
No. 1425HOUSE

SPECIAL REPORT

OF THE

DEPARTMENT OF PUBLIC UTILITIES

RELATIVE TO THE

CAUSES OF THE EXPLOSION AT THE WORKS
OF THE SPRINGFIELD GAS LIGHT COM-

PANY ON FEBRUARY 1

1923

WRIGHT & POTTER PRINTING CO., STATE PRINTERS
32 DERNE STREET

April, 1923

BOSTON





Department of Public Utilities, April 2, 1923.

To the Honorable Senate and House of Representatives
The Department of Public Utilities acknowledges receipt

of a letter from the clerk of the House of Representatives,
dated February 14, 1923, transmitting a copy of the following
joint order:

C&e CommonUJcaltf) of

Whereas, On Thursday, February 1, an explosion or accident occurred
in the gas works of the Springfield Gas Light Company at Springfield,
whereby and in consequence of which employees of the company and other
persons were injured, rendered insensible or killed, and whereby vast prop-
erty damage was caused; and

Whereas, The Department of Public Utilities, under section 76 of
chapter 164 of the General Laws, “shall make all necessary examination
and inquiries and keep itself informed as to the . . . manner ” in which gas
companies are conducted with reference to the safety and convenience
of the public; and

Whereas, The Department of Public Utilities, under section 95 of
chapter 164 of the General Laws, “ shall personally investigate all ” acci-
dents, caused by gas manufactured or supplied by corporations, persons
and municipalities engaged in the manufacture or sale of gas, “requiring
investigation”; and

Whereas, The Department of Public Utilities, under section 77 of
chapter 164 of the General Laws, “shall make an annual report of its
doings under this chapter” to the General Court; therefore be it

Ordered, That the members of the Department of Public Utilities be
authorized and directed personally to investigate and report to the Gen-
eral Court as to the causes and circumstances of the aforesaid explosion or
accident, and such other facts relative thereto as the safety and conven-
ience of the public require; personally investigate and report to the Gen-
eral Court as to the manner in which the Springfield Gas Light Company
has been and now is conducting its properties with reference to the safety
and convenience of the public; and personally investigate and report to
the General Court as to compliance by the Springfield Gas Light Company
in the conduct and operation of its properties with the provisions of ex-
isting law; and be it further

Note. Plates referred to as in the Appendix were submitted but not
printed.
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Ordered, That the members of the Department of Public Utilities in the
conduct of such investigation and in preparation of such report be and
hereby are authorized and directed, as provided by statute, to hold hear-
ings, summon witnesses, administer oaths, take testimony, demand pro-
duction of all necessary books and papers, and employ such additional
expert and clerical assistance as may be necessary. Said report shall be
made to the General Court not later than March 1, 1923.

The order requested that the Department should make
report to the General Court not later than March 1, 1923.
The time in which the report should be made was later ex-
tended by a joint order of the Senate and House of Repre-
sentatives to April 2, 1923. In response to said order the
Department of Public Utilities reports as follows:

The explosion took place in the company’s purifier house,
which was located at the corner of State and Water streets in
the city of Springfield, at about ten minutes past 1 o’clock on
the first day of February, 1923.

Immediately upon receiving notice of the explosion Mr.
C. D. Jenkins, the gas engineer of the Department, repaired
to the scene of the accident and made such examination as
was then possible, and secured photographs of the premises
taken shortly after the accident and made a preliminary report
to this Department. Mr. Jenkins and Mr. Earl H. Barber,
the engineer of the division, have since made further examina-
tion of the premises and have made many studies and experi-
ments in relation to the causes of the explosion.

The Department, acting under authority of the order, also
secured the services of Dr. George A. Burrell of Pittsburg,
Pennsylvania, an expert of wide experience in the practical
study of explosives and ignition and of high standing in the
country. Dr. Burrell is a graduate chemical engineer of the
Ohio State University, and has receix'ed an honorary degree of
doctor of science from Wesleyan University. He was in charge
of gas investigations of the United States Bureau of Mines
from 1908 to 1910, and in 1917 was assistant to the Director
of the Bureau of Mines. He has studied explosives, poisons
and other properties of x-arious gas mixtures, including mine

gases, natural gases, pure gases and artificial gases, and has

published many publications for the Bureau of Mines on these
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subjects. In connection with his work for the Bureau of Mines
he visited many mines where explosions had occurred and
participated in large-scale explosion experiments both in and
out of mines. He was in charge of the research work on chemi-
cal warfare problems for the army and navy during the Great
War, and had the rank of colonel in the Chemical Warfare
Service, having under his charge some 1,500 technologists in
the work. For this work he received a distinguished service
medal. In 1917 he located the supply of helium for the army
and navy and started the ■work which led to the extraction of
this gas for dirigible balloons from natural gas.

The facts and evidence obtained by the Department were
submitted to Dr. Burrell for his consideration, and he has also
made an inspection of the plant where the explosion took place.

The members of the Commission of the Department have
personally inspected the scene of the explosion and have ex-
amined, under oath, all known witnesses whom it was believed
might throw any light upon its causes.

The order requests us personally to investigate and report
as to three matters;

1. The causes and circumstances of the explosion or acci-
dent, and such other facts relative thereto as the safety and
convenience of the public require.

2. As to the manner in which the Springfield Gas Light
Company has been and now is conducting its properties with
reference to the safety and convenience of the public.

3. As to the compliance by the Springfield Gas Light Com-
pany, in the conduct and operation of its properties, with the
provisions of existing law.

We discuss these requests in their order.

As to the Causes and Circumstances of the Explosion
and Such Other Facts relative thereto as the Safety
and Convenience of the Public Require.

The purifier house was a structure 224 feet long, 62 feet
wide and 25 feet high to the eaves. It had brick walls, a
concrete floor at the ground level and a slated gable roof sup-
ported by 2-inch planking over wooden trusses. There were
35 ventilators along the peak of the roof. The inside of the
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building was open except for an operating floor around the top
of the purifier boxes which reaches heights of from 12 to 18
feet in different parts of the building. The general design of
the building and the arrangement of the apparatus which it
contains is shown in the three drawings of Plate 1 annexed in
the Appendix.

There were two modifications of the general form of the
building to which special attention is directed here on account
of their importance in the following discussion of the probable
causes of the explosion, the penthouse and a double-track
trestle. The penthouse projected above the peak of the roof
about midway in the length of the building, and housed the
electrical and mechanical machinery necessary for the opera-
tion of the two elevators in the purifier house on either side of
the penthouse. The double-track trestle started at the com-
pany’s coal yard, some distance to the southeast of the purifier
house, ran through the purifier house at about the level of the
eaves, and continued to the retort houses across State Street to
the north.

In the elevation of the purifier house in Plate 1 the pent-
house is seen projecting above the roof of the purifier house
with the trestle directly under it shown as a tunnel passing
through the main building. In the longitudinal section of Plate
1 the enclosed trestle is shown in section with its supporting
trusses, and also the penthouse which is supported on the
trusses of the trestle and is enclosed from the interior of the
purifier house.

In the purifier house were located fourteen purifier boxes,
arranged in units numbered A, B, C and D. Units A and B,
being constituted of twr o and four boxes, respectively, were
used for water gas only, and were of the type known as dry
lute seal boxes, and may be eliminated from any discussion in

this report, as the explosion in no way resulted from water gas.
These boxes were located in the westerly end of the purifier
house, that is, the portion of the purifier house farthest away
from Water Street. Unit C consisted of four boxes of the dry
lute type. These boxes were used to purify the coal gas, and
when the gas contained the normal amount of sulphur this unit
only was used. When a larger amount of sulphur was con-
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tained in the gas, the unit known as unit D, comprised of four
water seal boxes, was used as auxiliary to unit C to take out
the abnormal amount of sulphur. These boxes were constructed
in 1895. Unit D was being used in connection with unit C
on February 1, at the time of the explosion, and had been used
in this connection for several months. Unit D was so arranged
that but three boxes could operate at one time. At the time
of the explosion boxes 2, 3 and 4 were in operation. Between
the boxes was a seal through which the gas passed before
entering each box. The construction of this seal was such that
when three boxes were in operation the fourth was cut out.
The construction of the seal, together with its location in refer-
ence to the boxes, is shown in a diagram in the Appendix
marked Plate 6 and at Mon Plate 1. The gas coming from unit
C passed first into box 2 of unit D, then out of box 2 and into
box 3, then out of box 3 into box 4, from which it passed into
the pipe which conveyed the gas to the station meter, and
through the station meter to the holder. These three boxes
were sealed with water. The boxes were so constructed that
their covers could be removed to permit the renewal of ma-
terial for purifying the gas. The material which the company
used was iron oxide (hydrated sesqui-oxide of iron), lightened
with wood shavings. The boxes were 32' x 20' x 3' 6". The
cover of a box is removed by raising it with a crane, and when
restored an apron of the cover goes down into a seal cup which
contains water. A sketch showing the construction of the box
and cover is contained in Plate 4in the Appendix. When the
top is in place the water on the inside of the seal cup must be
pressed down to the bottom of the apron before the gas can
escape. Ordinarily when gas is being manufactured and sent
through the system the pressure of the gas is not sufficient to
push the water down, so that the gas will escape unless the
water is allo-wed to get low in the seal cup. We believe that the
primary cause of the explosion was the escape of gas through
the water seal of box 3, forming an explosive mixture of air
and gas in the purifier house which became ignited.

The evidence all points to the conclusion that the gas began
to escape out of this box at or shortly after 1 o’clock p.m.

The first man to discover the leak was Carmello Cavallo.
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Carmello Cavallo, shortly after the whistle blew at 1 o’clock
entered the purifier house from a door leading from State
Street. As is indicated by exhibits hereto attached, the puri-
fier boxes were installed about 11 feet above the street floor
and were supported on iron pillars and girders. Between the
boxes and supported by the girders was a wooden floor. Cavallo
entered upon the street floor, and his attention was immedi-
ately attracted to water running down the sides of box 3 and
falling upon the street floor. Thereupon he immediately
notified Thomas Spagna, the foreman of the purifier house.
Spagna, together with Carmello Cavallo, Paul Fimognosi,
Joseph Cavallo and Vincent Pezzolano, immediately went to the
second floor, upon which were the purifier boxes. There is
evidence that at this time water was coming out of the box
and the gas was escaping from the northeast corner. Under the
direction of Spagna, wr ater was poured into the seal from a
hose, a key or wrench, used upon the center seal to cut out a
box, was affixed to the gearing of the center seal, iron pipes were
slipped over the handles of the key or wrench to give greater
leverage, and an attempt xvas made to cut out the box. Mean-
while, four windows in the northeast corner of the building were
opened, two on Water Street and two on State Street.

.Spagna testified that as the center seal was moved the gas
began to come out of the seal of the box near the men. When
the center seal had been turned about one-eighth of the dis-
tance required to cut out the box, fearful that the men might
be overcome by the gas, he ordered them to desist and to go to

the door for air while he secured more help. Spagna then sent
for additional help, and in response to his request Guiseppe
Catestimini and Guiseppe DiGori came in from the yard. The
men then went back to the seal, five of them, namely, the two
Cavallos, Pezzolano, Catestimini and DiGori, took hold of the
pipes which were placed upon the handles of the key or wrench,
and Fimognosi stood on the pipes connecting box 4 with the
seal, holding up a “dog” which was used to keep the seal in
place when it was turned so as to cut out the box. To gam
* . (( l ))

access to the pipes on which he stood and to the aog,

Fimognosi had opened a trapdoor in the floor. Spagna stood
between boxes 1 and 4, his body facing somewhat toward Water
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Street, looking at an arrow which was located on the top of the
seal and which indicated when the seal was in place for the
“dog” to be let down. He stood in such a position that the
left side of his face was more exposed than the right side to
the force of a flame coming from the direction of the arrow or
from the direction of the key or wrench. That this arrow
might be seen, an iron cover about 8 to 10 inches in diameter
in the floor had been removed. Spagna remembers saying to
the men after they got into position, “Go ahead, boys, go to
it,” or “Come on, boys, all together,” or words to that effect,
and that immediately after the explosion took place. He
remembers nothing thereafter. Spagna was burned in the face,
more severely on the left side than on the right side. He wore
khaki trousers which were burned somewhat on the front of
the legs, although the remainder of the trousers seemed to
escape any injury. The left leg appears to have been burned
slightly more than the right. As Spagna said “Boys, go to it,”
the men applied force upon the pipes upon the hand'es of the
key to turn the seal.

A chart taken from the recording pressure gauge in the
station meter room indicates that the pressure at the meter
was substantially the same from 12 o’clock to 1 o’clock P.M.,
then increasing slightly, and then running down to a pressure
of 12 to 13 inches, where it remained fairly constant at about
the holder pressure for a few minutes, and then the gauge
ceased to operate. The fact that the water was running down
the sides of the box on to the first floor when the leak was dis-
covered by Cavallo, together with the fact that water was
coming out of the seal when the men first went to the second
floor, coupled with the fact that there was no change in the
pressure at the meter between 12 and 1 o’clock, other than a
slight increase, seems to indicate plainly that the leak in the
box did not begin until after 1 o’clock. It is quite obvious that
if the gas began to leak in any volume through the seal of box
3 prior to 1 o’clock it would be reflected in the pressure on
the meter in the station meter house, because there would be
less gas arriving at the meter than there would be under normal
conditions. That the gas was coming through in normal quanti-
ties during this period is indicated by the pressure chart in the
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exhauster room, showing that the pressure at the exhauster
which is regulated automatically by the flow of the gas from
the retort house, remained substantially the same from 12 to
1 o’clock, when there was a slight increase. It would seem
necessarily to follow that with the pressure normal at the ex-
hauster any substantial leak occurring in the system between
the exhauster and the meter station would be immediately
reflected in the pressure at the meter. Photographic copies
of the two charts are contained in the Appendix.

If our conclusions are right it would seem to follow' that the
gas was escaping from the purifier box for a maximum period
of about ten minutes. The quantity of gas being made at the
time was in the vicinity of 110,000 cubic feet an hour. This
gas would not mix with the air in the purifier house with
uniformity, nor, in all probability, did it all remain in the
purifier house until the time of the explosion; being .4 the
weight of air it would naturally rise, and over that part of the
purifier house that contained the box there W'ere 11 ventila-
tors, each .30 inches in diameter. Moreover, when the men
first went into the purifier house they opened some of the
window's. Most of the gas that escaped from the box, in all
probability, remained in that part of the purifier house that
was east of the trestle, that is, the portion of the house nearest
Water Street. We are of this opinion, as the trestle formed a
partial obstruction to the passage of the gas to that portion of
the purifier house w'est of the trestle. Notwithstanding the
amount of gas which escaped, undoubtedly sufficient remained
to form an explosive mixture, particularly near the point of its
exit from the purifier box, and probably a mixture near the
point of exit upon ignition wmuld cause a very violent explosion.

The cubic contents of the purifier house wr ere approximately
500,000 cubic feet. From this should be deducted the space
occupied by the boxes, which is 56,000 cubic feet. As gas rises,
the probability is that little or no gas found its way under the
floors, so that the maximum space in the purifier house where
the gas w xas present with air was approximately 277,000 cubic
feet. If we assume that all the gas passing to the box between
1 and 1.10 escaped, there escaped approximately 18,000 feet.
This, mixed uniformly throughout the purifier house, would
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give a proportion of gas to air of approximately 6.5 per cent
gas and 93.5 air. Experiments have shown that a mixture such
as this would not create a violent explosion, and, in fact, it is
doubtful if it would ignite. It is unlikely that gas was uni-
formly mixed with the air throughout the purifier house. As
lias been stated before, the trestle undoubtedly tended to re-
strict the passage of the gas to the westerly part of the purifier
house, with the consequence that the percentage of the gas
mixed in the air in the easterly part of the purifier house was
considerably increased, so as to result in an explosive mixture.
To create an explosion of such violence as occurred indicates
that at the point of explosion the mixture contained about
15 per cent of gas. This does not mean that the mixture in
the easterly section of the purifier house was uniform.

The cubic contents of that portion of the purifier house
easterly of the trestle and above the floor at the purifier boxes
was approximately 112,000 cubic feet. If all the gas had stayed
in this area and mixed with the air there would have been a
mixture of 16.3 per cent gas and 83.7 per cent air. These
percentages should be modified to allow for the escape of the
gas through the ventilators and the windows. Again, it is
probable that less than 18,000 cubic feet escaped from the
purifier box.

We believe that the ignition took place through some human
agency; otherwise we must say that the explosion would have
taken place whether men were in the purifier house or not.
Ignition from some spark from outside the house which then
traveled into the explosive mixture is too remote for considera-
tion. The creation of an electric spark of such intensity,
through condensation or contact of electrically dissimilar sub-
stances, we think, in view of the facts, improbable. The
United States Weather Bureau reports indicate that the wind
generally throughout Massachusetts at the time of the ex-
plosion was blowing from a general northerly direction at a
velocity of about three miles per hour, which indicates that the
wind was of such slight velocity *as to have little or no effect
as a cause of the explosion.

We now take up a consideration of what might have created
heat sufficient to have ignited the gas. Illuminating gas is
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quite easy of ignition, and requires a less intensity of heat than
the gas given off by gasolene or products of petroleum, contain-
ing as it does a higher hydrogen content. Several sources of
ignition are possible and not improbable. To quote from Dr.
Burrell’s report to us:

objects striking against each other.Sparks are caused by two hard
The concussion does two things:

1. It produces heat and sometime:
one of the hard objects.

dislodges a small or minute piece of

2. This minute piece is heated, f
friction of the two objects striking t
usually losing most of its heat (goe
ground.

requently red or white hot, by the
ogether, and it flies through the air,
s out) before it strikes the floor or

Some of the men wore shoes with leather heels containing
nails. Working on gravel and dirt, particles of stone become
embedded in a leather heel, and in working even upon a wooden
floor these particles of stone may become detached from the
heels, and, coming in contact with an iron nail with sufficient
force to create friction, may result in a spark of sufficient
intensity to ignite a gas mixture. The same result may follow
from the striking of these particles of stone or grit against iron
or any substance hard enough to create the necessary friction.
There were places in the floor where there was iron which might
have been so struck. Thus, the key fitted over a squared stem
of a pinion, the stem being located in an iron receptacle with a
cover in the floor. When the cover was removed it exposed
the squared stem of the pinion over which the key or wrench
fitted. The top of this receptacle was. about 14}4 inches in
diameter, and the rim was flat, flush with the floor and 2
inches wide. This made in effect a ring inches in diam-
eter and 2 inches in width, flush with the floor. Moreover,
there was a ring for the cover of the top of the seal where was
located the indicator. This ring was about 8 inches in diameter.

Another possible source of a spark of sufficient intensity to

ignite the gas mixture was where the key or wrench fitted over
the pinion stem. There was some play to this, and if grit
or small particles of stone got between the key or wrench, and
the pinion stem when the pressure was applied a spark might
have resulted.
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Another source of the generation of heat sufficient to ignite
the mixture was the use of the iron pipes upon the handles of
the wrench or key. The inside diameter of the pipes was con-
siderably larger than the outside diameter of the handles of the
key, making for considerable play, and thus making a fruitful
source for a spark by the pipes slipping upon the handles of the
key or wrench when force thereto was applied. It is contended
by representatives of the company that a spark could not be
created by the friction of the pipes and the key handles, for
the reason that they were both of similar kinds of iron. In our
examination and investigation of the premises we were unable
to ascertain with exactness the type of pipe used, as no one
appeared to know where the pipes were. As a consequence we
are unable to state the similarity of the character of the iron
of which they were made to that of the key. We are able,
however, to state that there was considerable play between
the pipes and the key handles, as this is indicated from photo-
graphs taken immediately after the explosion, and it is cor-
roborated by the men who were engaged in attempting to oper-
ate the seal. Whatever the character of the iron, if grit or
small particles of stone got inside the pipes or on the key
handles a source of spark was present.

Another possible source of ignition was from a match which
may have fallen from the pocket of one of the men at work and
become ignited by one of the men stepping upon it. Matches
were found in the pockets of the clothes of two of the men.
There is no evidence whatever that any match was inten-
tionally struck, and all the evidence indicates that none of the
men were smoking at the time they were called into or during
the time they were in the purifier house. Moreover, the in-
tensity of the heat from this source ordinarily would not be
sufficient to ignite the gas mixture.

Another possible cause of ignition was a spark from the
mechanism of an electric motor in a penthouse located at the
top and near the center of the purifier house. While this is
possible, we deem it improbable. Undoubtedly a spark was
caused in the penthouse upon the starting and stopping of the
elevator. This penthouse was built in 1917, some three years
subsequent to a trestle being built through the top of the
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purifier house to carry a railway. In the construction of this
trestle care was taken to make it gas-tight, for the reason that
at the time it was first constructed the railway was operated by
electricity through a third rail. This third rail was abandoned
prior to the construction of the penthouse. The construction of
the trestle was as follows:

The trestle was a steel structure with a plank flooring under
two lines of railroad tracks. The trestle proper consisted of two
trusses of the Warren type 6 feet high and spaced 15 feet apart.
The floor beams consisted of 12-inch steel I-beams resting on
the lower cord of the trusses, and supported four longitudinal
stringers consisting of 6-inch I-beams under the four rails of the
railroad tracks. The plank floor was carried on longitudinal
timbers resting on the four steel stringers and on longitudinal
timbers attached to the web members of the truss.

This describes the structural characteristics of the trestle in
general, but where it passed through the purifier house with its
floor at the general level of the eaves it was sheathed at the
sides and top, and also special precautions were taken with the
construction of the floor so as to box in the railway and form
a tunnel through the purifier house which would be tight
against leakage of gas from the interior of the building. The
special features designed to insure tightness are shown in detail
on the drawing of the longitudinal section through the purifier
house and of the cross-section in the purifier house shown on
Plates 2 and 3, respectively. Referring to Plate 2it will be seen

that the floor of the trestle rested on the walls of the purifier
house and separated the bottom of the trestle or tunnel from

the purifier house, and that the sides where they projected down
below the roof line of the purifier house had been sheathed for
the same purpose. Details of the flooring and side sheathing

are shown on the cross-section on Plate 3. The floor con-

sisted of a layer of 2-inch plank at the bottom, a second la.'er
of 2 and 3-inch plank on the top, and between these two
courses of plank three layers of tarred roofing felt-lapped and
mopped with hot pitch. The sides were sheathed with two
thicknesses of |-inch matched sheathing fastened to longitu-
dinal nailing timbers bolted through members of the steel
truss, and also clinch nailed to each other with broken joints.
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It was the intention of this special construction to separate
the trestle from the purifier house where it passed through it
by tight partitions.

We think it extremely unlikely that gas would have escaped
through the floor or partitions of the trestle and then through
a trapdoor which led from the trestle to the penthouse in such
quantities to make a mixture sufficiently rich to ignite by a
spark, even though the gas had been escaping for an hour or
more. One is led to inquire in this connection why, if an ex-
plosive mixture were present in the penthouse, it was not
ignited when the elevator was started.

We conclude that the ignition probably occurred when the
men were engaged in turning the center seal. We are con-
firmed in this view by the fact that the explosion was coin-
cident with the application of pressure upon the pipes over the
handles of the key or wrench. Moreover, the fact that Spagna
was burned more intensely on the side of his face that was
nearer to the seal indicates that the force of the flames came
from that direction. Little light is thrown upon the origin of
the ignition by the burns received by the other men.

Plates attached to the report indicate the location and the
construction of the trestle. If the gas had escaped through
the door from the purifier house into the trestle it would have
sought the avenue of easiest escape, which would be immedi-
ately out of the trestle and not in the direction of the pent-
house. Any considerable amount of gas, therefore, which
entered the penthouse must, in our judgment, have traveled
directly from the inside of the purifier house into the penthouse
at the place where the sides of the penthouse came down inside
of the roof of the purifier house.

The company presented witnesses who testified before us that
the construction was such that gas to any considerable quantity
could not enter the penthouse from this source even though a
great volume of gas had escaped into the purifier house. It
was testified that the penthouse had been so constructed that
the bottom of the sides, which were made of corrugated iron,
were embedded in a cement floor, which, together with the
cementing of the joints of the corrugated sides, which were
lapped at least 4 corrugations, sealed all apertures through
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which gas could enter the penthouse; and that holes made
through the sides to permit the operation of the shafting which
operated the elevator were made tight by felt packing boxes.
If the construction was as the witnesses testified we would
agree with the company that it was practically impossible for
gas, in sufficient quantities to ignite, to enter the penthouse,
whatever the quantity escaping from the purifier boxes. How-
ever, we are not satisfied from our examination that the lower
edges .of the corrugated sides were embedded in cement and
adequately and thoroughly sealed. Whether they -were sealed
or not does not affect our judgment that it is improbable that
the ignition took place in the penthouse. The penthouse was
located some 60 feet away from the nearest point of exit of
gas from the purifier box. Assuming the gas was escaping for
a space of not more than ten minutes, as we believe to be the
fact, we are of tbe opinion that gas in sufficient quantity would
not pass along the roof by eleven open ventilators and thence
into the penthouse, which had two ventilators 36 inches in
diameter, without dampers, and make an ignitahle mixture.
Moreover, it was testified by Dennis E. O’Herron, the electrical
engineer at the plant, that the windows in the penthouse were
attached at the top by hinges, and that each was kept open at
the bottom 4or 5 inches by blocks. We believe that to have
had gas in such quantities in the penthouse that a mixture was
present near the floor of the penthouse, where the motor was
located, containing in excess of 8 per cent which is necessary in

order that the mixture will ignite, gas must have escaped for a
longer period than ten minutes. We are advised by Dr. Burrell
that under such conditions carbon monoxide would be present
in such quantities as to make it probably impossible for men to

work at the seal for a period of one minute.
WTe believe that the explosion which created the damage took

place in the purifier house. That it did not take place in the
penthouse is indicated by the fact that the control panel for
the elevator located nearest to box 3 was blown in violently
and in a direction away from box 3, while the panel which
controlled the elevator on the other side remained in position,
the force of the explosion apparently affecting it in no way.
Moreover, the corrugated iron which constituted the side vail
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of the penthouse nearest to box 3 was blown inward, that is,
away from Water Street. During the period the gas was
escaping the assistant foreman, Mr. Ernest Nelson Hibbard,
went to the purifier house, ascended in the elevator nearest
the railroad track, and stopped the elevator at the second floor
by pulling the control rope. He testifies that he then raised
the elevator gate, stepped out and started towards the place
where the men were at work. He then saw that the gate had
jammed, turned back and pulled the gate down and then pro-
ceeded towards unit D. He recalls stooping to go under a
crane track that was located under the trestle shown on Plate 1
and marked “N,” and he states that to the best of his recol-
lection he was at the end of the purifier boxes in unit C,
around which he was obliged to walk to get to a stairway
leading to the level of unit D, when the explosion took place.
He recalls that after the explosion he came down along the
edge of the wall of the purifier house on State Street which
formed some irregular steps caused by the blowing out of the
wall east of the trestle. The explosion caused the trestle to
drop down so that it rested on the top of the boxes, which
proves beyond question, if his testimony is correct, that he
walked dowr n the edge of the wall, east of the trestle; that is,
he had got beyond the trestle towards Water Street at the
time of the explosion. To pull the rope which stopped the
elevator and do what he said he did before the explosion took
place must have taken at least, in our judgment, fifteen seconds
of time. This seems inconsistent with any explosion resulting
from the ignition of a gas mixture in the penthouse. If a gas
mixture -was ignited in the penthouse it must have been at the
time Hibbard pulled the rope. If the gas wr as in sufficient
quantities in the penthouse to ignite, it must have been in far
richer quantities in the purifier house itself, and when the flame
reached the gas in the purifier house it would travel with
terrific velocity. Consequently, if a spark in the penthouse
ignited the gas, so far as measurement of time is concerned
between the spark and the explosion it would be the time that
it would have taken the flame to travel from the point of
ignition at the motor to the purifier house, which was a matter
of about 10 feet. We believe, therefore, that if ignition took
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place in the penthouse Mr. Hibbard could not have done what
he says he did. If such electric spark was the cause of the
ignition Mr. Hibbard would probably have not had much more
than time to have pushed up the gate and pulled it down
before the explosion occurred.

We do not think it could have originated from the electric
lighting wiring or fixtures. The switches for the lights w'ere
located outside of the house, the wires were encased in metal
tubing and the lamps in vapor-proof globes.

We now proceed to discuss the cause of the escape of the
gas from the box. To convey the gas after it had passed
through the purifier boxes to the holder of the gas company,
which was located on property on Howard Street, a distance of
about a half a mile, required a pressure of more than 13 inches.
By this is meant a pressure of gas which would sustain a
column of water 13 inches high. To push the gas through the
boxes requires an additional pressure because of the resistance
to the passage of the gas through purifying material. As the
gas coming from the exhauster was obliged to pass through four
dry lute boxes and thence through three water seal boxes, and
also, prior to passing through the boxes, was obliged to pass
through a condenser, tar extractor and an ammonia scrubber, a
much higher pressure was required at the exhauster than at
the meter station.

The chart indicates that the pressure at the exhauster be-
tween 12 and 1 o’clock was approximately 35 inches. As the
gas passes through each succeeding obstruction to its passage
the pressure of the gas diminishes, and thus the chart at the
meter station indicates that during this period the pressure was
approximately 18 inches at the meter. We believe that under
normal conditions approximately 1 inch of pressure was ab-
sorbed by each box in unit D, so that when the pressure was
18 inches at the meter station the pressure on the seal of the
first box would be approximately 20 inches. This results from
the fact that the pressure on the seal is after the gas passes
through the purifying material. As the boxes were engaged the
first box was number 2, which would make the pressure at the
seal in box 3 under normal conditions about 19 inches. These
estimates are subject necessarily to some modification, for the
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reason that the meter chart may not have registered with abso-
lute accuracy, and the absorption of pressure by each box
varies according to the condition of the purifying material and
the rate at which the gas is passing through the purifiers. We
were unable to check the pressures, for the reason that the
gauges were destroyed by the explosion. We are, however, con-
vinced that the pressure at the meter was about 18 inches, for
the reason that the pressure at the holder was 13 inches and it
required about .5 additional inches of pressure to put the gas
through the meter into the holder. If each of the boxes ab-
sorbed 1 inch of pressure, there could have been an additional
seal available of only 4 inches in the first box through which
the gas passed, and an additional seal available of only 5 inches
in box 3. In the practical operation of the boxes these amounts
of seal would probably not be present, as the covers of the
boxes were so arranged that they could rise under pressure to
the extent that clamps holding them would allow. The clamps
permitted the boxes to rise about an inch. Thus the seals of
the boxes would be reduced in each instance 1 inch. The
boxes when originally built and employed were used in con-
nection with a gas holder having a holder pressure of but 7
inches. When the present holder was constructed the pressure
was increased by 6 inches, which automatically reduced the
seals of these water boxes in unit D by 6 inches. Certain other
companies in the State, where the margin has become so small
by reason of the construction of larger holders, have increased
the seals of purifier boxes by adding a substance to the water
which gives it a greater specific gravity.

Engineers connected with the Department have made care-
ful examinations of the purifier boxes. There appears to have
been no obstruction in the pipes at the time of the explosion,
and the material in the boxes appears to have been in such
condition as to cause no serious obstruction to the passage
of the gas. The engineers found in box D 3 two leaks in the
seal cup. One leak, although apparently of long standing, was
of such minute proportions that no appreciable amount of
water would have escaped between the hour of 12 and the
time of the explosion. The other leak was a substantial crack
on the Water Street face of the purifier. The crack began at
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the bottom flange with an opening of one-quarter inch ex-
tended upwards and ended about 6 inches below the top of the
cup, as shown by the details on Plate 5. This crack was large
enough to eliminate a substantial amount of water in a short
period, and it became important, therefore, to determine if the
crack had been caused by a subsidence of the supporting struc-
ture prior to the time of the explosion, or if the crack was part
of the destruction resulting from the explosion. The cover of
the purifier was considerably damaged. There were a number
of holes punched or torn, evidently occasioned by falling
wreckage, and between the stiffening members there were
bulges. These bulges, considered with the fact that many of
the lines of riveted joints had opened, indicated an internal ex-
plosion. As the bottom of the box would be unaffected by fall-
ing wreckage, a detailed examination was made of its condition
and of the structural members which supported it.

As will be seen by the drawings on Plate 5 the box is sup-
ported around its periphery and longitudinally through the
center by lines of 8-inch steel beams. With the exception of a
slight deflection in the medial beam near the Water Street end
the main supports were found to be in alignment. This indi-
cated that the crack in the face of the purifier was not due to
failure of the supports, either prior to the explosion or as the
result of the wreckage thrown upon the top of the box. Two
longitudinal 5-inch beams intermediate between the lines of
8-inch beams were severely distorted and thrown out of align-
ment. Their distortion on the Water Street end of the box
allowed a downward movement of the cast-iron sections com-
prising the bottom of the box of about 2 inches. Between these
intermediate beams and the main beams there were well-de-
fined cracks running longitudinally which permitted a further
downward movement of perhaps 2 inches. There being no load
to be supported on the bottom of these boxes except the slight
weight of the layer of exide, it is evident that the failure of the
bottom plates was the result of an internal explosion in the
purifier box. The large holes punched in the cover would ghe
adequate opportunity for the admission of the necessary air

to form an explosive mixture.
It will be seen that the long longitudinal crack in the hot-
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tom of the box to the left of the center line coincides with the
position of the crack in the Water Street face of the purifier
and in the cup. Therefore it is concluded that the fracture in
the cup was caused by an internal explosion of the purifier
box subsequent to the explosion which destroyed the building,
and that the seal cup prior to the explosion was intact.

If all the seal cups had been filled to a uniform height, one
would expect a leakage of gas through the seal at box 2 before
any leakage at box 3, for the reason that the seal of box 2
was less than that at box 3. Employees of the company
testified that the seal cups of the boxes were regularly filled
with water, and one of the employees stated that the seal cup
of box 3 was completely filled wdien he left at 12 o’clock to go
to his dinner. At 1 o’clock employees in the retort house made
preparations to charge a number of the incline retorts in the
retort house. They had charged at least two of the number
at the time the explosion took place. Both the chart at the
exhauster and the chart at the meter indicate a slight increase
of pressure shortly after 1 o’clock.

We conclude that the cause of the gas escaping from the seal
of box 3 was by reason of the smallness of the seals under the
conditions under which the plant was being operated, coupled
with an increase in pressure occurring shortly after 1 o’clock,
caused by the increased flow of gas by reason of the fresh
charging of the incline retorts referred to. The fact that the
increased pressure shortly after 1 o’clock is indicated in both
the charts at the exhauster and meter seems to preclude the
theory of a change in the resistance in the line. This leakage,
producing an explosive mixture, ignited in one of the ways
previously considered, was the cause of the explosion.
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As to the Manner in which the Springfield Gas Light
Company has been or now is conducting its Property
with Reference to the Safety and Convenience of
the Public.

Except to the extent before indicated we have no adverse
comments to make as to the manner in which the Springfield
Gas Light Company has heretofore or now is conducting its
business with reference to the safety an; d convenience of the
public.

A public hearing was advertised in the Springfield papers
to be held at the Mahogany Room of the Municipal Building,
in the city df Springfield, on February 21, 1923. While quite
a number of people attended the hearing, and frequent state-
ments were made by the Commissioners of the Department
that they were there prepared to hear any one who might
have anything to say in relation to the subjects of the inquiry
contained in the order, no one offered any testimony or evi-
dence as to whether the Springfield company had been or was
conducting its business, with reference to the safety and con-
venience of the public, or as to its compliance with the pro-
visions of law.

Our examination seems to show that the company has been,
on the whole, progressive in the adoption of new and improved
methods in the manufacture and distribution of gas, and that
its plant has been maintained in an adequate and efficient
condition.

We are not prepared to recommend that water seal boxes be
prohibited in this Commonwealth. The dry lute box is the
result of a desire for a deeper box. This box probably can be
made at less expense than a wet seal box of the same capacity.
There is a tendency in the Commonwealth toward its adoption.
Many companies use the dry lute type of purifying box en-
tirely and some use both types. On the other hand, there are
many companies, notably the Boston Consolidated Gas Com-
pany, which use water seal boxes only. There is some difference
of opinion among experts as to the advantages of one over the
other. If the seal of a water seal box is kept large enough there
does not appear to us to be much more danger in its use than



1923.] HOUSE No. 1425. 23

in the use of the dry lute box. It is true that if an obstruction
takes place in a wet seal of a substantial character it may make
a back pressure on the gas sufficient to blow the wet seal. If
dry seal boxes are being used the gas is released through a wet
seal distinct from the boxes, which can and usually is ventilated
to the roof. A like arrangement can be made in connection
with the water seal boxes by providing for an auxiliary seal
with less additional seal available than in the boxes, so that
upon obstruction the gas would discharge through the auxiliary
seal rather than through the wr et seal of the boxes. On the
other hand, a leak may result through imperfections in the dry
lute, and there have been instances where accidents have taken
place through the use of the dry lute box where it would not
have taken place if the wet seal box had been employed. So
far as the use of dry lute seals is concerned, the Springfield
company made use of this type of box as soon as most of the
larger companies of the State that have installed them. It
first installed dry lute boxes in 1908, and with the exception
of times when the gas contained unusual quantities of sulphur,
that type of box has been used entirely since 1915.

With reference to the particular purifiers in Springfield which
were involved in this accident no action is required, because
they have been broken up and will not be replaced.

As to the Compliance by the Springfield Gas Light
Company, in the Conduct and Operation of its Prop-

erty, with the Provisions of Existing Law.
Our examination has disclosed no violation of law' by the

company in the conduct and operation of its properties, with
the exception that on some occasions the inspectors of the
Department have found the heat value and the purity of the
gas below' the standard required by the law of this Common-
wealth. Under the provisions of sections 109 and 110 of
chapter 164 of the General Laws, if the gas is found, on three
consecutive inspections or three inspections made within a
period of thirty consecutive days, upon such averaging of in-
spections as the Department may prescribe, to be below the
standard of purity fixed under section 109 or the calorific
standard fixed under section 107, unless such defect is, in the
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opinion of the Department, due to unavoidable cause or acci-
dent, such company shall be liable to a forfeiture of 5100 which
may be recovered by an information in equity brought in the
Supreme Judicial Court by the Attorney General, at the rela-
tion of the Department.

On no occasion have the violations been such that the com-
pany was subject to a fine.

C(INCLUSIONS AND RECOMMENDATIONS.

In the preceding pages we have stated that gas escaped from
the purifier box known as box 3, causing an explosive mixture
of gas and air in the Water Street end of the purifier house,
and that the mixture exploded coincident with the workmen
starting, for the second time, to turn the center seal. We have
also discussed various possible means by which the mixture of
gas and air in the building could have been ignited, and al-
though stating which of these in our opinion was the most
probable cause, we have noted that a consideration of all the
evidence does not enable us to find definitely in this respect.

Our investigations lead us to make the following recom-
mendations to be adopted by the gas companies of this Com-
monwealth :

Companies should so design and regulate apparatus which is

housed that gas will not accumulate within the buildings.
Complete preparation should be made to deal with unexpected
accidents which may result in an explosive mixture in a con-
fined space. When, by any accident, gas does so escape it

•should instantly be reported to the manager of the plant and
receive his immediate attention.

We recommend that gas companies require their employees,
while working in enclosed purifier houses, to wear rubber-soled
boots or shoes, free of nails.

We recommend that each unit used in the purification of
gas be equipped with a device by which the gas can be easily
shut off from the unit by one man.

We recommend that, wherever it is necessary to emplo,'
hoisting machinery or elevators in a purifier house, other than
electric power be employed, and if this is not feasible, that the
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electric motor should be installed in a building separate and
distinct from the purifier house.

We recommend that, so far as possible, tools and appliances
should be adequate in size for the purpose for which they were
designed and without resort to supplementary devices to operate
them.

Respectfully submitted

HENRY C. ATTWILL,
EVERETT E. STONE,
HENRY G. WELLS,
LEONARD F. HARDY,
DAVID A. ELLIS,

DEPARTMENT OF PUBLIC UTILITIES

Commissioners








