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Question Box

. H. T. HARTMAN, Edstor

 Seldom was ever knowledge given to keep, but to smpart.”
HALL



INTRODUCTION

I feel that the association is to be comgratulated on the
interest so generally manifested and so gemerously expressed
by the gentlemen who have taken the time and trouble to reply
to the many inquiries comprising the Question Box for 1904.

Few of the many advantages offered to central-station men
by this association are of such gemeral and far-reaching benefit
as is the Question Box, to which every member can contribute
his part, either in the form of a question or an answer on some
point involved in his own particular line of work. There is too
great a tendency in such organizations as this to depend on
others for results, and all the labor generally falls upon a
devoted few who are willing to sacrifice their scanty leisure for the
benefit of others. In the case of the central-station man who
is in @ chronic state of overwork, there is some justification for
his claim that he can not find time to do much for the association;
but practically no time or thought is required to answer a ques-
ton concerning his daily work, on which his life has been con-
centrated, and where experience has crystallized into conclusions
on most problems of central-station operation and management.
The Question Box is not limited to any special field of inquiry,.
nor to any one class of workers. Every man in a member com-
pany, from the general manager to the fireman, can give and
obtain information of the highest value. Both question and
answer being from specialists, in every section of the country
and operating under every possible condition, they possess a
value that is unique in electrical literature. Some one has very
aptly said that knowledge is of two kinds; we know a
subject ourselves, or we know where we can find information
upon it. Progress in all branches of electrical work has been so
rapid and the changes so radical that it is impossible for the
text-books to keep pace with the art. From what library could
one draw such a store of information regarding electric lighting in
all its phases as is embraced in such an association as this? The
Question Box not only saves yow the trouble of looking up the
data on the subject, but places before you a full discussion upon
it in all its phases by men who have tried the experiment you




2

may have in view and can advise you authoritatively as to the
results that may be expected.

The interchange of ideas and the helpful spirit engendered
are, in the highest degree, broadening and uplifting. The day
is past when manufacturers and station men hugged to their
bosoms and cherished with jealous secrecy every scrap of infor-
mation they might chance to obtain. The mystery is all gone
now, and in its stead has come a realization that every one is
benefited more or less directly by his neighbor’s success. The
manufacturer and the station man are coming closer together
every day, each profiting by the other’s experience and both
working toward the same end. The Question Box furnishes
an excellent example of the many ways in which they may reach
a common basis.

In conclusion, I desire to express my appreciation of the
ready and efficient assistance of Miss Harriet Billings, the
assistant secretary of the association. I also wish to acknowl-
edge the courtesy of Mr. E. G. Wendle in permitting the use of
thirty questions prepared for a similar publication for the Penn-
sylvania Street Railway Association.

H. T. HARTMAN, Editor.

May, 1904.




Question Box

OF THE >

Twenty-seventh Convention of the
National Electric Light Association

BUILDINGS
A

No. 1.—What is the best method of comstructing a “valley”
between two pitch roofs?

Assuming that the information desired is in regard to keep-
ing such a valley water-tight, would say: We have found that
the most satisfactory results will be obtained if the valley is
covered with metal. If the building is to be permanent, should
advise using sheet copper, this metal to be soldered at the
joints and brought up on each pitch roof to a point above that
which the water from melting snow will reach.

WILLIAM R. GARDENER.

I assume that the roof is either shingle or slate. The usual
method of construction of a “valley” is to lay board up the
rafters 12 to 18 inches and cover with tin painted both sides,
with shingles or slate to cover it, leaving about four inches from
centre of valley to edge of shingles. On an electric station I
would run two feet up rafters and use copper instead of tin.
I would avoid valley on such station if possible, as it is apt to
leak. I have known the heat in such a building to melt snow on
the roof, causing the valley to fill up and flow over the flash-
ing, as the weather was so cold that at the leader it was frozen
solid. H. A. C, N. Y. ED. CO.

Sheet copper, long lap, no solder.
AUGUSTA RY. AND ELEC. CO.

No. 2—What is the life of a good pine-shingle roof?

The writer is well acquainted with two white-pine shingle
roofs ; one put on 21 years ago, which to-day is still weatherproof;
the other put on 28 years ago. The latter now leaks badly, but
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it was water-tight up to three years ago. We can not obtain
a good quality of pine shingles nowadays, as the supply was
exhausted years ago. Washington red-cedar shingles have
taken their place and are giving good servicee. I know of
several such roofs put on 10 or 12 years ago that are ap-
parently as good to-day as ever. Do not use wire nails in
shingle roofs for barns or any place where there is much am-
monia. Use the old-fashioned galvanized-iron cut nails, or, better
yet, use copper nails. WILLIAM R. GARDENER.

Life of pine shingles varies. A 24-inch will last from 20
to 25 years and an 18-inch from 10 to 15 years, and may be
patched up at small expense to last some years longer.

H. A. C, N. Y. ED. CO.

No. 3.—What kind of cement and proportions of cement,
sand and stones for concrete dams have been found to stand
successfully where same have been put on rock bottom, and how
wide in proportion to height should the dam be?

Atlas, Star, Lehigh, Vulcanite and Giant cements are all
good. .

One part cement, two parts sand, three parts stone, to be
especially impervious to water.
~ One part cement, two and a half parts sand, five parts stone
(small), for average good work.

One part cement, three parts sand, six parts stone, for ordi-
nary work.

One part cement, three parts sand, nine parts stone, "for
ballast.

Much depends on the thoroughness of mixing, and much
on the ramming into place. :

Upstream side of dam and spillways should be impervious
to water. The centre and toes of large dams can be more in
the nature of ballast.

One part cement to six parts clean gravel (stones up to four
or five inches—no loam) make a strong, cheap concrete, avoid-
.ing the necessity of screening.

No dam should be built by the rule-of-thumb relation of
width to height. This relation depends on the cross section of
the dam, the height of water above the crest in floods, and the
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bonding of the masonry with the bed rock. These determining
factors should be obtained for each case.
THE EDISON ELEC. ILL’G CO. OF BOSTON.

STATION OPERATION
’ B

WATER-WHEELS, WATER-POWER, ETC.

No. 1.—How is ice handled in water-pawer plants, and what
method is used to prevent it from interfering with the power ser-
vice? Is the ice worked through the racks, removed from the
river entirely, or passed over the dam?

We have four wheels, marked 4 (see diagram), that take
water direct from the end of the dam, and three wheels, marked

tiver
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B, that take water from the race. If we wish to clean rack num-
ber one, we shut down the wheels marked 4, and open and
carry the load with wheels B, B, B. As soon as the wheels are-
closed the suction stops and the ice or drift comes up to the sur-
face of the water and is carried over the dam. If we wish
to clean gack number two, we close wheels B, B, B, and open and
carry the load with wheels 4, 4, A; then we push the ice down
below up in the race, and the drift we fish out. Working it
in this way, we clean them very easily and quickly.
ED. P. MAXWELL.

We consider it best to leave the ice in the dam and river,
both on account of the expense and for the prevention of anchor
ice, letting it freeze up as close to the rack as it will, and leaving
only room for a rake to work up and down on the rack to re-
move any small particles of ice or other material that may clog
there. A river, pond or canal once solidly frozen over, pre-
vents any further trouble from anchor ice.

THE UNION ELEC.LT. AND PR. CO.

We endeavor to keep floating ice out of our canal until it
becomes rotten, when we throw it over our waste weir. Our aim
is, however, to keep our canal covered with ice as long as
possible, thereby getting rid of slush. We consider it very bad
practice to work it through the racks. L. E. WATSON.

A convenient way of preventing floating ice, sticks, etc., from
interfering with the service is to string a boom across the flume
or forebay some distance above the racks. Preferably, the boom
should be at an angle with the direction of the flow of the
stream, so that the ice and brush go automatically toward the
spillway. It is preferable to remove all débris entirely.

CALVIN W. RICE.

The floating ice is usually passed over the dam, but if it is
not possible to do this, and the ice is present in large quantities,
it must be taken from the water and removed entirely from
the plant. It is not possible to work the ice through the racks
unless it is reduced to slush, and even then it will seriously
interfere with the operation of the turbines, often stopping them
entirely. This difficulty is more easily prevented than cured,
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by arranging head-gates outside the racks and placing the en-
tire gate openings under water. The bulkhead in which the
_gates are located will then act as a skimmer, and all floating
matter can be floated over the dam or through an ice sluice. If
this arrangement is not possible, a .cheap substitute is found
in a glance boom of the pattern known as a stiff boom. This
can be built either of logs or square timber and set across in
front of the head-gates at an angle with the current; the smaller
the angle, the more efficient will be the boom. It is advisable
to have the boom two tiers high, so that it will float low in the
water. C. H. HOLLINGSWORTH.

We have about one mile of steel pipe line ranging in size
from 18 inches at lower end to 36 inches at the intake, with
a total head of 700 feet, or 303 pounds pressure. We run con-
tinually, 23 hours per day, and at no time is there less than 250
cubic feet per minute pouring through the pipe. In January
the ice began to gather upon the inside of the pipe, and it con-
tinued to grow thicker each day until the head was reduced
65 or 70 pounds by friction. Other pipes in the county had
frozen solid and the plants closed down. We could not afford
to close down, and as a last resort we put a 25-hp steam boiler
about 20 feet from the intake and put steam in the water at
- that point just as fast as that boiler could make it. The tem-
perature of the water in the tail-race before we began using
the steam was 30 degrees. After a continual flow of steam in
the pipe line for five days and a half, we raised the tempera-
ture to 32 degrees, which soon cut the ice from the pipe.

C. L. HOON.

The only satisfactory way to prevent difficulty from anchor
ice is to prevent its formation by arranging a large mill-pond
or forebay so that the water will remain comparatively quiet
and readily freeze over. E. H. MATHER.

For a 1500-hp plant fed by a power canal, we use a number
of booms placed 50 feet apart for a distance of a quarter mile
above the intake. This arrangement calms the water and facili-
tates freezing. Our greatest trouble is with thin ice that forms
in patches on the canal surface, and gradually thickens while
floating down the two-mile level. The booms hold this back for
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some time till it works under and crowds down along the racks.
It is then necessary to employ men with rakes to keep the
racks clear. Part is worked through and part is removed en-
tirely—an operation of considerable difficulty and expense.
THE EASTON POWER CO.

Ice may sometimes be removed from forebay before getting
into wheels by having side outlet to drain surface water from
the forebay. AUGUSTA RY.AND ELEC. CO.

We find the cheapest and most effective method of dealing
with anchor ice to consist in the maintenance of a boom of logs
across the head-race and, at exceptional times, a continual raking
of the racks. This last winter we have had no trouble, as the
river and raceways have been frozen solid continuously.

: FRED B. HUBBELL.

European practice in disposing of ice is to build in the intake
canal special ice-breakers or deflectors and to provide a collect-
ing basin at the end of the canal in which such ice as passes
the deflector and the breaker is collected and discharged to the
river by means of a sluice-gate or ice-trap, which is lowered,
allowing the ice to pass over it. The deflector for floating
ice is triangular in plan, located at one side of the intake canal,
and built so as to extend above the water level, so that the ice,
traveling at a high velocity, is forced against it, its direction of
flow is changed, and it is shot over the overflow dam.

FRANZ KOSTER.

No. 2—IVhat methods have been successfully employed to
obtain relief from slush or anchor ice?

There are different kinds of anchor ice: one kind that will
go readily through the racks and will clog in the wheels and stop
them; and another kind that will gather at the racks and clog,
but by means of vigorous raking can be worked through any
ordinary rack, and, once through the rack, will pass readily
through the wheel. In the former case the very best thing to
do is to shut down until the ice stops running, for when it gets
clogged in the wheels it takes a long time to thaw out. In the
latter case it is usually advisable to keep running and keep the
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racks clear by raking. However, as anchor ice usually comes on
the first cold nights of the season, we find it best to shut down
completely and allow the canal to freeze over solidly, which it
will do faster than if the current were running swiftly, and. when
once frozen over there is no further trouble from anchor ice.
THE UNION ELEC. LT. AND PR. CO.

Thus far we have not been able to do away-with slush
ice entirely, but we are not troubled now nearly as much as
we have been heretofore. Our main desire is to keep our still
bay frozen as long as possible. To this end we have put in
boom logs, which quiet the water and allow early freezing. At
times when slush is expected we endeavor to have at least three
inches going over our waste weir. We have a long boom placed
at an angle with the weir, so that it tends to throw over all
floating slush. We find that it is necessary at such times to keep
a man cleaning this weir from the adhering slush. We have
also lowered our racks so that the upper end is below the sur-
face of the water. . This tends to keep the iron at the same
temperature as the lower water. L. E. WATSON.

I know of no method of successfully obtaining relief from
anchor ice, but recommend that provision be made: for an in-
closed flume for a considerable distance previous to entering
the penstock, and where this is impossible, to have a wide and
smooth channel to keep down the rate of flow. This works in
two ways; first, there are no sharp points at which the anchor
ice seems to form; and, second, the choking of the stream is
prevented. CALVIN W. RICE.

The only positive method of obtaining relief from slush or
anchor ice is having a sufficiently large mill-pond above the
power plant to allow such ice either to melt or come to the
surface. This ice is formed in rapids, and if the approach to
the turbines is swift water it is a difficult matter to get rid of it.
The length of still water required to dispose of it is governed
by the character of the stream above the penstock and the ve-
locity of the current, and may be a distance of two miles or
more. C. H. HOLLINGSWORTH.

With an experience of 17 years in the operation of water-
power plants, we have not yet been able to find a method for
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getting rid of anchor ice. There is a vast difference on this
river, (the Mississippi), between slush and anchor ice. The
slush ice is on top of the water, and can be taken care of by
men at the head-gates, by either removing it entirely from the
water with scoops, or by breaking it up and letting it pass
through the wheels. The anchor ice, with which we are oc-
casionally troubled, is a very small, diamond-shaped icicle, which
is usually carried down by the current from three to five feet
below the surface of the water and in such a mass that it clogs
up the head-racks, and with three men on the 10-foot rack we
have been unable to keep the rack clean. When we have been
troubled with anchor ice, it has come down the river immediately
after the first freeze-up and interferes with our operation for not
over 24 hours; after the river is once frozen over the trouble
ceases.
LITTLE FALLS WATER PR. CO. OF MINNESOTA.

Slush or anchor ice will usually go through the wheels with-
out difficulty, except in the most severe weather. We have had
only one instance of a water-wheel clogging and freezing while
running—a §I-inch McCormick turbine, which was afterward
thawed out by fires built inside the turbine chamber.

THE EASTON POWER CO.

With a plant where the anchor ice floats near the surface,
relief can sometimes be obtained by constructing floating guides
in front of the rack, leading diagonally to a side sluiceway
through which the anchor ice will run off and not pass through
the rack. In a plant where the water passes through the rack
with much force, it is doubtful if there is a device that will give

any more relief than the common hand-rake.
E. H. MATHER.

For disposing of anchor or slush ice, a barrier a few feet
high is built across the bottom of the intake canal before it
reaches the collecting basin. This barrier is curved, and one
end terminates at a sluice-gate built in the overflow wall of the
canal. To discharge the ice, this gate is operated from above,
either electrically or by hand. It is also common practice to
deepen the intake canal before reaching the barrier, and thus
reduce the speed of the water and collect all the ice at this point.

. FRANZ KOSTER.




11

I believe rafts placed in the forebay or pond, so that the water
will pass under cover for some distance before reaching the
racks, will cure the trouble in many cases. We ran for nine
years in connection with a sawmill. During this time the pond
for a distance of 500 feet above our racks was covered with logs,
and we never experienced any trouble with ice. For the past
four years, we have had trouble every year until a coating of
ice is formed over the pond, when it ceases, but frequently
troubles us again in the spring during cold snaps after the ice
has gone out. 4 E. S. KING.

No. 3.—A pine-stave, five-foot trunk, taking water from dam
to water-wheel a distance of 1000 feet, is bound with steel hoops,
uncovered, which are resting on and in the earth. This trunk
is always filled with water. Is there any danger from lightning?

The penstock described in this question is in no more danger
from lightning than any other structure in the vicinity. Cases of
water-works standpipes being struck by lightning are extremely
rare, though they are invariably on high ground, in most cases
built of steel, and always full of water.

C. H. HOLLINGSWORTH.

The pine-stave flume bound with steel hoops is not in any
particular danger of being injured by lightning on account of
its construction, while if there are tall trees near by and over-

hanging the flume, there is even less danger from lightning.
E. H. MATHER.

We see no reason why there should be any special danger
from lightning, unless trunk is raised very high above the
ground or otherwise much exposed.

AUGUSTA RY. AND ELEC. CO.

No. 4—What is the best method of cleaning racks in a water-
power plant?

As far as possible, lift things up to the top of rack and remove
them. Avoid pushing obstructions to the bottom, as they will
probably remain there and form a network to collect more.
Where possible, sluiceways with gates can be carried to advan-
tage under power-house and into tail-race. The water rushing



12

through sluiceways will carry off deposits of silt, etc., and the
racks may be cleaned by pushing the obstructions down and al-
lowing them to pass through sluiceways. It is difficult to apply
this to stations already built. - GEO. B. LAUDER.

We have found ; rake made. of a hickory head-piece and
power plants is by means of hand-rakes.
THE UNION ELEC.LT. AND PR. CO.

We have found a rake made of a hickory head-piece and
40d wire spikes for teeth, placed so as to fit between the grates
of the rack, attached to a strong wooden handle, to answer very
well for cleaning the racks. A large-sized barley fork covered
with wire netting, one-inch mesh, is also a useful tool with which
to remove floating trash from our still bay.

L. E. WATSON.

The method now usually employed in cleaning racks in a
water-power plant is the use of a long-handled rake, which, by
moving up and down over the racks, will have the effect of
cleaning them for the time, but this must be repeated as often
as seems necessary. As it is usually impossible to see down the
racks for any distance, their condition is largely a matter of con-
jecture and can only be guessed at by the flow. The writer has
reason to helieve from his own experience that accumulations
of dead leaves and other matter may remain at the bottom of
the racks for years. A remedy for the trouble suggested is to
build the racks in narrow, full-depth sections, placing same in-
side the head-gates. They can then be lifted in sections and
cleaned during any time of partial shut-down.

C. H. HOLLINGSWORTH.

Racks are cleaned by two methods: First, such material as
will float is raked to the surface of the water and run off through
a side sluiceway; second, such material as will sink is drawn off
through a sluiceway opening from the bottom of the canal or
forebay. E. H. MATHER.

We have seen no better method than large, heavy hand-
rakes. On account of unevenness of the racks, mechanical
methods would probably fail if tried on a large scale.

AUGUSTA RY. AND ELEC. CO.
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The racks are built in three sections which overlap each other
in different planes, the sections sliding in structural-steel guides.
Where possible, they are cleaned by the use of a rake, and where
this can not be done, the upper rack may be lowered to replace
the bottom section while the bottom section is withdrawn for
cleaning. Thus, any one section may be removed and two lower
sections still remain in place. FRANZ KOSTER.

Construct the racks so that they will be practically self-clear-
ing, which can be done in most cases by a reconstruction of the
racks with reference to the current of the stream. A number of
years’ experience in the operation of water-power electric plants
has convinced me that there should be but one rack and that at the -
point of diversion of the water from the stream. The rack should
be constructed of steel plates one-quarter to three-eighths inch in
thickness and from two to two and a half inches in width, the dis-
tance between the plates to be governed by the character of the
débris running in the stream; ordinarily about three-fourths inch
apart.

The rack should be perpendicular and should stand parallel
with the current of the stream, and the aggregate area of the
openings between the plates should be of sufficient area to pass
the maximum amount of water required without any perceptible
agitation. By this construction, the débris is carried past the
racks and over the dam. The forebay should be.amply large
and tightly covered over, and if timbers are fastened across the
inside of the forebay about 12 to- 18 inches apart and at the
level of the water, the ice in forming will adhere to the timbers,
and if the water is afterward drawn below the timbers the ice
will remain suspended and will not fall down and clog up the
forebay. If booms are placed diagonally across the stream so
that the up-stream end is above the intake with the down-stream
end pointing away from it, there will be a tendency to pass the
floating débris along toward the dam and away from the racks.

At one dam of which I had charge, the intake to the forebay
was at right angles to the stream, with a short rack across it.
In the fall of the year when leaves were running and in the
spring when driftwood was coming down the stream, we were
obliged to keep a man raking the rack during the night run (no
day circuit), and we occasionally lost the lights through the inabil-
ity of the man to keep the rack free enough to pass the required



14

amount of water. I enlarged the forebay, changed the intake so as
to have it parallel with the current of the stream, and quadrupled
the area of the rack surface. This was three years ago, and we
have not been troubled once since with a clogged rack, nor have
we spent an hour’s time, in all of the three years, in raking the
rack. E. D. BLACKWELL.

No. 5.—What is the usual price paid for water-power where
the party owning the water-power furnishes building and water-
wheels?

Price for water-power varies very materially in different lo-
cations and under different conditions. Leases made from 50
to 70 years ago for permanent water are as low sometimes as $10
or $11 per horse-power of water used per year for 24-hour privi-
lege. A fair price to-day would be from $20 to $25 per horse-
power of water per year for 24-hour privilege.

THE UNION ELEC.LT. AND PR. CO.

The price for water-power under the conditions described
is very elastic, and ranges from $10 to $60 per horse-power per
annum. It is governed by the amount of power used, conditions
under which it is developed, number of hours used per day, and
several other conditions. C. H. HOLLINGSWORTH.

There is no “usual” price paid for water-power where the
owners furnish building and water-wheels, as this depends on the
cost of the development and the demands for such power. We
have known of power being delivered on the water-wheel shaft at
$10 to $12 per hp-year. E. H. MATHER.

This city furnishes the water in the canal and a tail-race at
$5.50 per year per theoretical horse-power.
AUGUSTA RY. AND ELEC. CO.

No. 6.—W hen a water-power plant has been designed with
large units, and, the day load being small, gives very low water-
wheel efficiency for a large part of the 24 howurs, supposing
economy of water to be a great consideration at certain periods,
what means can be used to secure better efficiency of operation?

Kind of wheel not given; if horizontal, with two or more
runners on shaft. all but one runner might be closed against the
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water and the remaining runner operated by gate more nearly
open, giving more efficient operation. The end thrust would
probably be troublesome, as the pressure of water would not be
balanced. N GEO. B. LAUDER.

It is hard to recommend a specific remedy for the conditions
described without fuller details, but in general I would suggest
that if a number of wheels are in use driving one unit, con-
siderable economy could be secured during periods of light loads
by cutting off some of the wheels, leaving only enough wheels
on to do the work at most economical gate-opening

JAS. B. FOOTE.

In the plant described in this question, the best results would
be obtained by so arranging the gate mechanism of the turbines
(provided there are more than one for each unit) that the wheels
can be thrown on or off independently. For instance, with two
wheels that develop 1500 horse-power at 400 r.p.m., if one were
shut off you would obtain 750 horse-power at 400 r.p.m. minus
the power required to revolve the dead wheel.

C. H. HOLLINGSWORTH.

The load factor of the power plant may be improved by so
shaping the charges for current as regards time of using that
vou will actually secure customers for unusual hours. For in-
stance, I understand that in Montreal, the working day in a great
many mills begins at five o’clock in the morning and ends at
three in the afternoon, thus avoiding the peak at five p. m.

CALVIN W. RICE.

The installation of a small wheel of desired capacity would
probably be the most economical means of securing better ef-
ficiency, if the local conditions are such as to permit of the ad-
ditional installation. E. H. MATHER.

Day motor load at very low rates, or the use of storage bat-
teries, if the interest and depreciation justify it.
AUGUSTA RY. AND ELEC. CO.

No. 7—What success have you had in the operation of a
steam plant connected in parallel with a hydraulic plant where
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Some three years ago I was connected with the installation
of a steam-driven plant and a water-driven plant, the steam-
driven plant consisting of a Corliss steam engine belted to a
three-phase, 60-cycle, alternating-current generator. In the same
station was located a high-speed Ball engine, which in turn was
belted to a three-phase, 60-cycle, alternating-current generator.
Three-quarters of a mile away was located our water-power
station, which consisted of a McCormick turbine direct-con-
nected to a three-phase alternating-current generator. All of
the machines generated direct at 2300 volts, which was stepped
up to 10,000 volts by means of transformers. The transformers
were all located in the steam-driven station, and the output of
the water-driven station was transmitted to the steam-driven at
2300 volts. All three of the machines were worked in parallel
and their output stepped up through three transformers. The
current was transmitted some five miles and was utilized prin-
cipally in operating mine hoists, which show much greater vari-
ations than are usually encountered in railroad practice. The
station was operated to our entire satisfaction in this manner.

' THOMAS B. WHITTED.

We have not experienced any difficulties in operating steam-
driven alternating generators in parallel with hydraulic-driven
alternating generators when railway generators were also con-
nected to steam plant. In our case the railway generators are:
of somewhat less capacity than the engine.

E. W. CRAWFORD.

We operate our electric plant very successfully by combined
steam and hydraulic power. The fluctuation in load is fully
50 per cent, and is made up during the daytime almost entirely
of motor loads ranging from .5 to 100 horse-power, and driving
all manner of machinery and manufacturing industries. Our
day load of motors is almost equal to the lighting load at night.

W. F. KINGAN.

In operating a water-power plant of medium head, I believe-
it will be necessary to have the engine take the variable load
where street-car service is on the same line shaft as the lighting:
generator. ' GEO. S. CARSON.
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No. 8 —W hat method of regulation do you use to accomplish
commercial results with such a load?

We have found that the most satisfactory method of regu-
lation under such a load is to operate the hydraulic plant with
wheel gates wide open, and to adjust the speed of the governors
on these wheels so that it is slightly in excess of the normal
speed of the engine. In this way the engine does the regulating,
unless the load drops to such an extent that the engine is doing
no work, when the wheels will then take the regulation. We
also use a storage battery on the railway circuit, which tends to
equalize the load. E. W. CRAWFORD.

We find that all the regulation necessary is accomplished by
the inertia governor of our steam engine supplemented by water-
wheel governors set to move a little less sensitively and finally
regulated by hand, changing the speed when the load fluctua-

tion is very heavy. This rarely occurs.
W. F. KINGAN.

No. 9.—Are voltmeter readings from a generator driven by
a water-whecl a correct measure of the variations of speed of the
water-wheel ?

Voltmeter readings are not a correct measure of speed varia-
tion: The variations of voltage will be greater than speed varia-
tion, on account of dynamo regulation.

GEO. S. CARSON.
No. This would be a correct measure only in the case of con-
stant load and constant-field excitation of the generator; condi-

tions not obtainable in commercial operation.
THE EASTON POWER CO.

No. 10.—I¥ hat determines the degree of possible speed regu-
lation of a water-wheel? .

Our experience with water-wheel regulation has been that
two factors are absolutely necessary for good results; namely,
a good governor and plenty of flywheel capaci.ty.

E. W. CRAWIFORD.
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This question is somewhat ambiguous, but, as.I understand it,
I should say that the Lombard governor regulation of a water-
wheel is very close to fair steam-governing, particularly where
the waterways to and from the wheels are very large. The limit
of time to change the speed in any water-wheel is governed solely
by mechanical reasons; namely, the wear and tear on the rack
and pinion of the governor, as well as the moving parts of the
gate mechanism. W. F. KINGAN.

No. 11.—What is the average depreciation of the different
parts of a water-power generating plant?

This question is a very broad one and depends largely on the
style of installation. With modern direct-connected, horizontal
water-wheel units and generators, with dams, buildings, etc., of
concrete and steel on good rock formation, it should not exceed
five per cent. This covers building and machinery; and, classi-
fying, would state that, with the best-conducted modern power
plants, the depreciation on buildings and dams should not ex-
ceed three per cent, water-wheels six per cent, revolving field al-
ternator five per cent, governor and electrical apparatus ten per
cent. W. F. KINGAN.

No. 12—What are average operating expenses per hp-year
of water-power plants of different sizes?

QOur water-power plant consists of two 150-kw alternating-
current generators, each connected to turbine; two 6o-kw arc-
light machines on one wheel; two 100-kw, 500-volt generators
on one wheel. Total capacity of electrical machinery, 620 kilo-
watts. Flume of wood, three miles long, supplying, at maximum,
water enough to develop 500 kilowatts at switchboard. This
plant feeds into trunk-lines connecting to two steam plants. The
average annual output of water-power plant for two years was
1,700,000 kw-hours; average electrical load, 194 kilowatts. The
flume had been in service 10 years, the water-wheels and gen-
erators six years, and the repairs to flume and machinery were
unusually high for these reasons. The following are in round
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figures the operating expenses per kw-hour, not including any
depreciation, superintendence, taxes or general expense:

Repairs to building...........cccovvviunien, 0.007 Cents
Repairs to dam and conduits............... 0.097 °*
Repairs to turbine and electrical machinery o.102 **
Labor, dynamo tenders..................nn. o.242
Labor, flume tender...........cvivviinnnnns 0.053 ‘'
Sundry supplies........cciiiiiiiiiiiiiiinnns o.o14
Totaliesevvienieiinsinnecnaceananns 0.515 Cents

The flume was practically gone in 12 years.
HERBERT McNULTA.

A modern water-power plant of about 1500-hp capacity can
be operated for $3.00 to $4.00 per hp-year, which includes only
labor and material used at the power station.

E. H. MATHER.

C

FEep WATER, PuriryiNGg CoMPoUNDS, ETc.

No. 1.—What effect does soda ash, used for purifying boiler-
feed water, have on cylinder lubrication?

Soda ash, when used in a boiler, should be first dissolved
in a tank and then pumped into the boiler, so that it will be
entirely dissolved. A separator should be used, so that no yater
can get to the cylinder from the boiler, or some other means
should be used to obtain commercially dry steam. Under these
conditions soda ash will have no effect on the cylinder, but
otherwise it is liable to get into the cylinder and cut the oil.

D. KENNEDY.

It has a tendency to dry the cylinder walls if used in large
quantities, and to increase the amount of oil necessary for lubri-

cation.
STEUBENVILLE TRACTION AND LT. CO.

It depends upon\ circumstances. If a small quantity is used
on boilers that make fairly dry saturated steam, no evil results
to engine cylinders will be seen. If boilers are apt to foam or

work wet steam, it will seriously affect lubrication.
W. BLOXHAM.
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Soda ash, if used in proper quantity for purifying boiler-feed
water, has fo effect whatever upon cylinder lubrication.
J. D. A, N. Y. ED. CO.

Soda ash used in boilers necessitates the use of more cylinder
oil in engines.
THE EDISON ELEC. ILL’G CO. OF BOSTON.

Necessitates more oil.
AUGUSTA RY. AND ELEC. CO.

It is claimed by the agents for the different boiler compounds
that soda ash will pit the boilers and engine cylinders. However,
all boiler compounds contain more or less soda ash. Soda ash
should be so used as to precipitate the impurities in a tank be-
fore the feed water enters the boiler. C. S. JOHNSON.

. We used 10 pounds per day of 24 hours on 1200-hp boiler
without visible effect on lubrication.
G. R. W, MALDEN ELECTRIC CO.

Soda ash has no injurious effect on cylinder lubrication if
properly used. S. B. RICHEY.

If enough soda ash is used to take off all the scale in boilers,
it will cut the very best grade of cylinder oil, leaving the cylinder
dr and sticky. E. S. ASPNES.

No. 2—What is the object of placing zinc in a steam boiler?
Does it prevent scale or corrosion, and what impurities in the
water make its use desirable?

With regard to use of pig zinc in steam boilers, I would
say that in actual experience I have found the results highly
sausfactory. As a practical illustration: In the year 1893 the
tubes in a boiler of one of the United States Government dredges
began to become useless through pitting and leaking. Pig zinc
was immediately suspended in the boiler, but a new set of tubes
was ordered, in order to have them on hand, ready to replace the
old ones as fast as they gave out. After putting in three or four
new ones no more were needed, the zinc having stopped the pit-
ting of the old ones. Eleven years after that time, the zinc



having been kept continuously in the boiler, the old tubes were
removed, their ends having been burned off by action of the fire,
and not because they were disabled by the corrosive influence
of the water. I could give you other instances of a similar
character, but I think this one will convince you of the advan-
tage of using zinc in boilers.

Internal corrosion of pipes and boilers presents itself in
various forms, each having a peculiar character of its own, though
only sometimes strongly marked ; these are designated as uniform
corrosion, wasting, pitting, honeycombing and grooving. It has
been proven.by practice that zinc and kerosene oil are the best
known ingredients to prevent the above corrosion.

In modern engines where high-pressure steam is used, de-
composition of the cylinder lubricant (if of an animal or vegetable
nature) used for the internal parts takes place at or about 235
degrees Fahrenheit. The acids of the oil ultimately come into the
boiler, where they proceed to attack the iron. To prevent the
acids from damaging the tubes and boilers, plates of zinc (pig
zinc) are suspended in the boiler water, forming an exciting
fluid of the acids and water, and directly a metallic contact
is established between the zinc and iron, a galvanic current is
set up, and, according to the usual laws of electricity, the
negative pole (in this case the iron of the boiler) is preserved at
the expense of the positive or zinc pole.

The customary amount of zinc used is about 50 pounds to
every 100 horse-power of boiler; if kerosene is used, about
one pint to every 100 horse-power of boiler is used for about
12 hours. The kerosene is often used, as it is one of the best
known substances for the prevention of pitting, etc., of heater
tubes and pipe systems. Common washing-soda is also good
to neutralize the acids, using two pounds for every 100 horse-
power per 12 hours. REID WHITFORD.

Zinc is largely used in marine boilers for the prevention of
both incrustation and corrosion. The scale may acquire thick-
ness and hardness, but can be easily removed from the plates.
It is supposed that the zinc in connection with the iron of the
plates keeps up a feeble galvanic action, and that the hydrogen
liberated at the surface of the plates by this action prevents the in-
crustation from adhering to it. D. KENNEDY.
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Zinc is used to prevent corrosion in a boiler. In boilers
using water containing acids or alkalies there is a galvanic action
going on, in which parts of the boiler are positive and other
parts negative, and the negative parts will be attacked. By
placing zinc in the boiler, the zinc becomes negative and sets
up galvanic action enough to make all other parts of the boiler

positive and the zinc becomes the object of attack by the acids.
‘ STEUBENVILLE TRACTION AND LT. CO.

I have used zinc in boilers to prevent galvanic action with
very good results if placed near the water line. I have never
noticed any results from use of zinc with reference to scale
prevention. W. BLOXHAM.

The object in placing zinc plates in a steam boiler is to
prevent pitting and corrosive action on the iron shell of the
boiler. They do not prevent the formation of scale in boilers.

G. WILBUR HUBLEY.

Zinc is used to prevent galvanic action in the boiler, the
zinc being eaten away instead of the boiler.
THE EDISON ELEC. ILL'G CO. OF BOSTON.

Prevents pitting, in certain kinds of water.
* AUGUSTA RY. AND ELEC. CO.

The object of placing zinc in steam boilers is to arrest the
corrosive action of saline or other active agents in the water.
Zinc is sometimes suspended in boilers of ocean-going vessels,
as the saline solution acts as an electrolyte, the zinc as the
positive element, and the steel as the negative. According to
the law of primary batteries, the greatest action takes place
at the positive element, which in this case would be the zinc,
or negative pole. | CHAS. H. PETERS.

If acids are present in the water there is a galvanic action
which tends to the corrosion of the iron. When zinc is intro-
duced in the boiler, as it is electro-positive with respect to iron,
the result is the wasting of the zinc rather than the iron.
It also prevents the scale from adhering to the iron if there
are solutions of chalk or lime in the water.

LOUIS 1. PORTER.
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No. 3.—Is there any means of removing magnesia coating
from the inside of hot-water pipes and meters?

If it is practicable to use kerosene of fire test of 300 degrees
Fahrenheit, I think it will have the desired effect.
) W. BLOXHAM.

Have cleaned driven wells and horizontal runs of pipe from
magnesia with turbine boiler cleaner cn end of hose. This was
three-inch pipe, or larger. For small pipe and meters, the use
of some scale solvent or diluted muriatic acid would be suc-
cessful. J. A. MALONEY.

We take pipe and meter down and remove magnesia coating
by knocking it out. GEO. B. TRIPP.

No. 4—What results have been obtained in measuring hot
boiler-feed water with the Venturi meter? What precautions
must be taken in placing meter? Will this meter work accurately
where feed pumps are ordinary duplex type with air chamber?

There is a manufacturing plant in the writer’s neighborhood
where a four-inch Venturi meter has been used in the feed line
for a number of years. The temperature of the water passing
it is usually from 200 to 210 degrees Fahrenheit at a press-
ure of about go pounds gauge. On account of the varying
demand for steam, the velocity in the line (controlled by a pump
governor) varies through quite a wide range. Checking against
scale weights shows it to be very accurate. It is equipped
with the usual registering mechanism, and, beyond an oc-
casional inspection and adjustment of that device, has required
no attention.

THE EDISON ELEC. ILL’G CO. OF BOSTON.

Hot boiler-feed water has been measured with the Venturi
meter to within about one per cent of absolute accuracy. The
meter should be placed either in the section of the pump, or
in the discharge, as far from the pump as possible, to avoid surg-
ing. If these precautions are taken, the meter will work ac-
curately with a duplex-feed pump.

J.D. A, N. Y. ED. CO.
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No. 5.—What is the best method of feeding purifying com-
pound into a bosler in order to be sure that the amount supplied
is proportional to the amount of water evaporated?

The best method of feeding purifying compound into boilers
is probably through the boiler-feed pump or injector. I believe
there is a Lee injector manufactured, provided with a
receptacle for the purifying compound, so that it may be
delivered into the boiler proportionately to the amount of water
evaporated. Another plan is to erect a standpipe of sufficient
size (with a valve at its bottom) on the water-feed pipe, thus
releasing the compound at will. REID WHITFORD.

By using a sight-feed lubricator. D. KENNEDY.

The best method of feeding purifying compound into a
boiler in order to be sure that the amount supplied is propor-
tionate to the amount of water evaporated, is to use a small
pump direct-connected to the feed pump, the capacity of this
pump -being correctly proportioned to the capacity of the feed
pump. J.D. A, N. Y. ED. CO.

I have found that the best method is to use excessive
quantities of compound or kerosene for five or six days, with a
very slow fire, blowing the boiler down every 24 hours as low as
the grates and pouring in one or one and one-half gallons of
kerosene, after which use a mechanical cleaner, and the boiler
will be thoroughly clean. At least, this has been my experi-
ence with a very hard scale composed mostly of sulphate of lime
and silica and with a softer scale composed of the carbonates and
sulphates mixed. A good compound fed with lubricator ought
to do the work fairly well, but not thoroughly.

: W. BLOXHAM.

Feed detem‘xined amount of compound at intervals auto-
matically controlled by the speed of the boiler-feed pump.
TOLEDO RYS. AND LT. CO.

Feed the compound in a liquid form by a small ratchet-
driven pump operated from the piston or valve link of the
boiler-feed pump.

STEUBENVILLE TRACTION AND LT. CO.
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By small pumps driven from main feed pumps.
THE EDISON ELEC. ILL’G CO. OF BOSTON.

The best and only correct method is to treat the feed water
and remove scale-forming impurities before entering the boiler.
G. WILBUR HUBLEY.

Measuring and feeding through a barrel, with a special
inlet into the boiler through the injector.
AUGUSTA RY. AND ELEC. CO.

Connect small direct-connected feed pump to cross-head of
boiler-feed pump, feeding the desired amount continuously.
G.R. W,, MALDEN ELECTRIC CO.

Have a tank placed above the pump and connected to the
suction pipe by a small pipe in which there is a gate valve and
feed the required amount daily rather than weekly.

S. B. RICHEY.

« Keep record on daily station report sheet of the number of
hours each boiler is actually under fire, and feed purifying
compound to individual boilers through feed-water injector in
proper quantities. PAUL LUPKE.

No. 6.—Is there any hot-water meter that can be run con-
tinuously and that will maintain reasonable accuracy?

Yes. The American District Steam Heating Company’s con-
densation meter measures to the fraction of a pound.
D. KENNEDY.

The Venturi meter and a hot-water meter built by the Union
Meter Company, of Worcester, Massachusetts, are both reason-
ably correct for constant use with hot water. )

J.D. A, N. Y. ED. CO.

I have used a Worthington hot-water meter, which varies
very little from the city meter. W. BLOXHAM.

There are hot-water meters up to two inches that will work
continuously with reasonable accuracy with the temperature up

to about 211 degrees Fahrenheit.
C. L. DAVIDSON.
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The Worthington special hot-water meter gives very satis-
factory results. S. B. RICHEY.

No. 7—Will any one who has had experience with hot-
water meters of one and one half-inch or two-inch sige, used
individually to record the amount of water evaporated by each
boiler, please state the average accuracy of these meters in con-
stant service. the frequency of tests required, and the amount
of repairs necessary for the maintenance of this accuracy?

Experience with impulse meters shows that some makes of
these meters will run in continuous service for several months
and retain their accuracy. Some trouble has been experienced
on account of pivot bearings, and particularly the counters,
wearing out. " W. L. ABBOTT.

In an instance where 16 meters are measuring boiler-feed
water of an average temperature of 1go degrees Fahrenheit, the
meters were tested for accuracy after four months’ service. The
meters are of the rotating-disc type, specially built for hot water.
There are two sizes: 1.5-inch on 500-hp boilers and two-inch
on 8oo-hp boilers.

Each meter was tested at three rates corresponding to a
full load on the boiler, to 66 per cent of full load and to 33
per cent overload. The average accuracy of the 16 meters was
as follows:

At 66 per cent of full load, meters were 10.2 per cent slow.

At full load, meters were 5.7 per cent slow.

At 33 per cent overload, meters were 4 per cent slow.

The average of all readings showed the meters to be 6.6 per
cent slow. Under small loads the meters can not be depended
upon, but if run steadily at the full evaporative rate of the boiler
they give good results. As the feed varies constantly from nothing
to maximum, the indications of the meters as a whole are prob- -
ably about 10 per cent slow. This can not be determined exactly
from the tests. ROBERT LINDSAY.

Seven hot-water meters of two-inch size used under 170
pounds pressure at 150 to 200 degrees feed got from 12 to 15
per cent slow in six months.

THE EDISON ELEC. ILL'G CO. OF BOSTON.
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No. 1.—Describe an effective method of treating bituminous
coal at the time of storage, to prevent spontaneous combustion
when coal is lying in bins 15 or 18 feet deep.

Keep coal dry and exclude all air.
D. KENNEDY.

Reduce the quantity of coal by partitions, and provide for
quick dumping in case of fire. CALVIN W. RICE.

Where bituminous coal is piled in bins 16 or 18 feet in
depth, spontaneous combustion may be avoided by using a
number of two-inch pipes placed in a vertical position in the
coal at different depths, the ends being allowed to project above
the pile in order to carry away gas formations, besides acting
as ventilators. SAMUEL KAHN.

For treating bituminous coal to prevent spontaneous com-
bustion, few ways are better than to keep it moving, and this
is best done by using from the bottom of the bin. The bin
should slope enough so that there will naturally be a movement of
the entire mass when chutes at bottom are opened.

C. H. HOLLINGSWORTH.

A solution of salt and water (about a quarter of a pound
of salt to one gallon of water) has been found effective. Spread
the coal in layers of from two to three feet in thickness and wet
down with this solution, using about 40 gallons to a ton of coal.

W. F. SIMS.

Make sure that the coal is not wet when put into storage,
and do not drop it any great distance in handling it.
THE EDISON ELEC. ILL'G CO. OF BOSTON.

No. 2—What is the approximate percentage of deteriora-
tiom in soft coal from exposure? Is it proportional to the period
of exposure?

Our experience has been that soft coal in a pile is improved
by exposure to the weather. Repeated tests, extending over a
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number of years, of coal just from the car and from the pile—
both from the same mine—have invariably shown higher evapo-
rative power in the coal after exposure in the pile,

WILLIAM R. GARDENER.

Soft-coal lignite will slack more in the first five than the
next ten days if kept in dry place where wind or sun can not
reach it. In my estimation it will lose in five days 150 pounds
to the ton. D. KENNEDY.

The percentage of deterioration of soft coal from exposure
can not be estimated, as it is proportional not only to the period
of exposure, but to the percentage of volatile matter contained
in the coal. J.D. A, N. Y. ED. CO.

The percentage of deterioration of soft coal from exposure
varies with the kind of coal. The percentage is not proportional
to the period of exposure, as the coal on the outside of the
pile protects that further in.

‘ C. H. HOLLINGSWORTH.

It depends a great deal on the climate, and is not propor-
tional to the period of exposure. W. BLOXHAM.

Some of the large gas companies find that their coal deterio-
ration averages about 10 per cent per year for six to seven years.
THE EDISON ELEC. ILL'G CO. OF BOSTON.

The deterioration of soft coal from exposure can not in any
case exceed the percentage of volatile matter that it contains.
This runs in general from 20 per cent to 35 per cent, but analyses
made on coal after a year’s exposure show no apparent change
in the amount of volatile matter. Any deterioration that takes
place, unless the coal heats, is due solely to the coal crumbling
on account of the action of the weather. The deterioration is
physical, and not chemical. W. L. ABBOTT.

The writer has noted that the deterioration in soft coal from
exposure follows no law. The outside layer, say to the depth
of two inches, may deteriorate considerably in a very short time,
but there is little change in the coal below this depth for long
periods of exposure. JAMES MILNE.
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Tests made by the Denver Gas and Electric Co}npany on
Colorado lignite coal show that the deterioration is very rapid

Pervent of lnital Valwe
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for the first six months. The results are shown in the accom-
panying curve. J. F. DOSTAL.

Six per cent in first six months.

THE EDISON ELEC.ILL’G CO. OF BOSTON.

No. 3.—Is there any commercially successful system of mak-
ing briquets of anthracite culm?

No; they are not a commercial success.
D. KENNEDY.
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There are some systems of making briquets from pulverized

coal or culm, but the writer does not know of any plants using
any of these systems. There is, however, one successful system

of burning the coal in a pulverized state.
C. H. HOLLINGSWORTH.

There is a system of briquetting anthracite culm by mixing
it with a small percentage of coking coal and then pressing it into
a briquet. When these briquets are burned, the coking coal serves
as a bond to cement the mass of the briquet firmly together.

W. L. ABBOTT.

No. 4—In a station burning 20 tons of coal per day, what
is the general practice for checking up coal consumption daily?

Our way is to take the total number of tons received during
the month, then take bin measure in cubic feet at the end of
the month, allow 45 pounds per cubic foot of coal, lignite, nut and
slack mixed, and deduct the same from the total amount received.

D. KENNEDY.

I recommend corresponding with the makers of coal-hand-
ling machinery, who will undoubtedly be pleased to answer this
question in detail. (This also answers questions Nos. 6 and 7.)

CALVIN W. RICE.

In a station burning 20 tons of coal per day, the general
practice is to weigh the coal on a platform scale.
J.D. A, N. Y. ED. CO.

A simple way to check up the coal consumption is to use
charging cars holding a fixed number of cubic feet. The weight
of the various coals per cubic foot can be ascertained within a
very small percentage by a few experiments. By tallying the
number of cars used the weight is easily arrived at. Cars can
be filled from the bunkers and run along in front of the boilers.

C. H. HOLLINGSWORTH.

I have found that it is the general practice in plants of this
size to be looking for a cheap man and to keep no account of coal.
W. BLOXHAM.



32

Weighing.
THE EDISON ELEC. ILL’G CO. OF BOSTON.

The installation of a scale, with daily report from each
* watch showing the kw-hours per ton of coal, would be justified.
AUGUSTA RY.AND ELEC. CO.

Weigh the working stock on scales, as used.
G. WILBUR HUBLEY.

A power station burning 20 tons of coal per day should be
furnished with overhead scales if the coal is on the level of the
boiler-room floor. Either plan is comparatively inexpensive, and
the record of daily consumption is kept with ease and accuracy.

C. W. HUNT CO.

Coal should be weighed and put on the floor for the day’s
" run, and the amount left over measured and credited to day’s
run. With coal bunker and scales for each boiler, the fireman
weighs the amount of coal he uses.

G. R. W, MALDEN ELECTRIC CO.

No. 5—What are the relative evaporative values of run-of-
mine bituminous and Nos. 1, 2 and 3 anthracite buckwheat coal?

I recommend Kent’s handbook.
: CALVIN W. RICE.

Qur running log shows a relative value of about seven to
nine in favor of run-of-mine bituminous.
THE EDISON ELEC. ILL'G CO.
OF WEST CHESTER, PA.

With proper care and intelligent firing, No. 3 buckwheat is
equal to the best-quality run-of-mine bituminous. With the same
conditions, No. 2 buckwheat is 10 per cent better and No. 1
buckwheat 15 per cent better. GEO. L. COLGATE.

1f the various kinds of fuel are burned under the conditions
best suited to each, approximately the same amount of water
can be evaporated by 100 pounds No. 3, 85-90 pounds No. 2,
or 75-80 pounds No. I clean buckwheat coal, or by 65-70 pounds
of the better grades of low volatile semi-bituminous coal sold
in the New York market. W.F. W, N. Y. ED. CO.
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No. 6.—Is it easier for the fireman to handle coal from the
floor with a long-handled shovel or from a charging car with a
short-handled shovel?

In both cases short-handled shovels should be used.
D. KENNEDY.

It is easier for the fireman to handle the coal from a charg-
ing barrow than from the floor, as it is a question of foot-pounds
in raising the coal from the floor to the furnace.

THE EDISON ELEC. ILL’G CO.
OF WEST CHESTER, PA.

The charging car, with a short-handled shovel.
GEO. L. COLGATE.

It is easier for firemen to handle coal from the floor with a
shovel of the standard-length handle.
J. D. A, N. Y. ED. CO.

In the judgment of the writer, it is easier for the fireman
to handle coal from a car with a short-handled shovel, than from
the floor with a long-handled shovel, as with the short shovel
from the car there is less stooping and less strain on the muscles
generally, and the work is consequently less tiresome.

: C. H. HOLLINGSWORTH.

From the floor. W. BLOXHAM.

We use a short-handled shovel in both cases.
THE EDISON ELEC.ILL’G CO. OF BOSTON.

Firemen will handle coal more easily with short-handled
scoop shovel from floor, with room enough for a good swing,
and do more work.

G. R. W,, MALDEN ELECTRIC CO.

From charging car, with ordinary scoop.
S. B. RICHEY.

The question of whether it is easier to shovel coal from the
floor with a long-handled shovel or from a charging car with

’
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a short-handled one, was a subject that received a great deal of
attention from gas engineers about 30 years ago. At that time,
gas was made in retorts and the coal was shoveled in from the
floor or a hand-wagon. Many engineers made careful experi~
ments as to the height of the charging wagon that would cause
the least physical work for the men. The result of the various
trials in many places and covering many years was that the floor
of the charging wagon should be 17 inches above the floor, and
ithe centre of the wagon be placed not less than seven or more
than eight feet away from the retorts. This height of car makes
-it easy for the workmen to force the shovel into the coal by
-pressing against the handle of the shovel, and as the coal is not
lifted vertically the mechanical work done is of translation, which
requires the least number of foot-pounds of work. Our experi-

ence in steam-boiler firing confirms this conclusion.
C. W. HUNT CoO.

I find it is easier to handle coal from a charging cart with
a short-handled shovel, because you have a better control of
your shovel and coal. PERCY H. SKILLMAN.

No. 7.—What is the cost per ton, exclusive of fixed charges
. on equipment, of handling coal from car to boiler-room bins with
modern coal and ash-conveying machinery, assuming an annual
coal consumption of 6000 to 10,000 tons?

The modern coal-handling machinery for a power station
using from 6000 to 10,000 tons of coal per annum can almost
eliminate the labor item. There is no difficulty in arranging coal
and ash-handling machinéry in a station of this size to do the
entire work with one man, provided the coal is received in
cars that dump the entire contents into a conveyor beneath.
The coal would be drawn from an overhead storage bin di-

_ rectly to stokers or to the charging floor.
C. W. HUNT CO.

Six cents per ton. G. WILBUR HUBLEY.

The writer has at hand figures obtained in May, 1901, from
the chief engineer in one of the large plants in New York. For
handling coal from barges in the river to the bunkers at power-
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house, the coal was taken from the barges with a clam-shell’
. bucket, elevated about 8o feet and conveyed an average dis-
tance of 600 feet, at a cost of three cents per ton. The out-
put of this station at peak was about 20,000 horse-power. The
same coal handled from cars would cost less, as it would be
dumped directly into a truck bin and then into the conveyor.
However, with small plants the cost ought not to be above five
cents per ton, provided all coal cars delivered at plant have
hopper bottom. C. H. HOLLINGSWORTH.

About three cents 'pex" ton to handle all coal and ashes.
D. KENNEDY.

No. 8.—What are the results on grates and draft of burn-
ing @ mizxture of bituminous coal and hard-coal screenings, where
formerly bituminous coal alone was used?

It will not affect grate or draft, but more boilers will be
needed to do the same work.
THE EDISON ELEC. ILL’G CO. OF BOSTON.

Have found the burning of hard-coal screenings with the
bituminous coal to be pretty hard on the grates. The mixed
coal will require at least 50 per cent stronger draught to get
the same capacity from the boiler. JAS. E. PYLE.

No. 9.—How many tons of coal should a fireman and passer
handle per day?

A good fireman can firé 10 tons of good coal in a day,
and take care of his ashes. A coal-passer can unload from 40
to 50 tons of coal from a car in a day. W. L. ABBOTT.

One ton per hour, and tend to water.
G. R. W, MALDEN ELECTRIC CO.

A good fireman can handle 1900 to 2000 pounds of soft
coal per hour for an eight-hour day on flat grates. A passer
can handle 50 tons of coal in eight hours and weigh it also

if the haul is not over 100 feet.
THE EDISON ELEC. ILL’G-CO. OF BOSTON. -

About 10 tons. F. ELLWOOD SMITH.
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A fireman can handle 10 tons per day of eight hours, and
a passer can handle 40 tons. GEO. B. TRIPP.

No. ro.—In hand-firing bituminous coal, what is considered
good average results in percentage of free oxygen and carbon
dioxide on tests of from 12 to 24 hours?

Ten per cent of carbon dioxide in fuel gases would be con-

sidered very good average work on tests. .
W. L. ABBOTT.

Nine per cent CO and 11 per cent O.,
THE EDISON ELEC.ILL'G CO. OF BOSTON.

E

BolLERs

No. 1.—What results in eficiency and durability have been
obtained by the use of a fire-brick coking arch over the grates
of an ordinary hand-fired boiler?

I only know from hearsay, but should say that there would
be a gain in efficiency, but not in durability. In fact, there
should be some extra expense in upkeep of brick arch. This
expense would vary considerably with the intensity of the draft.

W. BLOXHAM.

The efficiency of the boiler is not altered by the use of a
fire-brick coking arch. If the draft is insufficient, a long -arch
may reduce the capacity of the boiler. With a good draft no
difference can be observed. A well-built arch fails through the
gradual burning out of the fire-brick at the back edge. In this
respect it has about the same durability as a bridge-wall. If it
is made too flat or is insufficiently braced it may fail through the
bricks loosening as a result of expansion and contraction.

PENINSULAR ELEC.LT. CO.

I could never see any difference in efficiency, but main-
tenance is considerably higher for the fire-brick coking arch.
D. KENNEDY.
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About six months ago, we installed water-tube boilers with
a fire-brick coking arch over the grates and have noticed a
decided gain in efficiency. These boilers are used for inter-
mittent service, and it is necessary for us to get up steam vefy
quickly and to force the fires during operation. The one notice-
able feature has been the fact that the gases from the coal
ignite at the end of the arch before being condensed by strik-
ing the tubes, 'thus making an unquestionable gain in efficiency.
The weak point about this style of furnace is, of course, the
arch, but during construction we were especially careful not
to have any quantity of fire-clay in the joints, the tile being
meérely dipped in a solution of fire-clay and laid brick to brick.
When built in this manner, I have no doubt that the arch
will be fully as durable as the rest of the setting.
E. P. COLEMAN. .

No. 2.—To what extent does such construction abate the
smoke nuisance?

There would be less smoke, but I can not give the per-
centage. W. BLOXHAM.

The fire-brick coking arch over the grates of an ordinary
hand-fired boiler, if made sufficiently long and given air above
the fire as well as below it, will abate the smoke nuisance en-
tirely. The coal must be coked on the front grates and pushed
back and spread with the hoe before fresh coal is put in. If
there are two or more doors to the furnace, only one door should
be fed at a time. The work is harder on the firemen than ordi-
nary firing, and if there is a poor draft it will be impossible
to get the same output from the boiler.

PENINSULAR ELEC. LT. CO.

Probable good effect.
THE EDISON ELEC.ILL’G CO. OF BOSTON.

I find that the fire-brick arch cuts down the volume of
smoke very materially; it is hard to say to what extent, but
I can give an illustration that will convey a very fair idea of
the same. We have at our power station a battery of two
304-hp (nominal) water-tube boilers with fire-brick arches, dis-
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charging the flue gases into a brick chimney 125 feet in height
and six feet internal diameter, and, even when being pushed,
comparatively little smoke is seen at the top of the chimney, and
that of a light color, even this being absent except at the mo-
ment of firing. We also have connected with the same flue a
36-inch vertical heating boiler without arch, which is used at
times when no steam is on the main boilers, and we have noticed
that the total volume of smoke from the large boilers is not
over 25 per cent of the volume discharged by the small heating

boiler and is very much lighter in color.
’ E. P. COLEMAN.

It abates it to a slight extent. D. KENNEDY.

No. 3.—Which is the best practice: to put such a furnace
in front of the boiler, or beneath it in the usual position?

In front. W. BLOXHAM.

Furnace as described should be placed in front of the boiler.
GEO. L. COLGATE.

The best place for such a furnace is wholly or partly in
front of the boiler. Care must be taken that the flame from the
arch does not strike on one spot on the boiler shell, or it will
burn out that spot. If the boiler can not be set high enough
to let the flame die out before it reaches the shell, it is a good
plan to let the grates slope downward toward the back and to
build a hearth of fire-brick on which the flame will impinge
and be broken before it turns upwards toward the boiler shell.

PENINSULAR ELEC. LT. CO.

In front:
THE EDISON ELEC.ILL'G CO.OF BOSTON.

In my judgment it would be best in front of the boiler.
D. KENNEDY.

Putting a furnace in front of a boiler exposes the user to
the danger of losing heat by radiation, but also gives him the
chance of having double walls, and drawing the air in through
the hollow wall, thus using hot air instead of cold.

AUGUSTA RY. AND ELEC. CO.
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A furnace beneath the boiler, in the usual manner, will give
better results than in front of it. S. B. RICHEY.

No. 4—What should be the minimum distance between the
grate surface and the crown of the arch for use with Ohio or
Indiana run-of-mine coal?

From two feet six inches to two feet eight inches.
STEUBENVILLE TRACTION AND LT. CO.

There is no fixed minimum distance. A short arch must
be set lower to do the work. A long arch may with advantage
be set higher. The low arch will.burn out sooner. If there
is a high combustion chamber behind the arch, the arch may
be shortened. The requirements are that the arch shall be
near enough to the coal to ignite it by radiant heat and long
enough to secure the complete combination of the gases rising
from the fuel with the air admitted above the grates. The air
is best admitted through louvres in the fire-doors so that it
will mix immediately with the gases rising from the coal that
is coking. If the air is admitted in this way, the arch over the
front of the grate should come immediately above the fire-door
openings and should be higher over the back of the grate. The
arches of the Babcock and Wilcox chain-grate stokers as now
built are good examples. They are now about four feet long.
The crown of the arch is 18 inches above the grate at front
and 24 inches at the back end of the arch. They used to build
these arches only two feet long. Four feet is much better,
and five or even six feet would increase the security against
smoke. PENINSULAR ELEC. LT. CO.

The long-flame cannel coals of Ohio and Indiana should
be burned in Dutch ovens, and the minimum height of arch
above bed of coals should be four feet The theoretical mini-
mum would vary with the draft, as may be seen by the follow-
ing calculation: ’

Assuming a combustion of 25 pounds of coal per square
foot of grate surface per hour, or .0066 pound per second,
and assuming 30 per cent of volatile matter with the average
formula of CH,, and taking the atomic weight of carbon as
12, we have 7.5 per cent by weight of hydrogen to be reduced
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by eight times its weight of oxygen, which constitutes about
one-fifth of the incoming air.

.0066 X .075 X 8 X 5 = .0198 pound of air per second
required for the hydrogen alone.

Assuming one-sixth refuse we have

.0066 X .759 X 32/12 X 5 = .0665 pound of air required
for carbon.

Total pounds of air required per second per square foot of
grate surface equals .0863, which at a temperature of 2500 de-
grees equals about seven cubic feet per second. Now, a draft
of .25 inch water above grate is equivalent to a velocity of 43 feet

" per second, and the gases will travel to the crown of a four-foot- °

high furnace in about one-tenth of a second, providing 4.3 cubic
feet of air, an insufficient quantity to burn the volatile matter be-
fore it can escape. The action of the arch in baffling the pro-
ducts of combustion, and shunting them into boiler, retards
them sufficiently to give a furnace efficiency that is practically
all that can be obtained under any circumstances.

J. W. BRASSINGTON.

No. 5.—What form of grate bar is preferable for use with
run-of-mine soft coalf

For lignite coal, mine-run, use herringbone grate with one-
quarter-inch mesh. D. KENNEDY.

A good shaking flat grate.
STEUBENVILLE TRACTION AND LT.CO.

A stationary grate with large air space, and it it necessary
that the surface of the bars should be even, to prevent obstruc-
tion of slice-bar. W. T. D, N. Y. ED. CO.

A good shaking and dumping grate, for any coal.
W. BLOXHAM.

Will depend upon the amount of work to be done. For
continuous run would recommend a good chopping grate with

at least 60 per cent air space.
G. R. W., MALDEN ELECTRIC CO.
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One with 50 per cent or more air space.
THE EDISON ELEC. ILL’G CO. OF BOSTON.

No. 6.—Can a boiler be forced as hard with automatic
stokers as with hand-firing?

No; you can not forge the boiler with mechanical stoker
as you can with hand-firing. D. KENNEDY.

The boiler can be forced much harder with the automatic
stoker than by hand-firing under ordinary conditions, if the

stoker is a good one.
THE EDISON ELEC. ILL'G CO.

OF WEST CHESTER, PA.

A good stoker should be able to force boiler harder than
hand-fire. This depends greatly on the grate surface, draft,
etc., in either case. TOLEDO RYS. AND LT. CO.

It can with some kinds of stokers, when slack coal is used
with a very strong draft.
STEUBENVILLE TRACTION AND LT. CO.

The average stoker is much more difficult to force than a
hand-fired furnace and is generally not so elastic; that is, a
low fire or a banked fire is not as quickly gotten into service
as with a hand-fired boiler. . W. BLOXHAM.

A boiler can be forced just as hard with an automatic
stoker adapted to the kind of fuel that it is burning, as it can
with a hand-fired furnace. J. D. A, N. Y. ED. CO.

Yes; a large overload can be handled with stokers with

induced draft.
G. R. W.,, MALDEN ELECTRIC CO.

A boiler can not be forced so hard with automatic stokers
as with hand-firing. S. B. RICHEY.

With the same draft conditions, a boiler can be forced harder
with hand-firing than with automatic stoking, unless the stokers
are so arranged that the fire can be readily raked and stirred.

W. L. ABBOTT.
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Experience has taught me that boilers can be forced harder
with hand-firing than with any mechanical stoker, with one ex-
ception, and that is the Jones underfeed.

JAMES MILNE.

A boiler can be forced much higher by hand-firing. Euro-
pean practice has shown that mechanical stokers are far less
efficient than hand-firing. FRANZ KOSTER.

A boiler with any one of the modern automatic stokers can
be “forced” as much as by hand-firing. The fire can not be
“brought up” as rapidly as by hand-firing.

C. S. JOHNSON.

It depends on the type of stoker and the conditions of draft.
THE EDISON ELEC.ILL’G CO.OF BOSTON.

It can seldom be forced as much with automatic stokers as
with hand-firing, unless the design of the stoker is such as to
permit it and yet avoid getting the fire too close to the boiler.

AUGUSTA RY. AND ELEC. CO.

Yes; depending on.the type of stoker, grade of coal and
so forth. G. WILBUR HUBLEY.

No. 7.—Is there any one stoker that will efficiently handle
both hard and soft coal?

No mechanical stoker will successfully handle both hard and
soft coal. D. KENNEDY.

We believe that there is a stoker that will efficiently handle
both hard and soft coal, but we have no occasion to advertise

the stoker.
THE EDISON ELEC. ILL’G CO.
OF WEST CHESTER, PA.

There is no stoker that will satisfactorily handle both hard
and soft coal. J.D. A, N. Y. ED. CO.

I have never heard of one, and will say here that I think a
weak point in the stoker is its inability to burn different coals.
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A good shaking and dumping grate will burn bituminous,
anthracite, or anything that will burn at all.
W. BLOXHAM.

I believe not; the type of stoker should be adapted to the
grade of coal to be used, or vice versa.
G. WILBUR HUBLEY.

Yes, the “Roney.” .
‘ G. R. W, MALDEN ELECTRIC CO.

We do not think there is any stoker on the market that is
eminently suitable for both kinds of coal. Some stoker manu-
facturers may say so, but experience says no. What is designed
for one kind of coal is unsuitable for the other, and any one
stoker said to be good for both is, in our opinion, inefficient for
both kinds. JAMES MILNE.

No. 8.—How should the blow-off pipes of a bosler be pro-
tected?

If they are tapped in the rear head or in the shell near the
rear end, blow-off pipes for tubular boilers can be protected from
the intense heat at this point by an outer casing of a larger-
sized pipe, say about four inches, and the space filled in with
asbestos, sand or fire-clay. Even then they are liable to give
trouble, especially if there is a deposit of lime or other solids in
the feed water, necessitating frequent renewals. Extra double-
thick pipe two inches in size has given us the least trouble. We
find the difficulty can be remedied to a3 great extent by either
feeding through the blow-off or by tapping the shell on top and
in the rear head above the setting, connecting a continuation of
this pipe so as to produce constant circulation. This extension
pipe should be connected outside the boiler setting, as close as
possible to the blow-off valve. This allows free circulation in
the fire space, but any solids given up by the feed water will
settle between the blow-off valve and the point where this pipe
leaves off. It is a good plan in this case to make connection to
the feed and use it a portion of each day, if you do not care
to feed regularly through this place, so as to keep the valve
clear. With occasional feeding, the best arrangement is to have
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two blow-off valves and the feed tapped in between them. We
had our boilers tapped for the blow-off pipe in the shell at the back
six or eight inches from the head, and also in the head in the
front, our boiler water being very bad. We had a great deal of
trouble with blow-off pipes in the back until we connected them
up as above described. S. S.INGMAN.

By building a fire-brick covering around same, entirely cov-
ering all parts of the pipe. W. H. BANES.

By keeping outside moisture away, protecting against
mechanical injury and keeping them clean by blowing out fre-
quently. D. KENNEDY.

Protect with a coating of fire-clay cement.
GEO. L. COLGATE.

If it runs straight from the boiler through the brick-work,
incase it in a piece of cast-iron pipe of sufficient size to allow an’
air space around the blow-off pipe, so that if the latter should
become filled with sediment it will not get red-hot and burst.
1f the blow-off pipe runs straight down to the ground it should
be built in a brick pier.

STEUBENVILLE TRACTION AND LT. CO.

On a horizontal tubular boiler the blow-off pipe should have
a pier built around it. - W. BLOXHAM.

When blow-off pipes are directly in the path of furnace
gases of high temperature, a split tile, preferably of fire-clay
and with an inside diameter sufficiently large to allow an air
space between pipe and covering, gives the necessary protection.

The practice of using extra heavy annealed brass piping be-
tween boiler and blow-off valve usually renders exterior pro-
tection unnecessary, and is a guarantee of freedom from interior
corrosion. J. P. S, N. Y. ED. CO.

The blow-off pipe of a boiler should be protected by a larger
pipe acting as a sleeve. Where the pipe comes in contact with
the hot gases an extra protection of fire-brick should be added.

G. H. CUSHMAN.
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Blow-off pipes should be protected all around, so as to keep
brick-work from coming into contact with them during expansion
and contraction of the boiler or its setting. If possible, allow
plenty of room for expansion where the blow-off pipes are con-
nected to the common header, as this may cause trouble very
quickly. AUGUSTA RY.AND ELEC. CO.

The blow-off pipe should be protected by means of a globe
valve and asbestos-packed cock in addition. 3
FRANZ KOSTER.

By a pipe sleeve ;lipped on over pipe.
THE EDISON ELEC. ILL'G CO. OF BOSTON.

Should be protected from the direct flame by a cast-iron

sleeve or a brick pier.
G.R. W, MALDEN ELECTRIC CO.

The best way in which to protect the blow-off pipes of a
boiler is to keep a circulation of water through them. This
is best accomplished by feeding the boilers through them.

S. B. RICHEY.

The blow-off pipe of a boiler may be protected by an asbes-
tos covering, fire-brick, or piping. The last mentioned is the best
and most durable. The blow-off pipe is fitted with a pipe of suffi-
cient diameter to give about .25-inch air space. The pipe may
be bent to avoid elbows. If an elbow be used, it should be below
the fire-wall, for protection from the hot gases. ‘

E.E.LEE.

We have a horizontal tubular boiler with a two-inch blow-
off pipe, which we have protected by a three-inch pipe slipped
over it. The three-inch pipe extends through the brick wall of
the boiler setting and is plugged with cement except a very
small hole that allows just enough air to enter to keep the blow-
off from being burned. We consider that the extra life of the
blow-off pipe more than balances the loss due to the leakage of air
into the furnace. FRED B. HUBBELL.

Blow off the boiler often enough to make sure that no pieces
of scale are clogging the blow-off pipes, and the heat will not
injure them. E. A. ASPNES.
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No. 9.—Is the advantage of a surface blow-off sufficient to
overcome the disadvantages of the additional joints, piping, etc.,
where they are necessarily exposed to the fire?

We believe this depends entirely upon the character of the
feed water, but the pipes should not be exposed to the fire. Rather
tap the top of the shell and run down on the inside to the water
level, and put on a tee and a short piece of pipe both fore and aft.
Where the water contains anything of a soapy or oily nature, the
use of this blow-off several times a day may be a cure for foam-

_ing. - S.S.INGMAN.

Under certain conditions, with impure 'water, the advantage
gained may be enough to overcome the disadvantages mentioned.
D. KENNEDY.

In localities where the boiler-feed water is at all good, the
disadvantages of a surface blow-off overcome its advantages, but
in certain localities the surface blow is indispensable.

J.D. A, N. Y. ED. CO.

This depends upon feed water, but if they are exposed to the
fire they need a very strong reason to justify their installation.
AUGUSTA RY.AND ELEG. CO.

In our experience the use of the surface blow-off is fully
warranted, notwithstanding the cost of maintaining the piping,

joints, and so forth. EDGAR B. GREENE.
In most cases, yes. W. BLOXHAM.
No. G.R. W,, MALDEN ELECTRIC CO.

No. 10.—How and where should the feed water be introduced
into a boiler of the horizontal tubular type?

We prefer to feed in the top of a horizontal tubular boiler,
carrying the pipe about half the length of the boiler just above
the flue, on a support that rests on top of the flues, then drop down
to about six or eight inches from the bottom of the shell where
the water is discharged. We are not aware, however, of any
particuiar virtue in this arrangement, and have used all manner
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of means of delivering feed water into the boiler with no per-
ceptible advantage one way over the other.
S. S. INGMAN.

A prominent authority recommends the introduction of the
feed pipe at the front head, just above the upper row of tubes, and
extending along the side of the boiler nearly to the back head.
It then crosses to the opposite side of the shell and, turning down-
ward, discharges between the shell and the tubes. If pipe is too
large it will fill with scale until force of water is sufficient to pre-
vent its further formation. In any case, the comparatively cool
feed water should not be allowed to come in contact with the hot-
test part of the shell, that is, over the fire.

WILLIAM R. GARDENER. -

The water should be fed into the boiler under the surface of
the water directly over the crown sheet.
STEUBENVILLE TRACTION AND LT. CO.

By entering water-feed pipe in the front end of boiler and
running it along above the tubes the length of the boilers, and
spraying into the back end. D. KENNEDY.

I believe the feed water should be introduced through the
blow-off pipe in rear end of boiler, although the boiler insurance
companies prefer the front feed. By introducing the water at
the rear, we are always certain of blow-off being kept clear. The
circulation of the water prevents the burning of the blow-off con-
nections, and the water, being heated by passing through feed-
water heater, does not set up any strains. A. PETERS.

Very good results have been obtained by feeding the feed
water into the horizontal tubular boiler through the front head
above the upper row of tubes, just below the water line, with the
pipe extended on the inside about one-half the length of the
boiler and well perforated with holes in order that the water may
be distributed and not delivered at any one point.

THE EDISON ELEC. ILL'G CO.
OF WEST CHESTER, PA.

Over the top of tubes near rear head, the pipe passing
through water from front head in which it should enter, or on
top near front head. W. BLOXHAM.
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A good way to introduce feed water into a horizontal tubu-
lar boiler is through the head, just above the tubes, thence by a
pipe nearly the length of the boiler, an elbow, a short piece of
pipe carrying to the centre line, another elbow and a discharge
pipe extending down between the tubes. As there is nearly 20
feet of pipe inside the boiler below the water line, the feed water
is heated considerably before discharged, and when discharged
there is little chance of unequal strains.

FRED B. HUBBELL.

I believe the proper place for feed water to enter a horizontal
tubular boiler is to be sprayed in the top of boiler near the back
end. I have had no trouble with a feed of this kind. To be
sure, the mud and some scale will form on top of the tubes under
this feed, but it is easily gotten at. With feed pipes in the bottom
of either end, the scale will form near the end, and also inside
of the feed pipe, and it is hard to get at it in the bottom of the
boiler. W. S. NEWMAN.

Feed pipe should enter boiler in front head over tubes, and
extend back three-fourths of the length of the boiler, cross over
boiler, and discharge into closed part of boiler.

G.R. W, MALDEN ELECTRIC CO.

Feed water should be pumped into a horizontal tubular
through the blow-off pipe at the same rate at which it is being
evaporated. _ S. B. RICHEY.

The feed-water pipe of a horizontal tubular boiler should
enter through the top of the second sheet and extend toward
the back, being on a level with the water line and central horizon-
tally. The horizontal pipe should be provided with enough small
holes to equal the cross section of the pipe. It should extend
to within 18 inches of the rear head and should be capped.

E. E. LEE.

Feed-water pipes entering through the front head over the
top row of flues and on one side, running back in the boiler to
within from two to four feet from rear end, then crossing over
the flues with a nipple pointing down between the third or fourth

flue from the opposite side, have proved very successful.
E. A. ASPNES.
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Feed water should be introduced at some point where the
feed pipe will not be affected by expansion and contraction of the
boiler, and through a pipe that extends some distance through
the water in the boiler, thus preventing the very cold water (when
such is used) from striking any part of the heated metal.

AUGUSTA RY.AND ELEC. CO.

Through the front head above tubes with internal feed

pipe to near the rear head, where it turns and delivers downward.
THE EDISON ELEC. ILL'G CO. OF BOSTON.

No. 11.—Is the water-tube boiler more efficient in every-day
operation than the horizontal tubular boiler? If so, to what
extent?

For small units, it is not. : D. KENNEDY.

We have not found the water-tube boiler, in every-day opera-
tion, better than the horizontal tubular boiler when considered
from the point of view of fuel economy. The main point in favor
of the water-tube boiler is economy in space.

THE EDISON ELEC. ILL'G CO.
. OF WEST CHESTER, PA.

Conditions being equal, I should say that the water-tube
boiler is not more efficient than the horizontal tubular boiler.

W. BLOXHAM. ,

With a proper setting, a horizontal tubular boiler should be:
just as efficient as a water-tube boiler. In my estimation, the:

question of space is the only one to be considered.
GEO.L. COLGATE.

Yes; since it steams more rapidly, can be forced with less
possibility of damage by burning, has minimum danger of ex-
plosion, and is more readily cleaned and kept in repair than a
horizontal tubular boiler. W.T.D, N.Y.ED. CO.

A water-tube boiler, if kept clean inside and outside, is more
economical. AUGUSTA RY.AND ELEC. CO.

No difference. G.R. W,, MALLDEN ELECTRIC CO.
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A large number of tests made by reputable engineers show
that the tubular boiler can hold its own with any other boiler
on the market so far as economy is concerned, and on page 118
.of Bryan Donkin’s “Heat Efficiency of Steam Boilers” it is shown
that out of 11 tests there is an average efficiency of 68.7 per cent
with a maximum of 81.2 per cent and a minimum of 56.6 per cent
with horizontal tubular boilers against 64.9 per cent average effi-
-ciency on water-tube boilers, maximum 77.5 and minimum 50
per cent.

My own opinion is that properly proportioned return tubular
‘boilers, well set and carefully fired, will show as high evaporative
results as any other type of boiler operating under the same
«conditions. JAMES MILNE.

No. 12.—W hat is the comparative cost of repairs between the
water-tube and the horizontal tubular boiler?

If there is any difference it is slight, and in favor of the
tubular boilers. D. KENNEDY.

Repairs should not be needed on either for at least five years
if water and attendance are what they should be, but when the
time comes for repairs the repairs on fire-tube should greatly
exceed repairs on water-tube boilers. w. BLOXHAM.

If the repairs are figured with regard to the horse-power,
they are less in water-tube boilers than in return tubular boilers.
STEUBENVILLE TRACTION AND LT. CO.

About the same. AUGUSTA RY. AND ELEC. CO.

Ten per cent more for a water-tube.
G.R. W.,, MALDEN ELECTRIC CO.

This all depends on the care that has been given them. So
far as the repairs on the brick-work are concerned, there is no
difference. The percentage of repairs on a return tubular boiler
is higher than that of a water-tube operated under similar con-
ditions and with the same care; but if interest on the investment
is taken into account, there is very little difference between the
two types. As an example, take a 150-hp boiler.
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The approximate cost of the return tubular, including the
setting and foundation, would be, say, $1500, while the water-
tube for the same size would be at least $2500.

Return Tubular Water-tube
1. Cost, including setting............ $1500 #2500
2. Repairsongrates................ (same in each case)
3. Repairs on the boiler............. $120 = 8 per cent $100 = 4 per cent
4. Depreciation (first year, say)...... 1so =10 * 125 = § ¢
5. Interest on investment........... go= 6 * 1so=6 *
Totalof 3,4, §eevvvvvennnnn. $360 $375

In the case of the return tubular boiler I have taken the
repairs at $120 per annum, or 8 per cent, which includes renewals
of tubes and general repairs. I have also taken the depreciation
for the first year on the return tubular boiler at 10 per cent. This
is the amount usually allowed, but in many cases it is too high,
as return tubular boilers have a life varying from 15 to 30 years,
depending on the usage.

In the water-tube boiler I have taken the repairs at four
per cent, which might by some be considered high, but still a
conservative estimate. The depreciation I have placed at five
per cent, which certainly can not be reduced. Interest on the
investment I have in each case taken at 6 per cent.

The total cost and depreciation in one case (return tubular)
would be $270 against $225, but by adding interest we have $360
against $375. Omitting interest on the investment, the repairs
and depreciation on the return tubular boiler are highest.

JAMES MILNE.

No. 13.—What is the comparative cost of cleaning between
the water-tube and the horizontal tubular boiler?

The cost of cleaning the water-tube boiler is- considerably
greater than that of cleaning the return tubular boiler.
D. KENNEDY.

Have found the comparative cost of cleaning water-tube boil-
ers to be somewhat higher than that of horizontal tubular boilers.
THE EDISON ELEC. ILL’G CO.
OF WEST CHESTER, PA.

The cleaning of horizontal tubular boilers should be the
ci:eaper under most conditions. W. BLOXHAM.
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If the cost of cleaning is charged per horse-power, it will
be found much less with water-tube boilers, and the cleaning
can be more effectually done.

STEUBENVILLE TRACTION AND LT. CO.

Water-tube cleaning costs more and takes longer time.
AUGUSTA RY.AND ELEC. CO.

Taking the same horse-power capacity in boilers, using the
same kind of water, and with similar hours of service, the cost
of cleaning the water-tube boilers will be at least 40 per cent
in excess of that for the horizontal tubular. This cost is made up
mainly of labor, as it will take twice the time to take off and
replace all the caps over the tubes of the water-tube boiler as is
required to clean a horizontal tubular boiler. The joints must
be cleaned, a large proportion of the gaskets must be replaced,
and where scale is deposited from impure water the cleaning
inside the long tubes is a tedious job. A water-tube boiler must
be out of service at least 24 hours to be opened, cleaned, and
again made ready for steaming. The horizontal tubular boiler
is quickly opened by removing the manhole covers, a cleaner can
get inside, and the boiler can readily be cleaned and closed ready
for service 1in from 10 to 12 hours. J. H. VAIL.

Fifty per cent more for a water-tube boiler.
G.R. W,, MALDEN ELECTRIC CO.

No. 14—What type of mechanical cleaner has been found
most satisfactory for the tubes of water-tube boilers?

When water*is sold by meter, the steam knocker is the
cheapest. The cost of maintenance is far greater in the water
turbine. D. KENNEDY.

I find the Wienland mechanical cleaner a very efficient
machine. W. BLOXHAM.

Wienland power cleaner, or one of similar construction.
TOLEDO RYS. AND LT. CO.

Steam-turbine tube cleaner. G. WILBUR HUBLEY.
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Have not found any that is satisfactory.
THE EDISON ELEC. ILL’G CO. OF BOSTON.

Water turbine. G.R. W., MALDEN ELECTRIC CO.

The best type of cleaner for water tubes is the water-turbine
type. W.L. ABBOTT.

No. 15.—Would it be the better policy for an electric-light
company doing a business calling for 300 indicated horse-power
with a minimum of 70 indicated horse-power, using compound
engines with a ratio of 1:3.48 between the cylinders, driving a
line of shafting and belting to the various machines, to install
high-pressure boilers with superheaters (with the idea of a steam
turbine later), or to continue with the present arrangement of
boilers carrying 100 pounds pressure, and giving about two and a
half per cent moisture in the steam? Engines of the type used at
present have been run successfully at 150 pounds pressure, with
100 degrees superheat, the company being obliged to put in new
botlers on account of the age of the oid ones. The plant ss already
equipped with an economizer that would take up extra heat going
to chimney from superheater.

I would install high-pressure boilers with superheater of
moderate capacity contained in boiler for either turbine or engine.
The turbine is, I believe, not yet out of the experimental stage,
although for electric lighting where the load varies a great
deal I should say the turbine is superior to the small engine.

W. BLOXHAM.

Install the high-pressure boilers with superheaters.
GEO. L. COLGATE.

It would be to the company’s advantage to install high-
pressure boilers and superheaters. ‘
J.D. A, N. Y. ED. CO.

Put in high-pressure boilers and a first-class condensing sys-
tem, and put in the superheater when the turbine is installed.
STEUBENVILLE TRACTION AND LT. CO.
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Two water-tube boilers to be run at 150 pounds pressure,
with flue-fired superheaters.
G.R. W, MALDEN ELECTRIC CO.

It would pay to install high-pressure boilers with superheat,
because, eliminating all practical sources of leakage of power,
we should have a theoretical gain of over 50 per cent in efficiency
of power-generating apparatus. Taking our load as 200 horse-
power on the average for 10 hours, we have:

(1) Loss due to 2.5 per cent moisture at 30 pounds of steam
per horse-power equals 200 X 300 X .025, or 1500 pounds of
water for 10 hours. Assuming the feed-water temperature at
100 degrees, there is a loss of about 17.5 pounds coal, neglecting
losses at engine.

(2) Available heat at 100 pounds gauge pressure (no super-
heat) equals 39 B. T. Us.

Available heat at 150 pounds gauge pressure (160 degrees
superheat) equals 124 B. T. Us.
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