
HOUSE No. 70.

Office of Gas Inspector, 32 Hawley Street,
Boston, January, 1888.

To the Honorable the Senate and House of Representatives of the
Commonwealth ofMassachusetts.

The undersigned submits the following

REPORT.
During the past year twelve thousand and forty-six gas

meters have been inspected. Of this number eleven thousand
nine hundred and forty-nine were either new or had just been
repaired. In case any of these meters did not pass inspec-
tion, they were returned for correction and then tested
again. Ninety-seven meters, which had been in use some
time and which were suspected to be incorrect, were brought
to this office for re-inspection. Of these meters twenty-
three were found to be too fast, the average error being
four and twenty-nine hundredths per cent. ; sixty-three were
within the limits allowed by law, namely, two per cent,
either wray; and eight were slow, or registered against the
company, the average error being five and sixty-nine hund-
redths per cent. The average error of all the suspected
meters, leaving out of account three that did not register
gas, was sixty-two hundredths of one per cent. fast. Only
four ofthe meters were in error more than six per cent, and
the largest error was ten per cent.

A reference to the reports of a few years ago will show
that there were formerly many more complaints about meters

(Hommcimocalti) of itlassadjusctto.
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and that there was more reason for complaint. This is* not
due to a decreased use of gas, for more is used at present
than at any former time. The meters are all “ dry” and are
of the same general style as those in use twenty-five years
ago. The better condition of the meters is probably due to
their receiving more attention, and to the fact that the gas

now contains less tar and ammonia than it did some years
ago. Ammonia and hard tar are injurious, as they stiffen
the diaphragms of the meters and sometimes cause them to
crack, and thus cause the meters to register inaccurately.

The results of the inspection of meters complained of in
preceding years are given in the following table ;

Fast MaxiiKS. Slow Meters. : Total.

YEAK. u i si t i e’ ! -S io r, o o r ■ q> r 3•g 5 | ■=■ 6 c gig®
y S, y. ml y, S. ) £

1872, . . i 87 4.80 ! 81 32 9.53 202 i 0.32 i Fast.

1873, . . ! 100 5.43 ! 95, 40 6.61 238 1.18

1874, . . j 101 4.76 181 51 I 6.22 285 0.57

1875, . . j 128 5.99 j 142 !89 J 8.17 314 1.33

1876, . . j 148 I 5,19 ' 179 j5B I 9,17 j 381 0.74

1877, . . 93 4.79 125 34 11.00 257 0.28

1878, . . ! 11l 5.34 180 44 : 9.51 343 0.63

1879, . . 83 5.00 : 91 18 16.20 193 0.64
|

1880, . . | 48 4.54 | 52 22 6.59 122 0.52

1881, . . 41 5.68 72 28 j 6.44 141 0.33

1882, . .j 41 4.10 62 21 j 11.30 j 127 0.43 Slow.

1883, . .11 4.25 16 12 : 13.12 38 2.76

1884, . . 51 4.22 100 25 5.02 176 0.58 Fast.

1886, . . 44 5.09 74 21 11.50 139 j 0.08 Slow.

1886, . . 38 4.55 64 22 I 12.48 j 124 j 0.79

1887, . . 23 I 4.29 63 8 5.69 194 j 0.62 Fast.
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The gas made by the sixty-nine companies in the State
lias been inspected as usual. The ordinary gas inspection
comprises the determination of the candle-power, amount of
sulphur and ammonia, and presence or absence of sulphur-
etted hydrogen. Numerous analyses have shown that coal
gas as manufactured in Massachusetts never contains as
much as the legal limit of ten per cent, of carbonic oxide.
As the accurate determination of the amount of carbonic
oxide in illuminating gas demands considerable time, and
the skilful use of delicate apparatus, it has usually been per-
formed only when there was some reason for suspecting the
gas to contain more than the amount allowed by law.

The candle-power of the gas of the larger companies was
taken by means of the photometers which the law requires
them to maintain. For the gas of the smaller companies a
specially designed portable photometer was used, which
varies but little from stationary instruments, except that it
has a dry meter, and can be packed for transportation.

Sugg’s London Argand burner, No. D, was used in making
most of the tests, but for testing some of the richer petro-
leum gases, which were burned at the rate of from one to
three feet per hour, an open slit burner was found more
suitable. The English standard candle was used as the
standard of light, and the proper corrections were made if
either gas or candle varied from the legal rate of burning.

The apparatus used for determining the amount of sulphur
is based on the same chemical principles as that of the
English referees, namely, burning the gas with an excess of
ammonia, and estimating the sulphuric acid formed in the
condensed products of combustion. For the determination
of ammonia, the gas was bubbled through dilute standard
acid until it was neutralized.

The samples of gas for eudiornetric analysis wore collected
and taken to the office in sealed glass tubes and analyzed by
means of a mercurial apparatus. The sulphur and ammonia
apparatus and other glassware used in testing were carried
from place to place by the inspectors. Frequently the
breaking of some of the glass apparatus rendered it neces-
sary to omit some determination.

Most of the methods and apparatus previously used for
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testing gas have been more or less modified by the present
inspector. Some of these modifications relate to portability
of apparatus, others to convenience and speed of working
and some to accuracy of results.

The tests of the gas of the larger companies were always
made at some distance from the works and usually at the
companies’ offices. The gas of the smaller companies was
tested at hotels and town halls, as well as at the companies’
offices. No notice has ever been given any company when
their gas was to be tested, and the inspections have been
made at somewhat irregular intervals, so that no special
quality of gas could be prepared, even if there had been any
such desire. At Brockton, Dedham, Fitchburg and Green-
field, a part, and at Chicopee, Gloucester, Manufacturers of
Fall River, and Plymouth all, the inspections were made at
the gas works.

if Candle I'ow^s a
CO I

go NAME OF PLACE OR COMPANY. » j |

IB|s I a I
sa > af £ a S<Hj J M <

52 Boston, . . . . 18.99 20.6 17.4 8.47 6.10
10 Brookline, . . . .1 17.95 19.3 17.8 8.82 2.49
20 Cambridge,. . . . | 17.60 18.4 15.3 11.58 1
15 Charlestown, . . . 17.79 19.5 16.6 10.35 1
7 Chelsea, .... 18.54 19.6 17.9 7.00 2.34

10 Dorchester, .... 17.89 18.7 17.2 7.44 3.44
8 East Boston, . .

. 17.35 18.6 16.2 9.15 6.70
9 FallRiver, .... 17.04 18.3 15.0 8.84 5.60
8 Haverhill, .... 17.67 18.4 16.8 10.27 5.60

10 Holyoke, .... 18.02 18.8 17.2 8.69 6.18
7 JamaicaPlain, . . . 17.34 18.0 16.8 10.07 2.89

14 Lawrence, .... 18.14 18.8 17.6 11.85 1.62
30 Lowell, .... 17.80 18.6 16.9 10.67 1.06
II Lynn, 17.70 18.3 17.3 9.54 2.27

6 Malden, .... 17.60 18.2 16.8 9.35 4.66
9 New Bedford, . . . 17.20 17.7 16.6 9.85 1
9 Newton, .... 17.71 18.2 17.2 10.41 1—

25 Roxbury, .... 18.25 20.3 17.2 9.22 5.95
9 Salem, 18.10 18.5 17,8 7.93 1.89

12 South Boston, . . . 17.76 18.5 17.3 8.81 5.82
14 Springfield,. . . . 18.29 19.2 17.5 10.97 3.45
6 Taunton, .... 18.03 18.3 17.6 5.07 2.47
6 Waltham, ..... 17.44 18.1 16.7 10.37 1

17 Worcester 17.94 18.9 16.8 9.95 8.49

Average, . . . 17.84 9.30 j 3.19
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Smaller Companies.

Grains per 100 Feet
, •c £ of Gas of—-

l | NAME OF PLACE OR COMPANY. o S I

2 Adams, ...... 16.60 6.85 1
3 Arlington, 16.63 10.07 1
2 Athol? 20.90 5.85 1
3 Attleborough, .... 16.87 11.53 2.10
3 Beverlv, 17.53 8.37 2.00
5 Brockton, ..... 16.98 7.07 8.02
3 Chicopee, 17.47 6.10 1
3 Clinton, 17.87 11.00 1
2 Cottage City, .... 17.60 11.80 1
2 Danvers, ..... 16.85 7.80 1
3 Dedham, 17.23 7.07 1.87
3 Easthampton, .... 17.70 6.53 1
4 Fitchburg, ..... 17.70 12.25 1.32
3 Gloucester, ..... 17.80 8.70 3.67
3 Greenfield, 18.03 8.70 2.70
4 Manufacturers, .... 17.72 10.90 1.95
2 Marblehead, 16.95 14.65 1
2 Marlborough, .... 17.60 7.80 1-85
3 Milford, 16.70 9.90 6.70
2 Nantucket, 17:35 9.95 16.25
2 Natick, 18.25 6.35 3.80
3 Newburyport, .... 18.27 8.50 1
4 North Adams, .... 18.65 6.97 6.77
4 North Attleborough, . . . 17,12 8.85 1.15
4 Northampton, .... 17.82 6.07 6.02
2 Norwood, 19.25 7.75 3.60
4 Pittsfield, 19,85 9.53 1
2 Plymouth, 17.15 6.76 17.25
8 Quincy, 16.70 6.27 3.63
2 Spencer, 15.16 8.05 1.70
3 Wakefield, 17.37 7.60 7.45
3 Ware, 17.93 7.90 1
2 Webster, . . . . 18.00 9.75 4.66
3 Westfield 17.67 10.90 1
3 Woburn, . . . . . 17.63 9.57 1

Average, 17.02 8.50 3.30

3 Amcsbury, 24.33 I°£ a §
2 Amherst, 38.45 g §

2 Chicopee Falls, .
,

. . 27.90 **"H g ”

2 Great Barrington,.... 25.05 g -a .3
2 Ipswich, . , 26.95 53 553
2 Lee, 55.50 I2H d" o
2 Leominister, 26.60 kc. 2 9 o
2 Lexington, 20.30 ® g
2 Middleborough, .... 25.10 o S i-J

.

2 Southbridge, 24.35 'S.HttS
Average,

....
. i 30.11
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The results of the tests of the gas made during the year
by the assistant inspector and myself were furnished to the
Board of Gas Commissioners at their request.

As regards candle-powers the inspections generally show
little change from the preceding year, the average for all
the companies showing a decrease of a few hundredths of a
candle. But of the eight largest companies six showed an
increase, which in two cases amounted to one-fourth of a
candle, while the other two showed an equal decrease. Per-
haps the most noticeable change was at Cottage City, where
the gas was found to be nearly two candles lower than it
was the previous year. There was nearly the same fall of
candle-power at Athol, but the gas was still nearly six
candles above the legal standard. The gas at both these
places is a mixture of petroleum gas with water gas. At
Chicopee Falls there was a decrease of two candles, and at
Lee an increase of three candles.

When an illuminating gas is produced by mixing rich
petroleum gas with any non-luminous gas, such as water gas
or air, the resulting mixture is liable to vary considerably
in illuminating value, unless great care is used.

One test at Spencer showed the gas to be more than two
candles below the legal standard. This gas was made from
steam-coal and oil, with some water gas. One test at Fall
River showed the gas just at the legal standard. These were
the two lowest tests made.

Comparing this year’s results with those of last year, there
has been a decided decrease in the amount of sulphur in the
gas; the average of all the companies tested showing a
decrease of one and six-tenths grains per hundred feet of gas.
The gas of only about one-fifth of the companies showed an
increase of sulphur. One test at each of the following
places showed the sulphur to be above the legal limit,
Cambridge, Lawrence, Lowell and Newton ; but in each case
the next test showed less sulphur than the law allows. The
decrease in the amount of sulphur was probably due to the
use of better coal, as a considerable quantity of sulphury
coal was used in 1886.

Of the larger companies, eleven showed an increase, eleven
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a decrease, and two no change in the amount of ammonia
in their gas, the average amount being three and nineteen
hundredths grains per one hundred feet of gas, as against
two and eighty-four hundredths grains the previous year.
Of the smaller companies, nine showed an increase, sixteen
a decrease, and nine no change in the amount of ammonia in
their gas,— the average amount found being three and three-
tenths grains, as against four and eighty-nine hundredths
grains the previous year. The legal limit of ten grains of
ammonia per one hundred feet of gas was reached twice and
exceeded four times, two of which were consecutive, by the
Boston gas. Brockton reached the limit once and exceeded
it once. Haverhill reached the ten grains limit twice conse-
cutively. At East Boston, Fall River, Malden, South
Boston and Plymouth, the limit was exceeded once each.
The limit was twice exceeded at Holyoke, Nantucket and
Roxbury, the excesses at Holyoke being found on consecu-
tive inspections. At Worcester the limit was exceeded on
four consecutive inspections, and the mayor of the city was
notified that a fine of one hundred dollars was due from the
gas company. I have been informed that the fine was paid.

Although the amount of ammonia in crude gas depends
on the variety of coal used, yet the amount left in the puri-
fied gas can be reduced to almost any limit if the proper
means are taken.

More than the legal amount of ten per cent, of carbonic
oxide has been found on two consecutive inspections at
Amesbury, Athol and Cottage City. A preceding inspec-
tion at Athol and Cottage City having also shown an excess,
the selectmen of these two towns were notified that a fine
was due. I have been informed that the fine at Cottage City
has been paid, but have received no information from Athol.
The gas used at these three places is. a mixture of petroleum
gas with water gas; and the apparatus used, which in each
case has been erected since the passage of the present law,
was designed to produce a gas containing from fifteen to thirty
per cent, of carbonic oxide. From information received* a
change in the process of manufacture at Athol was expected,
but no perceptible change has been made.

* See Gas Inspector’s Report, Jan, 1887, page 10.
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The legal limit has also been slightly exceeded at Rox-
bury on one occasion, and also once at Worcester.

At Charlestown, Fall River, Lynn, Roxbury, South
Poston, Spencer and Worcester, apparatus is provided for
the manufacture of water gas to be mixed with the coal gas
used at these places. It seems probable that there may
occasionally be an excess of carbonic oxide at some of these
places.

Sulphuretted hydrogen has been detected on two consecu-
tive inspections at Beverly, and once each at Dedham, Ply-
mouth and Westfield.

During the year it was hecessary to make quite a number
of eudiometric analyses of gas for the purpose of determining
the carbonic oxide. Several other analyses were also made
to show the percentage composition of the gas generally
used in the State. The analyses are given in the following
table :



H—1

GO
— GO

Number !
„

| I , '—•
; Candle- Carbonic Carbonic

of Place or Company. Illumlnants. Marsh Gas. Hydrogen. Nitrogen. Oxygen.
„

Power. Oxide. Acid.Sample, i

1 19.8 Boston, 6.19 37.79 45.93 6.74 2.06 .39 .90
2 17.9 Cambridge, , 5.44 35.74 47.70 6.76 3.13 - 1.24
3 16.8 “ 5.58 35.18 47.09 6.18 6.18 .09 1.64
4 17.4 Lowell, 5.81 35.45 60.20 6.63 .76 .07 1.08
5 17.8 Lawrence, 4.76 36.84 48.88 7.70 .54 - 1.28 K
6 18.6 Holyoke, 5.21 37.67 49.76 6.03 1.15 .08 .10 O
7 18.1 Springfield, 5.45 35.25 51.60 7.80 d
8 17.7 South Boston, 5 05 87.05 49.62 6.25 1.95 .04 .04 CO
9 17.8 “ “ 6.40 37.18 48.62 6.80 2.37 - .13 M

10 - Fall River, 4.20 35.83 62.81 5.84 1,82
11 17.4 “ 5.85 37.59 49.01 5.99 2.02 - .04 h*
12 18.0 Newton, 6.00 35.33 61.41 6.61 .52 .06 .07 oH

13 18.3 Lynn, 7.99 87.54 44.87 6.49 2.05 .07 .99
14 17.3 “ 6.25 36.40 47.26 6 65 8.46 .12 .96
15 17.7 Northampton, ..... 4.96 37.56 43.39 6.52 6.60 .97 -

16 17.4 Nantucket, <. 4.55 35.22 50.05 6.35 3.27 .56
17 17.2 Charlestown, ..... 6.82 35.68 48.73 6.74 1.85 - 1.18
18 17.9 i “ 6.06 34.71 46.90 7.41 2.76 .60 1.56
19 19.5 “ 8.13 34.63 44.95 9.44 .32 .29 2.34
20 17.2 Roxbury, .' 5.62 87.30 48.67 6.41 2.10
21 17,3 I 7.88 82.43 44.90 11.09 2.99 .56 .15
22 18.2 “ 6.57 36.55 48.10 7.93 .76 .03 .06
23 17.3 ! “ 7.86 89.19 45.55 5.85 1.22 - .331 I

CD



I- -
-
- -

--- --

0
Number;

~i Candle- Carbonate Carbonicof t> Place or Company. Illuminants. Marsh Gas. Hydrogen. Nitrogen. Oxygen.
Sample.! PoWor - ox,de* Acld *

24 - Worcester, .x 4.76 41.08 41.80 6.88 5.25 .11 .67
25 18.8 “ 5.55 40.65 88.20 8.73 6.10 .13 .64 g
26 -

“ 6.65 88.53 87.11 10.49 6.38 .14 .70 &

27 17.4 “ 8.14 87.29 42.61 6.43 5.01 .23 .89 2
28 18.8 “ 6.92 41.64 39.44 8.74 2.85 - .41 i=i
29 ! 17.5 “ 6.09 36.89 42.94 6.10 7.98 £3
80 17.8 Spencer 5.84 36.56 39.28 7.52 10.00 .56 .24
31 12.5 “ 4.69 34.02 42.09 9.42 8.43 .99 .36 O
32 19.8 Cottage City, 14.00 23.35 81.71 16.21 6.69 .20 7.84
83 15.4 “ “ 12.14 18.46 88.85 15.15 9.98 .23 5.69 0
34 22.0 Athol, 13.12 21.86 83.51 28.40 2.98 .16 .52 77
35 19.8 “ 13.13 19,81 37.28 25.74 8.11 .30 .63
36 22.9 Amesbury, 14.96 18.06 82.95 28.67 2.66 .17 2.53
37 23.3 “ 16.88 19.44 32.24 29.60 .82 - 1.52 S
88 23.9 Albany, N. Y., 20.56 25.56 24.78 .71 18.98 4.32 I 5.09
89 “ “ 20.22 25.21 24.24 1.56 19.43 4.46 4.88 hj

40 51.3 Lee, . 42.31 51.34 | | - 1-62 - - O
= - =!== o

j-r!

'-H
P
3

«■
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The gas of the first seventeen samples, and also numbers
twenty, twenty-three, twenty-seven, twenty-nine and thirty,
was probably made from coal alone, except that in some
cases a small percentage of oil gas was used for enriching.
In samples twenty-one, twenty-two, twenty-five, twenty-
six, twenty-eight, and thirty-one, there was probably some
water gas. Samples thirty-two to thirty-nine inclusive, were
mixtures of oil gas and water gas, with in some cases an
admixture of air. Number forty was made from crude
petroleum.

It will be noticed that the candle-powers given only
approximately correspond to the percentage of illuminants.
There is nothing very strange in this, as among the illumi-
nants present may be various members of the acetylene,
ethylene, benzol and naphthaline groups of hydrocarbons.
The illuminants in coal gas seem to be more valuable than
an equal volume of the illuminants in oil gas.

The kind of gases used to dilute these rich illuminants has
also quite an important influence on the candle-power. If
only the candle-power is considered, marsh gas is the best
diluent, followed by hydrogen, carbonic oxide, nitrogen and
carbonic acid in the order named. The place of oxygen in
the list is a little uncertain.

It will be seen that the fluctuations in the composition of
coal gas are usually not very great; perhaps the most
noticeable variation being in the amount of nitrogen drawn
in by the exhauster. Those samples of gas showing as
much as three-fourths of one per cent, of carbonic acid were
purified by iron oxide.

Xos. twenty-four, twenty-five and twenty-six were sam-
ples taken the same evening at different parts of the city of
Worcester to determine whether the gas delivered to the
various consumers, which was a mixture of three differ-
ent sorts, was uniform in composition. This was done at
the request of the Board of Gas Commissioners, to aid them
in an examination of the affairs of the company.

In this case the different gases were mixed by simply pass-ing them, as made, into the same holder, which was also
used for supplying the street mains. The results show that
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this method does not give a uniform mixture when the rela-
tive proportion of each gas made varies during the day.

Samples of the Albany gas were collected and analyzed,
as I was informed thata high candle-power gas, made by the
reaction of steam on naphtha and containing little carbonic
oxide, was in use at that place. The two analyses of gas,
taken at different hours and in different parts of the city,
show that carbonic acid was formed instead of carbonic ox-
ide, and also that considerable air was introduced.

In these analyses no attempt was made to separate the
higher members of the paraffine series from the hydrogen and
marsh gas, for when burned, marsh gas gives the same
results as the same volume of equal parts of hydrogen and
ethane.

Some experiments have been made to determine the com-
parative effects of various gases on the candle-power of
illuminating gas. These experiments were a continuation of
those of former years.*

The method of experimenting consisted in measuring the
gases through two small meters, which could be read accu-
rately to ten thousandths of a cubic foot, mixing the gases
and burning the mixture through Bray’s slit burners of such
a size (two to seven feet) and with such a pressure as were
thought likely to give the best result. Open burners were
used on account of their almost universal use by the ordi-
nary gas consumer. Care was taken to burn the naphtha gas
at such a rate with each gas experimented upon that the
actual readings of the photometer were nearly the same for
each mixture. The Methven slit was used as a standard in
all but the first series of experiments on air, when the stand-
ard candle furnished the unit of light. The slit was
standardized against candles. The results of the experi-
ments are given in the following table; —•

* See Gas Inspector’s Reports, January, 1883, January. 1885, January, 1886.



1888.] HOUSE —No. 70. 13

Naphtha Gas and Hydrogen.

S g i 'S 1°o « gg £ es u a *

tM c 3 V-i- fj* £ X £■< ti « 2 «c 5 n3 |.a S«a>P « J? E 3 a, CO c a 0,1, cjua, tt3 KIT P f2ij
= £ a o,« S «“3 «'••§.8 g S* ■§ ■§ ■s-f
3 fe a 3 § g«=Zi
C. C. M o o o

I100.0 0.0 2.13 14.8 | 34.7 84.7
90.3 9.7 2.52 16.8 ! 38.2 36.8
85.0 14.8 2.64 16.5 j 31.2 86.6
74.8 25.2 2.79 15.8 28.3 37.9
69.4 30.6 2.94 15.7 | 26.7 38.5
63.0 37.0 3.24 16.8 25.1 39.8
67.3 42.7 3.48 15.6 22.4 39.0
53.6 46.4 3.59 15.0 20.9 39.0
48.8 51.7 4.47 15.7 17.6 36.4
41.1 68.9 5.55 15.8 14.2 84.6
36.4 63.6 7.08 15.4 10.9 29.9

Naphtha Gas and Carbonic Oxide.

g £ =
"a y o

O o tZo > .CO u
. - ' £ =3 u 3 »

oP c . £ £ £ fc,?o £o gi gS ==-=CS|a Ha SO 1 S 7 £3 3J» jo Ch i c-c c. 5
C Sh op « «o °-'S

£ go ■g” c i 1P C « C 3 | 73 83
- PS o | o o

100.0 0.0 2.21 16.7 35.5 36.5
96.1 8.9 2.31 15.8 34.2 35.6
93-1 6.9 2.38 16.1 33.7 36.1
88.6 11.4 2.37 15.3 32.2 36.4
B*3 14.7 2.61 15.4 30.5 35.8
82.2 17.8 2.70 16.0 29.6 36.0
77.9 22.1 2.81 15.6 27.8 35.7
75.0 25.0 2.88 15.2 26.5 35,3
71-4 28.6 3.15 15.3 24.3 34.0
67-8 32.2 3.60 15.4 22.0 82.4
59-6 40.5 4.44 14.8 16.6 28,0
50.5 49.5 6.42 18.8 10.7 21.3
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Naphtha Gas and Air.

i i i I s i 6°Cjtjc > j o o
* V. I ■" T •- 5 1 t'u O O ac- o C S

I? ! | a~ £° 1 s||
=» s ! ■s £ • ; s«S o I oj ’H j « ■J-a
o S j 3 5• j 3 c«o

100.0 0.0 2.64 : 13.1 I 24.9 24.9
89.2 10.8 3.41 1 13.7 j 20.1 22.5
87.0 13.0 3.39 12.6 ! 48.6 21.4
82.2 17.8 3.70 12.3 16.6 20.2
78.6 21.4 8.65 s 11.0 j 15.1 19.2

100.0 0.0 2.04 | 16.6 ! 39.8 39.8
86.7 13.9 2.14 15.5 83.0 38.1
78.9 ! 21.1 2.70 | 15.9 29.6 37.5
74.0 I 26.0 2.62 i 14.3 27.3 36.9
06.7 33.3 3.15 ! 14.2 . 22.5 38.6

Two series were made with air as a diluent, two sam-
ples of naphtha gas being used, one of twenty-five candle-
power and one of forty candle-power. When about twenty-
one per cent, of air was burned with the poorer gas, the
actual value of the naphtha gas was reduced five and seven-
tenths candles, or twenty-two and three-tenths per cent.;
but with the richer gas and the same amount of air the can-
dle-power of the naphtha gas was reduced only two and
three-tenths candles, or five and nine-tenths per cent., show-
ing that the poorer the gas the more effect air has on the
illuminating power. With two parts of the richer gas and
one part air the value of the naphtha gas was reduced only
two-thirds as much as the poorer gas was with twenty-one
per cent. air. t

Carbonic oxide and hydrogen were next experimented
with, using as an illuminant a naphtha gas of moderate can-

dle-power. With carbonic oxide up to twenty-five per cent,

the effect on the illuminating power was a slight increase,
which reached a maximum of nine-tenths of a candle, or two
and one-half per cent., with eleven and four-tenths per cent,

carbonic oxide. With twenty-five per cent, carbonic oxide
the candle-power was about the same as though the naphtha
gas had been burned alone. When more than this percent-
age of carbonic oxide was used the candle-power decreased
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rapidly, and for forty-nine and a-half per cent, the value of
the gas was only twenty-one and three-tenths candles, show-
ing a loss of nearly forty per cent, for the second twenty-
five per cent of carbonic oxide.

With hydrogen the results showed that it could be added
to the naphtha gas with advantage until it formed more than
half the mixture. The highest result was obtained with
thirty-seven per cent, hydrogen, the increase in candle-
power being live and one-tenth candles, or fourteen and
seven-tenths per cent.

In these experiments carbonic oxide occupied an inter-
mediate position, affecting the illuminating value of the
naphtha gas but little, while hydrogen increases it in about
the same ratio that air decreases it. This is true only up to
a certain point, when an excess of any diluent causes the
illuminating value to drop rapidly.

The peculiar blue flame of pure carbonic oxide was easily
extinguished by a gentle fanning with the hand, while it was
extremely difficult to blow out a similar flame of hydrogen.

The present law established the minimum for illuminating
value at fifteen candles. lam of the opinion that this is too
low, and should be raised to sixteen candles. The lawr has
been in force nearly eight years, and during that time only
seven inspections have shown the gas to be below the fifteen-
candle limit. In other words, only once in about five hun-
dred inspections has the gas failed to reach the legal standard
for light; and these few failures were probably due to acci-
dents. As far as my information extends all other law's at
present in force, in either the United States, Canada or Great
Britain, which establish a standard of illuminating value for
gas, make it at least as high as sixteen candles.

This standard does not necessitate the use of any superior
variety of coal, or any change in the ordinary method of manu-
facture. Gas of less than sixteen candle-power does not satisfy
consumers, and any required quantity of light can be fur-
nished as cheaply by means of a sixteen-candle gas as by
the use of a lower grade. In fact, few of the companies in
the State manufacture a gas that averages below seventeen
candle-power. If a standard of sixteen candles should be
adopted, its probable effect would be that a few gas compa-
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nies would raise the average candle-power of their gas, and
abnormally low candle-powers would become less frequent.

The law also provides that a tine is to be imposed on a gas
company only on three consecutive failures to comply with
a certain standard. This compels the gas to reach the legal
standard only once in three inspections, and there seems to
be no good reason why so much variation from the standard
should be allowed.

However, it seems scarcely desirable to fine a company
for a single failure, as at times, through unavoidable acci-
dents, the gas might fall below the standard just when the
inspector appeared to make a test. If the law required two
consecutive failures before imposing a fine, this objection
would be avoided and still prompt attention to accidental or
other failures'would be required. lam of the opinion that
a tine should become due on two consecutive failures to reach
the standard.

If the law had been changed one year ago, according to
these suggestions and there had been no other changes, there
would have been, during the year, one fine for deficiency of
candle-power, no fine for sulphur, four additional fines for
ammonia, one additional fine for carbonic oxide and one for
sulphuretted hydrogen.

I have been efficiently aided in making the above inspec-
tions and experiments by the assistant-inspector, Mr. Charles
D. Jenkins.

Respectfully submitted,

CHARLES W. HINMAN.


