and during its passage
to wash it with a solution of ammonium sulphydrate, which
is admitted at the top of the cylinder and flows down
over the coke. The solution of ammonium sulphydrate is
frequently the liquor from the hydraulic main ; and then it
contains many other substances besides the sulphydrate.
When only water is used to scrub the gas, the action is the
same qualitatively, as about the same solution is formed when
the water is part way down the scrubber. I have tested
liquor from a scrubber which contained thirteen parts of sul-
phur in one thousand of liquor; the same liquor contained
thirty parts of ammonia.

The other method is to pass the gas through the foul lime
in the purifiers which contains calcium sulphydrate. The im-
purities in the gas when it reaches the purifiers may be said
to be carbonic acid, sulphuretted hydrogen and carbon bisul-
phide. The carbonic acid decomposes the calcium sulphy-
drate, forming calcium carbonate and setting free sulphuret-
ted hydrogen, which passes along with that previously in the
gas, and combines with the fresh calcium hydrate, forming
calcium sulphydrate again. The carbon bisulphide and cal-
cium sulphydrate combine, more or less completely, forming
calcium sulphocarbonate, and thus the gas is freed from the
three impurities. It may be said that the first part of the
lime should take out the carbonic acid, the second the carbon
bisulphide, and the third the sulphuretted hydrogen; but
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actually more or less of all these reactions are going on
throughout the entire mass of the lime.

I am inclined to think that in many cases the third purifier
in the series, as here used, does no work at all and makes
considerable back pressure, although of course it would catch
any sulphuretted hydrogen that came forward.

Judging from the returns of the London gas testers, 1
should think that the Massachusetts gases compared favor-
ably with the London gas in regard to illuminating power
and sulphur; but the Massachusetts gases generally contain
much more ammonia.

I have made a few endiometric analyses of the gas manu-
factured by some of the different companies. The following
are the results obtained ;

NAME OF COMPANY,— . . i Boston. Charlestown. Dorchester. Cambridge. Lawrence. Springfield. Worcester.
Carbonic Acid, ..7-2216
Oxygen, . , . | 2 3 -

- 2 - 1
Hydrocarbons, . . 1 .62 39 12 47 I SO 37 34
Carbonic Oxide, . . 65 54 69 66 | 88 64 79
Hydrogen, . . . 462 501 605 470 I 473 500 517
Nitrogen, . . 18 22 17 14 19 14 19
Marsh Gas, . . 394 381 295 401 | 387 379 350

1,000 1,000 1,000 1,000 i 1,000 1,000 1,000

The parts are by volume. The hydrocarbons were deter-
mined by absorbing them by forming sulphuric acid. The
volume alone of the hydrocarbons is no guide as to the illumi-
nating power of the gases ;as for example ethane (C 2, H 6),
which gives almost no light, is absorbed by the acid just the
same as benzol (C 6, 1I6 ), which is a very valuable light-
giver.

A great deal of gas is wasted by burning it in unsuitable
burners. The best effect is produced by some sort of an
Argand burner. Perhaps with the same amount of gas the
best Argand burner will give about five per cent, more light
than the best open burner. With any given burner and gas
there is a certain pressure which gives the best result, and if
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any different pressure is used, gas will be wasted. Generally
speaking the gas is burned under too high a pressure. The
flame should have a regular flowing outline, with no ragged
edges, and there should be no pronounced rays in the central
blue space, if the gas is to be burned under the best condi-
tions.

The apparatus and processes have changed little during the
past year. High heats and large yields are the rule generally.
Quite a number of companies have arrangements so that the
gas does not pass through the liquid in the hydraulic main.
Efficient scrubbers are coming into use, as is shown by the
smaller amounts of ammonia in the various gases. At most
works the "dry” lime used contains more water than was
formerly thought advisable. Perhaps, generally speaking, a
little more care should be given to the condensing and scrub-
bing apparatus.

,Gas made from crude petroleum has been introduced at
Lexington. I tested it for illuminating power, and found that
when the gas was burned through a small bat’s-wing burner at
the rate of one and one-eighth foot per hour, it gave an illu-
minating power equal to fourteen and four-tenths candles; or
one foot of petroleum gas gives about the same amount of
light as four feet of common coal gas. Petroleum or naphtha
gas is used in several works to enrich the coal gas, and this
seems to be a profitable field for its employment.

Respectfully submitted.

CHARLES W. 11lAMAN,
Inspector of Gas and Meters.




