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Preface.

. .. . N L . B

If there are any—and there probably will be many,—who detect short-
comings in this book and are mchned to - cntluse, ‘we ask them to read
this Preface. . .

The idea of getting out the ‘book ongmated some years ago with
one of the editors of the Question Box, who felt that much valuable
information was being lost to ready use by being. scattered. through
many volumes. He knew, further, that there was:no electrical handbook
designed to meet the needs of operators;: although. thers were several
covering the engineering side. It seemed to him- that both. deficiencies
might be supplied at the same time by gathering the information scat-
tered throughout the Question Box into-one volume’ as.the nucleus of a
Central Station Operator’s Handbook. It was with this end in view that
the present work was undertaken.

The field was divided into twenty-five subjects .and assigned to
twenty-six associate editors, each one an authority on his subject, and
they were asked to compile and condense the information to be found
in past issues of the Question Box under their respective assignments.

The work has been done by them gratis and in addition to their
regular work. If, therefore, it has taken time to gather together ma-
terial from the twenty-six men, it is simply evidence of the fact that
the electrical industry is growing and thriving and that the men con-
nected with it are busy to the limit of their time and capacity.

As the first step, each associate editor was asked to draw up a com-
prehensive skeleton form or set of headings for his subject, and later,
to fill in under these headings as much as he could with the material
available in the past issues of the Question Box.

It was soon apparent that many of the subjects were very scantily
covered and that to make a comprehensive work much more informa-
tion and material would have to be supplied.

No attempt to fill in these omissions has been made in the present
issue. It is simply a revision and compilation of existing material, and
the extent to which it is incomplete is the measure of what remains to
be done to round out the complete handbook which the editors have
always had in mind as the final goal. They themselves never expected
to reach it in this issue, but have only hoped that the publication of
this work would form the starting-point for a more comprehensive vol-
ume. These facts should be borne in mind in justice to the associate
editors, who have acted merely as compilers and have not been re-
quested or allowed to insert original matter, and who realize the lack
of completeness better than anyone else. They should not be held re-
sponsible for any defects or shortcomings.
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The material herein includes the Question Box up to July, 1909, only,
and therefore is not quite up to date. This is greatly to be regretted,
because during the last two years the Question Box has contained a
large amount of most excellent material that would have proved valua-
ble. Nevertheless, it was necessary to make a stopping point somewhere
and July, 1909, was fixed upon when the preliminary work of compila-
tion began in the fall of that year.

The industry, and the National Electric Light Association represent-
ing it, have been growing at such a pace that there has been a dupli-
aation of publications, and this volume is quite open to the charge of
covering in part ground already covered by other of the Association’s
handbooks or committee reports. What the editors hope, however, is
that a consolidation can be effected and that all of the Association’s in-
formation of this general character can be gotten out uniform in style,
either in one volume or a series of volumes.

The thanks of the editors and of the Association are due to the as-
sociate editors who have so willingly and capably compiled the material
found herein.

THaE EbpITors,




Editors.

Pavur Lupkg, ALEX. J. CaAMPBELL, JoHN C. PARKER.

Section
number Subject
I...... Buildings
II...... Water-power
III...... Feed Water Heaters, Pumps, Piping
and Condensers
IV...... Fuel
Veeorss Boilers, Exhausters and Stacks
VI...... Steam Engines
VII...... Turbines
VIII...... Gas Engines and Producer Plants
IX ... District Steam Heating
Xeeeunn Rotating Flectrical Machinery
XI...... Switchboards
XITeee.ee Overhead Lines
XIII.. . . Underground Lines
XIV...... Storage Batteries
XVeeeeno Transformers and Rectifiers
XVI.e.nnn Lamps
XVII...... Illuminating Engineering
XVIII...... Electric Cooking and Heating
Apparatus
XIX.een.. Electric Power
XX...... Meters
XXI..eo-s New Business
XXII...... Contracts and Rates
XXIII...... Accounting and Statistics
XXIV...... Management and General Policy
XXV...... Legal Questions

Associate editors
and assistants
1. E. Moultrop
W. N. Ryerson
W. L. Abbott

W. L. Abbott
W. L. Abbott
J. P. Sparrow
J. P. Sparrow
J. B. Klumpp
George N. Tidd,
L. O. Meacham,
Adam Gschwindt
A. R. Cheyney
G. L. Knight

Sidney Hosmer,
Henry W, Stevens
William Yeager
W. A. Layman,
W. S. Moody,
W. J. Wooldridge
R. S. Hale,
T. K. P. Stillwell
Preston Millar
J. D. Israel,
Jas. I. Ayer
E. W. Lloyd,
Chas. J. Russell
George Ross Green,
G. A. Sawin
Percy Ingalls,
Ernest Stahl, Jr.
C. N. Stannard
E. A. Allegaert
John F. Gilchrist
Courtenay Crocker






SECTION 1.

Buildings.






SECTION 1.

Buildings.

GENERAL LAYOUT.

Typical Layout—A good design for a generating station in a town of
6,§lgo people in an eastern coal mining state, is as follows:
he station building to consist of operating-room and boiler-room
side by side, with fireproof division wall between.

Engine-Room.—Two 200-kw. horizontal engine-driven units with two-
phase, 6o-cycle, 2,300-volt generators; one 200-kw. horizontal engine-
driven unit, 550-volt direct-current generator.

Additional space for two 200-kw. alternating-current units; one 200-
kw. direct-current unit.

Boiler-Room.—Four B & W water-tube boilers, 125-hp. each, set in
batteries of two. Additional space for four more of same type. Ar-
rangement as shown in diagram. This arrangement permits a growth of
100 per cent., and if the limit of the building is reached in three or
four years the plant can easily be duplicated at either end.

The stack is shown at the center of the completed boiler-room, the
flues from the boilers entering it from both sides, and the feed-pumps
to be located in the stack bay. The main steam header should be sup-
ported by brackets on the division wall on the boiler-room side, with
leads either overhead or in trenches to the engines.

The condensers are set in pits between the engines and the division
wall, with suction and discharge pipes below leading to the river. Jet
condensers could best be used with combination circulating and air-
pumps; such units being very well adapted for small plants.

The entrance and superintendent’s or chief’s office are located on the
street side of the operating-room, as shown, and along the same side
are the alternating-current and direct-current switchboards.

The coal would be stored in bunkers along the outside wall of the
boiler-room, into which it could be run either by cars or trucks,
flowing from the bunkers into the side of the firing aisle through suita-
ble chutes. The ashes could be handled either by being washed away by
hydraulic conveyor below the ash-hoppers, if a convenient place of
deposit is available, or by hand with a small track and car along the
ﬁ;gg) aisle and thence to carts. (Geo. L. Knight, Brooklyn Edison Co.,
1908.

MATERIALS.

All-Concrete Work.—An all-concrete construction for power house build-
ings should be acceptable if the necessary material is available and cheap.
It is largely a question of the expense of this construction as compared
with other fireproof methods. (’l?he Colorado Springs Elec. Co., 1906.)

Reinforced Concrete Construction.—A concrete construction with suit-
able steel reinforcements should make a stronger building. (H. A.
Strauss, Allis-Chalmers Co., 1906; I. O. Westchester Lighting Co., 1906.)

Brick Cpnatmction.—ln many localities, however, especially for small
low buildings, 9-in. brick walls with pilasters will probably be cheaper.
An all concrete building is apt to be homely unless some special treat-
ment is given the exterior. (Fred W. C. Bailey, 1906.)
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_Concrete Block Construction.—A moderate sized power plant, one story
high, constructed wholly of concrete blocks making a 10-in. wall has
proved satisfactory, easily heated and not unduly damp. (Wm. B.

Jackson, 1906.)

Concrete Substations.—Concrete may be considered a practical material
for substation construction. It makes a very substantial building. (F.
C. Sargent, Malden Elec. Co., 1907; Walter Flint, The Jacob Tome In-
stitute, 1907.) )

The advisability of its use depends upon the conditions and the design
of the station. (H. B. Gunnison, Peninsular Elec. Lt. Co., 1907.)

One objection to this use is the large size of columns and beams nec-
essary, requiring additional room and making wiring layout more diffi-
cult. (J. T. Whittlesey, Public Service Corporation of New Jersey, 1907.)

Large Concrete Buildings.—Concrete construction for buildings of con-
siderable size, especially if they are of considerable height, will prob-
ably cost more than brick so far as the walls are concerned, if the
walls are built by the use of moulds. Concrete floors are generally
cheaper than fire-proof steel-supported floors. If in a locality subjected
to earthquakes, it is advisable to reinforce the concrete with steel.

Another type of construction which gives a pleasing appearance is
to build a steel reinforced concrete frame, filled in with brick curtain-
walls. Concrete, however, should be cheaper than brick construction
for warehouses and shops where the wall height is comparatively low.
(J. T. Whittlesey, Public Service Corporation of New Jersey, 1907; G.
L. Bennett, 1907.) ) -

Concrete Work in Freezing Weather.—Concrete construction .in freezing
weather is something of a gamble, even with the best of care and
material. Cold affects concrete made with Portland cement much less
seriously than that made with natural-cement. If fresh concrete is
frozen and stays in that condition for weeks, there will probably be no
injury if it has plenty of time after thawing to harden before it is
again subjected to cold. Alternate freezing and thawing daily will pro-
duce poor concrete cracked on the outside and with no cohesion within.
Even in this state it will do for great masses, employed to obtain weight
such as a backing for stone-masonry, but it will not do where the
construction requires uniform strength throughout. To prevent damage
from frost it is necessary to keep fresh work warm. When it is in
large masses it may be roofed over and warmed with steam pipes. For
building construction close all window openings with curtains; cover
floors as soon as prepared, with planks, panels raised 6 in. above top of
floor. Heat with salamanders. Steam is used to heat sand and stone
and also to heat and moisten the air in the enclosed space. Use quick-
setting cement, warm sand and stone and sometimes salted water.
(Engineering Record, December 22, 1906.—Ed.)

In Wisconsin a concrete flume was partly built in zero weather. The
sand and gravel were heated and hot water was used. The walls were
carefully protected by a foot of manure. The part put in during cold
weather is as good as that put in earlier in the season. The flume is
now more than three years old. (P. H. Korst, Janesville Elec. Co.,
1907.)

Sometimes concrete is mixed with salt water for winter use, the
ingredients being heated before mixing. Concrete must be handled
quickly and kept covered with salt hay or horse manure if the surface is
to be exposed for any length of time. By these methods, good con-
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crete work can be done in cold weather. (Geo. Ross Green, The Phila-
delphia Elec. Co., 1907.)

Where the situation will permit and extreme cold weather is expected,
the site of the work can be enclosed with a cheap temporary light board
structure, the temperature inside the structure being kept above the
freezing point by means of fire, steam, etcc If the temperature is
liable to fall below the freezing-point before concrete has set, some
protection must be provided. (G. L. Bennett, 1907; Walter Flint, The
Jacob Tome Institute, 1007.)

FOUNDATIONS.

Amount of Water to be Used in Concrete.—The proper amount of
water to be used in mixing concrete is something for which no definite
rule can be given; it varies considerably with the conditions. Concrete
with too much water is a safer mixture to use than concrete with too
little, as it is not certain the latter will set. Concrete has been put in
large foundations so wet as to shake like jelly, yet when set it was as
hard as stone, and of the best quality. A large amount of water in
concrete increases the difficulty of tamping. The concrete reaches its
ultimate strength after about one year if mixed wet, but this ultimate
strength is somewhat greater than would be attained by a dry mixture.
A dry mixture reaches its maximum strength earlier. Less water should
be used in cold weather than in hot weather. If the water has a chance
to freeze before the initial set has taken place, the concrete is absolutely
worthless. (I. O. Westchester Lighting Co.; Geo. B. Springer, Chicago
Edison Co., 1906.)

Tamping.—A great deal of stress is often laid on the amount of
water in concrete and not enough on the tamping. As a matter of fact,
it is the tamping that gives the strength provided the cement is good
and the proportions right. Concrete well tamped is about one-third to
one-half stronger than concrete with little or no tamping. These re-
marks are true only for concrete properly mixed and made of reliable
material. (I. O. Westchester Lighting Co.; Geo. B. Springer, Chicago
Edison Co., 1906.)

So far as has been discovered excess water has no bad effect on the
cement, but it may make the concrete porous, and thereby seriously affect
its strength. (Wm. B. Jackson; Chas. W. Comstock, Denver, Colo., 1906.)

Time Required to Reach Normal Strength.— A concrete structure should
never be loaded to its estimated practical limit (350 to 500 pounds per
square inch with good, rich concrete) before it is seven days old. (I. O.
Westchester Lighting Co.; Geo. B. Springer, Chicago Edison Co., 1906.)

Cinder_Concrete.—Cinder concrete in foundation work, where much
dead weight is to be expected is not advisable. Cinders and clinkers
make a light porous concrete suitable for self-supporting floors and
other places, where there is no liability to absorption of moisture and
where dead weight is undesirable. (Chas. W. Comstock, 1906.)

In using cinders or clinkers in concrete care must be taken to use only
those which are solid and not easily broken, otherwise, the concrete
will be weak. (F. Tobey, Jr., Kingston Gas & Elec. Co., 1906.)

The amount of sulphur in the clinker is something that must be
carefully considered before clinkers or cinders are used. For that rea-
son, cinder concrete is not to be recommended where it will come in
contact with iron or steel. The following table gives the comparative
strength and weight of cinder, gravel and stone concrete: )
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WEIGHT,
Cinder concrete ..............covvuunn... 105 Ib. per cu. ft.
Stone concrete ..........ciiiiiiiniiniann. 140 Ib. per cu. ft.
Gravel concrete ............ooiiinninnn. 150 Ib. per cu. ft.
STRENGTH (ULTIMATE).
Cinder Concrete ............covvvnennennn 1,600 lb. per sq. in.
Stone concrete ..........ciiiiiiiiiiinn.. 2,750 1b. per sq. in.

(I. O. Westchester Lighting Co., 1906.)

Concrete Piles.—Concrete piles have been used quite extensively in
recent years. They are constructed both with and without steel re-
inforcement. They have comparatively greater carrying capacity, pos-
sibly more durability than wooden piles, and they may be used above
the water level whereas wooden piles must be cut off at such a point
that they will always be in water or wet ground. Thus where the water
level is considerably below the basement floor, quite a saving can be
made in the excavation and foundations by the use of concrete piles.
The relative cost of wooden and concrete piles depends largely upon
the locality where they are to be used. (S. C. Foster, Supt. Rappahan-
nock Elec. Light and Power Co.; J. T\ Whittlesey, Public Service Cor-
poration of New Jersey, 1907.)

Further information on this subject may be obtained from Volume
27, April 10, 1907, of Engineering and Contracting; also in the Feb. 13th
issue of same paper. (H. B. Gunnison, Peninsular Elec. Lt. Co., 1907.)

Imperviousness of Concrete—The imperviousness of concrete to the
passage of water depends not so much upon the ingredients as it does
upon the thoroughness and care with which the concrete is mixed,
placed and tamped. A very good paper, entitled, “Experiments on Steel-
Concrete Pipes on a Working Scale,” by John H. Quinton, treats this
subject in detail. This article appears in Bulletin No. 143 of the Ge-
ological Survey, entitled “Water Supply and Irrigation,” which may be
obtained by applying to the Director of the United States Geological
Survey, Washington, D. C. (F. J. Howes, 1910.)

FLOORS.

Fireproof Floors.—All generating stations and sub-stations should be
constructed with fireproof floors, built of brick arches, terra cotta arches
or reinforced concrete arches, carried by either reinforced concrete gird-
ers or steel beams. If the latter are used they should be fireproof as
well as the columns supporting them.

Floor Finish.—The floor finish may be granolithic, tile or the terrazzo
surface commonly used in corridors and halls of office buildings. If the
granolithic finish is employed it should be colored or tinted by the use
of lampblack or coloring matter mixed into the cement giving a more
pleasing appearance and a surface that will not stain so readily from
oil. If a tile floor is desired the smaller sized tile should be used. They
stay in place better and lay up to a truer surface. (W. F. Sims, Chi-
cago Edison Co.; W. W. Titzell, Public Service Corporation of New
Jersey; United Elec. Light Co.; W. E. Moore, Lewiston-Clarkston Co.;
H. N. Crandall, Baker Gas & Elec. Co.; I. E. Moultrop, Edison Elec.
IIl. Co. of Boston; Augusta Railway & Elec. Co.; E. F. McCabe, Lewis-
town Electric Light Co., 1905.)

Opening in Floors.—The proper treatment of floor construction to per-
mit the use of overhead traveling cranes on apparatus in the basement
depends largely on the design of the station and the arrangement of
the apparatus. Where possible it is better to leave permanent open-
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ings in the floor as they provide light and ventilation to the basement
and enable the watch engineer to observe conveniently the operation
of the machinery in the basement without going down stairs. (I. E.
Moultrop, Edison Elec. Tll. Co. of Boston; W. W. Titzell, Supt. United
Elec. Co. of New Jersey, 1906.)

Small panels of reinforced concrete with steel edges or grooved iron
sections of floor with lead surface insertions may be employed where
permanent openings are objectionable. The latter is considered pref-
erable. (Fred W. C. Bailey, 1906.)

A cheaper construction is obtained by flag stones laid in channel iron
supports. (H. A. Strauss, Allis-Chalmers Co., 1906.)

Floor Insulation.—It ijs unsafe to handle electrical apparatus of any
dangerous voltage when standing upon plain concrete floor, for al-
though when the concrete is dry it may be an excellent insulator, yet
when wet this is not the case. People have been seriously burned by
coming in contact with 500 volts and standing upon a damp concrete
floor. (Wm. B. Jackson, 1906.)

Proper insulation, such as a hardwood platform, rubber or cork
mattings, et cetera, should be provided for the protection of those
handling 2,300-volt apparatus installed on cement floors. For very high
voltages the mat should be supported on light frames of wood. (W. W.
Fuller, C. C. Railway Gas & Elec. Co., 1906.)

Dust from Cement.—Cement floors are objectionable because they give
off considerable dust, show oil stains and are not apt to be waterproof.
They are also liable to become rough when subjected to much wear.
A paint manufactured by Toch Bros. of Long Island City has proved
efficacious in eliminating these objections. It consists first, of an ap-
plication of a resinous liquid which seems to permeate the cement. A
second coat of similar material is then applied containing a pigment
which gives a pleasing finish. This makes the floor practically oil and
waterproof as long as the paint lasts. (William Esty, Lehigh Uni-
versity; Geo. W. Stone, The Development and Funding Co., 1907.)

A treatment of paraffin applied to the surface will reduce the amount
of dust from the floor. (Wm. M. Lewis, 1907.)

Another treatment consists of applying a couple of coats of sizing
(a cheap grade of varnish), and then two coats of lead and oil paint of
a desired color. (H. B. Gunnison, Peninsular Elec. Lt. Co., 1907.)

ROOFS.

Shingle Roof.—A good pine shingle roof should give a life ranging from
fifteen to twenty-eight years. A twenty-four inch shingle will last
longer than an eighteen inch size. Old fashioned galvanized iron cut
nails are preferable to wire nails and copper nails are still better.
The quality of pine shingles has deteriorated in the last few years and
Washington red cedar shingles are replacing them with good results.
(Wm. R. Gardener; H. A. C, New York Edison Co., 1904.)

Flashing.—The valley between two pitched roofs should be lined with
metal if a durable tight job is desired. Sheet copper with long laps
and no solder is recommended by the Augusta Ry. & Elec. Co., (Au-
gusta, Ga., 1904) or similar construction soldered at the joints in the
usual way may also be used. (Wm. R. Gardener, 1904.)

A cheaper and less permanent construction is to use tin painted
on both sides extending well under the shingles. (H. A. C, New York
Edison Co., 1904.)

Fireproof Roofs.—For a fireproof building some form of a concrete
or tile roof should be used with suitable waterproof covering on top.



8 'BUILDINGS

Spans of reinforced concrete can be satisfactorily made up to ten or
twelve feet. (J. T. Whittlesey, Public Service Corporation of New
Jersey; Walter Flint, The Jacob Tome Institute; H. B. Gunnison, Pen-
insular Elec. Lt. Co., 1907.) ’

. Furthergnore, roofs for fireproof buildings should be flat especially
if the building is of any considerable size. A good construction con-
sists of book tile carried on light steel trusses without intermediate
supports. The top of the book tile should be covered with a thin layer
of concrete to give a smooth surface and true pitch. Waterproofing is
obtained by five thicknesses of tarred paper, mopped on with hot tar and
finished on top with building gravel spread over hot tar. The under
side of the book tile should be plastered if a smooth appearance is
desired. If it is essential to eliminate all condensation the plastering
should be applied to expanded metal, suspended a few inches below the
book tile. If monitors or skylights are required for light or ventila-
tion, condensation will collect on them, and this can be collected by
gutters arranged to discharge back onto the roof. (I. E. Moultrop, Edi-
son Elec. Ill. Co. of Boston; W. F. Sims, Chicago Edison Co.; F. L.
Williamson & Co., 1905.)

Provided suitable pitch is given to the roof, slate roofing may be
used in place of tarred paper and gravel. This is more durable and
lclékewise n;ore expensive. (W. B. Rolland, Supt., Cape May Light & Power

0., 1905.

A -cheaper construction is obtained by using reworked corrugated iron
for roofing with a layer of heavy roofing paper supported by galvanized
iron netting, two inch mesh, suspended a couple of inches below the
corrugated iron. (W. E. Moore, Lewiston-Clarkston Co., 1905.)

Another cheaper construction consists of two thicknesses of corrugated
galvanized iron supported by light steel trusses. (Wm. M. Lewis, 1907.)

Asbestos lumber shield may also be used for roofing material. (Au-
gusta Ry. & Elec. Co., 1905.)

Slow-Burning Roof.—A slow-burning roof of considerable cheaper first
cost is a so-called mill construction, consisting of 3-in. southern pine
plank, supported by 3 in x 12 in. southern pine purlins, and covered on
the outside by slag roofing which consists of 5-ply felt treated with all
the pitch it will hold.: (E. F. McCabe, Lewiston Elec. Light Co., 1905.)

Rusting of Tin Roofs.—A tin roof may rust or pit under or near a hot
water storage tank while the rest of the roof remains in good con-
dition, because of the sweating due to want of air circulation. (Chas.

Shaw, Newburgh Light, Heat & Power Co.; C. E. Bowe, The Elec.
Co., 1905.) .

Its action may be intensified by the water absorbing sulphuric acid
from the atmosphere forming a dilute sulphuric acid. (W. W. Titzell,
Publi)c Service Corporation of New Jersey; Augusta Ry. & Elec. Co,
1905.

Dividing Line Between All-Concrete and Steel Truss Roofs.—The width
of span where a short span all-concrete roof exceeds in cost long span
steel truss roof, is problematical and depends on type of construction,
general detail of design, etc. This might come anywhere between 25-ft.
and 60-ft. spans. (Chas. W. Comstock; Fred W. C. Bailey, 1906.)

Slate Roofs.—Slate roofs with copper valleys and gutters should be so
constructed that each valley has sufficient slope. One over-lapping free
joint should be provided between every two anchorages, all, of course,
should be properly spaced. A loose drip trough should be provided with
swing supports at all points except at the down spout where the trough
should be anchored. Gutters built onto the roof must be thoroughly
soldered. (I. Lundegaard, Rochester Railway & Light Co., 1909.)
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If trouble is experienced with the joints in sheet copper, it would
seem to indicate poor soldering. This may be overcome by fastening
with tinned copper rivets, then soldering with pure tin and a flux made
up of a saturated solution of zinc chloride more than neutralized by sal
ammoniac. The solution should turn red litmus paper blue. (H. F.
Frasse, Edison Elec. Illg. Co., Brooklyn, 1909.)

CHIMNEYS.

Steel Stacks.—Steel stacks unlined have a life which depends on the
care given them and temperature of escaping gases. (W. B. Bloxham,
Georgia Ry. & Lt. Co. 1903.)

A stack built of 3/16-in. iron at the base and Y%-in. iron at the top,
erected in central Pennsylvania failed in 8 years by rusting through in
one of the top sections. Two similar stacks having Y4-in. stock at the
top showed a reduction of %4 in. in 6 years. (Jas. E. Pile, Edison Elec-
tric Illuminating Co,, West Chester, Pa., 1903.)

The use of steel stacks where exposed to salt atmosphere is not rec-
ommended as they are liable to fail suddenly, even where close examina-
tion shows no evidence of weakness. (Alex. J. Campbell, Norwich Gas
& Elec. Co., 1903.)

Protective Paints.—Central Station men do not agree as to the best
paint for steel stacks and breechings nor as to the methods of ap-
plication. The following paints have been tried and are recommended:
Graphite paint. (W. B. Bloxham, Georgia Ry. & Lt. Co., 1903.) Oil tar,
the by-product of water gas manufacture. (Peoria Gas & Electric Co.,
1003.) The Woodbury hot iron paint. (Edison Electric Ill. Co., Boston,
1003.) A paint consisting of asphaltum, tar and graphite manufactured by
Robert Watt, of Denver, Colo. (W. T. Baker, Denver Gas & Elec. Co.,
1003.) A paint consisting of four parts fine graphite, four parts pow-
dered charcoal, two parts oxide iron mixed with boiled linseed oil.
(N. H. Ledford, Proprietor, Bowling Green Elec. Plant, 1903.)

Method of Applying Paint—It would seem, however, that with steel
stacks removed from the influence of salt atmosphere, there is very
little choice between any of the leading graphite coal-tar paints, or
similar paints, provided they are properly applied. Rust spots should
be removed and joints thoroughly cemented and caulked before painting.
The paint should be well rubbed in and care taken to obtain a uniform
body throughout the entire surface. The stack should neithes be cold
nor very hot when painted. Many of the paints which give good re-
sults in the interior will prove unsatisfactory on stacks adjacent to the
sea-coast. Raney’s enamel iron paint has given good satisfaction, but
along the sea-coast the stacks must be painted very frequently. (L. W.
Byers, Supt.,, Atlantic City Elec. Lt. & Power Co., 1903.)

Reinforced Concrete Chimneys.—A reinforced concrete chimney may
have its strength seriously impaired by horizontal cracks, if they are
deep enough to admit moisture or corrosive gases to the reinforcement.
The steel will rust, and the absorption of the rust by the concrete will
accelerate rather than retard oxidation. This action is liable to so
weaken the longitudinal reinforcement that a high wind will break it.
However, if a chimney is well designed it will probably take a good
many years to reduce the section of the steel to the danger limit. (F. J.
Howes, 1909.)

WATER CONDUITS OR TUNNELS.

Life of Steel in Salt Water.—Structural iron exposed to salt water
would have a length of life which is hard to fix with any certainty. A
10-in. iron beam exposed on one side to salt water might last 20 to 25

2
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years if the water was clean. Contaminated salt water would mate-
rially shorten the length of life. (Clemens Herschel, 1007.)

Concrete Tunnel.—A concrete tunnel with 12-in. walls, roof 12 inches
thick with a s-foot span, reinforced with expanded metal 2 dinches
from bottom of roofing and the entire structure designed to stand 4,000
Ib. pressure to the sq. ft., should be built with a mixture of 1 part
cement, 2 parts sand and 4 parts I-in. broken stone. (Geo. Ross
Green, The Philadelphia Elec, Co., 1907.)

Gate in Tunnel.—When a gate has to be installed in a conduit or tun-
nel, conveying salt water, all metal used in the construction should be
of bronze. (Clemens Herschel, 1907.)

Keeping Tunnel Dry During Conmstruction.—In building a concrete tun-
nel through a water-bearing stratum of sand, freezing the ground is

a_method which will keep the tunnel fairly dry during construction.
(L. H. Conklin, West Pennsylvania Elec. Co., 1908.)

Maintain Tunnel Dry.—With an 8o-ft. head of water a most practical
way to maintain the tunnel dry, is to waterproof it on the outside.
It is doubtful if any compound could be applied to the interior that

would be satisfactory or remain permanent for any length of time.
(I. E. Moultrop, Edison Elec. Ill. Co. of Boston, 1908.)

MACHINERY FOUNDATIONS.

Materjals.-The materials best adapted for dynamo, engine and turbine
foundations are brick and concrete. The considerations governing the

choice of either are principally the cost of materials and labor, and.

sometimes the appearance of the finished work., If the foundation is
to be large, and is at all unsymmetrical or cut up, concrete should
be adopted without question. If solid piers can be used, brickwork is
easily constructed and usually cheaper. If the foundation is exposed
above the engine-room floor-level, brick is usually adopted, and in any
case it would be used for the outside course of exposed surfaces, and
would preferably be enameled brick. :

Concrete Work.—The appearance of concrete work can be very greatly
improved, and the cost of forms considerably lessened by using rough
instead of planed lumber and tacking thin, black sheet-iron (about 24-
gauge) over the entire inside surface of the form. A coat of liquid
grout applied with a whitewash brush over the exposed surfaces of the
foundation, after the forms are removed, gives the job a very smooth
and neat appearance. In large horizontal turbines, where the only founda-
tions are comparatively small piers, and where the height of the pier
is great, we have used concrete with 0.75-inch twisted-steel réinforcing
rods placed vertically 6 in. from surface of pier, the rods extending
into the concrete sub-foundation 18 in. On the generator piers where
the shape used was a hollow rectangle, the rods were placed on 3-in.
centers in rows 6 in. from both inside and outside surfaces. (G. L.
Knight, The Brooklyn Edison Co., 1906.) .

CONVEYORS FOR COAL AND ASHES.

A station of about 1,200 hp. may make use of hoppers and an in-
dustrial railway as a ‘simple and cheap arrangement for taking ashes
from under the boilers to cars or carts for removal from station. (W.
S. Barstow, 1903.) But it is doubtful if a station of this size could
afford to use anything but carts or barrows. (The Edison Electric
Illuminating Co. of Boston, 1903.)
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WINDOWS.

Metal window frames and wired glass should be used where a fire-
proof building is required and especially in cases where a fire hazard
.from adjacent buildings is great. (N. A. Rollins, Chicago Edison
Co.; F. C. Sargent, Malden Elec. Co.; H. B..Gunnison, Peninsular Elec.
Lt. ()30.; J. T. Whittlesey, Public Service Corporation of New Jersey,
1907. . .

All sky-lights in power houses should be made of wired glass. In
case of breakage the glass will then not fall to the floor below. (Geo.
Ross Green, The Philadelphia Elec. Co., 1907.)

. VENTILATION.

Choice of System.—A pressure system is usually preferable to a vac-
uum system for forced ventilation of buildings, but this depends on the
buildipg and its uses. The vacuum system usually causes -draughts
at points where air may leak in. In the pressure system with an out-
ward leakage; large quantities of air may be moved without causing
draughts, provided the system is properly constructed, and care exer-
cised in locating the inlets and outlets. The pressure system necessi-
tates the use of heating coils for warming the incoming air. (B. J.
Denman, 1909.) .

The best method of forced ventilation of buildings depends on the
conditions of that particular installation, such as the relation between
the amount of heat and ventilation required, the use the building is put
-to, whether there is an unusual amount of moisture or obnoxious gases
in any portion of the building, etc. An exhaust system may prove un-
successful on account of the difficulty of controlling admission of cold
air to the various rooms, the condensation of moisture in the cold air
and the presence of draughts in the vicinity of windows. (S. P. Cobb,
1909.)

Combined Pressure and Exhaust System.—Better results are obtained
by a combined pressure and exhaust system, so run that the intake
fan supplies about a third more air than that removed by the exhaust
(flan. Thiil pxzvcla?tfl _draughts from loose fitting windows and exterior

00rS. . A. Rollins, 1909.

( 909.) CRANES.

Substations.—The installation of hand-power cranes for substations
containing rotary converters or motor-generators must be determined
by a study of the local conditions. Under conditions most frequently
met, it is doubtful if they will be used enough to warrant the expense,
especially since rotaries and motor-generators are now being built so
that most of the repairs can be readily and cheaply made with the
machine in place. (H. Bottomley, Fall River Elec. Light Co.; The
Edison Illuminating Co: of Detroit; I. E. Moultrop, Edison Elec. Illg.
Co. of Boston, 1005.)

Crane for Erection of New Apparatus.—If the situation is such that
much apparatus has to be shifted or new apparatus moved past existing
installations, a traveling crane may be warranted. (A. S. Kibbe, Ameri-
can Railways Co., 1905.) .

New apparatus especially of the larger sizes can be erected more
cheaply with the use of a traveling crane, and this, together with a pos-
sible saving of time, when emergencies occur may justify the extra
expense. A portion of this extra cost may be considered an investment
for insurance purposes. (H. T. Hartman, Electric Company of Ameri-

ca, 1905.) COSTS

Brick Buildings.—A brick central-station building with no basement,
and with walls 18 ft. high from floor to bottom of roof trusses, can be
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built for from $1.50 to $2.00 per sq. ft. This includes granolithic floor,
iron-truss roof . framing, and slate roof with Monitor ventilators. (H.
T. Hartman, Electric Co. of America, 1906.)

(1) A power station designed for crane, and 1,600 kw. in generators,
1,000 kw, in rotaries, 1,600 hp. in boilers, slate and steel roof, no base-
ment, concrete footings up to water table, concrete floors, steel roof
trusses, no steel columns, brick walls, total floor area, 8,118 sq. ft., cubical
contents, 260,460 cu. ft., cost of building per cu. ft., $0.063.

(2) A power station designed for crane and 1,500 kw. in generators,
400 kw. in rotaries, 800 hp. in boilers, steel and timber roof, concrete
basement floor, concrete footings up to water table, concrete floors, steel
columns and trusses, brick walls, total floor area, 15,180 sq. ft., cubical
contents, 355,740 cu. ft., cost of building per cu. ft., $0.05.

(3) A power station designed for crane and 1,200 kw. in generators,
poo kw. in rotaries, 1,200 hp. in boilers, brick walls, concrete footings
up to water table, concrete and steel roof, concrete floors, steel columns
and trusses, total floor area, 16,544 sq. ft., cubical contents, 431,826 cu.
ft, cost of building per cu. ft., $0.061.

Nore.—Estimates of building costs based on cubical contents have
very little value, as variations in contents are frequently very great
without materially affecting cost, principally due to differences in roof
construction. A better rule for making a rough determination of cur-
rent building costs is the following: 50 cents per sq. ft. of floor area;
50 cents per sq. ft. of roof area; 60 cents per sq. ft. of wall area.

Figuring on one side of party wall but including basement wall. This
will cover a first-class building having, selected ordinary brick walls,
concrete footings, roof and floors, steel columns and steel trusses and
designed to support crane. (H. A. Strass, Allis-Chalmers Co., 1906.)

DEPRECIATION.

Substations.—A fireproof building devoted exclusively to rotary con-
verters and storage batteries, if constructed so it could be used for
nothing else, should have a depreciation of about 4 per cent.; if the
building is of a commercial type, the depreciation should be 3 per cent.
(B. G. Jamieson, 1909.)

However, such a building built for that specific purpose would un-
doubtedly, through the natural evolution of the art, become obsolete
long before the building would show much depreciation. An amortiza-
tion charge of 10 per cent. 'to cover this would be good accounting.
(T. H. Yawger, 1909.)

MISCELLANEOQUS.

Fireproof Substations for Mines and Smelters.—It pays to build stone
or some other standard form of fire-proof construction for substation
buildings for mines and smelters, as the fire risk is practically eliminated;
but the installation must be of sufficient importance to warrant the in-
creased first cost, and also, the requirements for a station in the given
locality must be of sufficient duration to justify the increased expendi-
ture. (C. W.. Koiner, Pres., Madison County Gas & Elec. Co.; The
Colorado Springs Elec. Co.; H. N. Crandall, Baker Gas & Elec. Co.;
Ww. Moore, Lewiston-Clarkston Co., 1905.)

A water tank exposed to freezing weather may be saved from dam-
age due to the formation of ice by standing one or more sticks per-
pendicular in the tank and near the center. The capillary attracticn
of the water on the sticks causes the ice to bulge or heave at this point,
which results in preventing an excess of pressure of the ice on_the
sides of the tank. (Geo. Ross Green, The Philadelphia Elec. Co.; Her-
bert A. Fife, Commonwealth Edison Co.; J. C. G., 1909.)
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Water Power Plants.

DAM.

Power House Part of Dam.—Where dams are comparatively low there
seems to be no valid objection to incorporating the power house build-
ing as a part of the dam. It is advisable to construct such a dam
of reinforced concrete. (A. E. Walden, 1905.) Such construction may
be used for heads up to 40 or 50 ft. (James B. Foote, 1905.) It saves
cost of long flumes or penstocks (W. W. Titzell, 1905), also wheel pit
excavation and allows depth of river to be utilized as a tail-race. (A.
R. MacKinnon, 190s.) Provision must be made for flood water to
pass without injuring power house, which should be built high enough
to be above any possible flood. (F. L. Williamson & Co., 1905.)

‘With this form of construction care must be used to thoroughly
protect the breast wall against leakage and to see that the river below
the dam has sufficient cross section to prevent backing up of tail water
to a dangerous point. (Augusta Railway & Electric Co., 1905.)

This construction has been carried to the point of locating the power
house inside the dam, which was in this case of reinforced concrete.

W. N. Ryerson, 1909.)

ICE PROTECTION.

Slush or Anchor Ice.—The best means for preventing these forms of
ice from clogging racks or screens is to provide a body of compara-
tively still water immediately above the screens which will freeze over
on the surface. (Edward Peterson; W. J. Trott, 1904; Union Electric
Light & Power Co.; L. E. Watson; E. H. Mather; Easton Power Co.;
F. B. Hubbell; C. H. Hollingsworth; Little Falls Water Power Co. of
Minnesota; E. S. King, 1905; James B. Foote; L. E. Watson; George
M. Pierce, 1906.) . .

If the portion of the racks projecting above the water level be kept
at-a temperature above the freezing point by enclosing them in a build-
ing which.can be heated there will be less likelihood of ice adhering
to them, as the heat absorbed by the exposed portion will be conducted
down the metal of the screens into the parts under water. (W. N.
Ryerson, 1909.) .

Booms or diverters may be constructed in some cases to throw the
ice off to one side of the racks, either allowing it to be swept over
the spillway, or providing a sluice-gate in the dam for flushing it out
of the way.  (C. W. Rice; C. H. Hollingsworth; Augusta Railway &
Electric Co.;.F. B. Hubbell; Franz Koester; L. E. Watson; E. H.
Mather, 1904; H. D. Pope; G. F. Willard, 1905.) o

In many cases the racks or screens may be removed partially or en
tirely, allowing the ice to pass through the turbines or water wheels
(G. B. Lander, 1903; Union Electric Light & Power Co.; Little Falls
Water Power Co. of Minnesota; Easton Power Co., 1904). This, how-
ever is liable to clog the wheels or gates. (G. B. Lander, 1903; C. H.
Hollingsworth, Union Electric Light & Power Co.; Easton Power Co.,
1904; H. D. Pope, 1905.)
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If it becomes necessary to pass this form of ice through the wheels,
clogging may be prevented by introducing a steam jet into the wheel
case, or by heating the casings by fires or by providing extra casings
or locating the wheels in a comparatively warm place. (W. J. Trott,
1903;) C. L. Hoon; Easton Power Co., 1904; H. D. Pope; W. W. Titzell,
1905.

Cause of Anchor Ice.—_Forms at the bottom of swift shallow streams
usually at night, when sky is clear and heat is radiated from rocks, etc.,
on the bottom, thus cooling them to the freezing-point. (W. L. Bird; A.
A, Mace; F. J. Howes, 1900.) :

PENSTOCK, FLUME AND CANAL.

Prevention of Pressure Rises.—Open standpipes, connected to the pen-
stocks as near the Power House as possible, offer the best solution of
this problem. (R. R. Laxton, H. J. Gille, F. B. Sharpe, A. Balsley, 1905.)
Relief valves of air chambers are also used. (L. O. Veser; Augusta Ry.
& Elec. Co.; A. Balsley, 1905.)

Where head is too great to permit use of standpipe, impulse wheels
with deflecting nozzles should be used. (R. R. Laxton; A. Balsley, 1905.)

Danger from Lightning Striking Penstocks.—A wood-stave, iron-bound
penstock always filled with water and resting on the surface of the earth,
partly uncovered, is in no danger from lightning. (C. H. Hollingsworth;
E. H. Mather; Augusta Ry. & Elec. Co., 1904.)

RACKS OR SCREENS.

Cleaning:—A long handled rake either of wood or metal is the best
implement. (Union Elec. Lt. & Pr. Co.; L. E. Watson; C. H. Hol-
lingsworth; E. H. Mather; Augusta Ry. & Elec. Co.; Franz Koester,
1004.) Material collecting on the screens should be brought to the
surface and removed. (Geo. B. Lander; E. H. Mather; C. H. Hollings-
worth, 1904.) Sluiceways may be used for running off the debris after
it has been dislodged from the screens. (Geo. B. Lander; E. H. Mather,
1004.) Racks may be made in two or more sections overlapping each
other and so arranged that one section at a time may be removed en-
tirely for cleaning, allowing the remaining ones to protect the intake.
(Franz Koester, 1904.)

It is preferable to have the face of the screens at an acute angle
with the direction of flow of the stream, as there is then less tendency
for trash to collect on them. (E. D. Blackwell, 1004.)

WATER MEASUREMENT.

Measurement of Head and Tail Water Levels.—In the event of head
and tail water levels fluctuating and measuring points being separated by
a considerable distance, the readings may be obtained by floats above and
below dam with pointers in power house sliding over gauge boards.
(A. E. Walden, 1905.)

Various mechanical and electrical recording instruments may be
utilized to better advantage. (United Elec. Lt. Co.; J. F. Dostal; H.
Bottomley; Augusta Ry. & Elec. Co., 1905.) )

In cases where load is comparatively steady, a recording pressure
gauge on the penstock in the power house will show changes in pres-
sure head, the draft head being determined from water gauge, (either
indicating or recording) as above. (W. N. Ryerson, 1910.)
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STEAM AUXILIARY.

Supplying Fluctuating Load.—With load fluctuations of more than 50
per cent. good results were obtained by using a storage battery floating
on the d-c. side of motor generator sets, the generators being shunt
wound. It was found that the generator load was practically constant,
the battery taking the fluctuations without the aid of boosters, and the
water wheels operated at constant gate opening without governors. A
voltage regulator was used on the a-c. generators. With the d-c.
generators compounded, there was slight variation in the generator load,
causing a variation in alternating voltage not exceeding 2 per cent.
(Easton Power Co., 1904.)

No difficulty has been experienced in operating steam plants in par-
allel with water driven units under severe conditions as to variation
in load. (T. B. Whitted; E. W. Crawford; W. F. Kingan, 1904.) It
is necessary to adjust the governors so that the steam plant takes the
variable load, when lighting service is also being supplied from the
same source. (Geo. S. Carson, 1904.)

Length of Time an Auxiliary can be Economically Used.—This depends
upon size of installation, cost and selling price of current, size and
character of steam plant and its operating cost, load conditions, danger
of shutdowns from shortage of water supply and their cost. (A. E.
Walden; Augusta Ry. & Elec. Co.; H. T. Hartman, 1905.) Water sup-
ply sufficient for 8 months’ operation must be assured to warrant in-
stallation of hydraulic plant. (D. C. Jackson, 1905.) :

COST OF HYDRAULIC ENERGY.

Mechanical Energy.—The price paid for energy generated by wheels
furnished by the owner of the water power varies from $5.50 to $60
per hp-year depending upon local conditions, plant cost, hours use per
day, etc. (Union Elec. Lt. & Pr. Co.; C. H. Hollingsworth; E. H
Mather; Augusta Ry. & Elec. Co., 1904.)

Operating Expenses.—An old plant having an installation rated at 830
hp. and an annual output of 1,700,000 kw-hr. was operated for o0.515
cents per kw-hr, not including depreciation, superintendent, taxes or
general expenses. (H. McNulta, 1904.)

A modern plant of 1,500-hp. rating can be operated for from $3.00 to
$4oo) per hp-year, including only labor and material. (E. H. Mather,
1904.

INFLUENCE OF HEAD ON TYPE OF WHEEL.

Turbines.—Operate best under heads of from 18 to 20 ft. (W. W.
Titzell, 1905.) Can be operated without limit as to head if equipped
with efficient water cushion as a substitute for step or thrust bearings.
(E. T. Copeland, 1905.) Modern reaction turbines are successfully
operating on heads as high as 500 ft. with oil pressure thrust bearings.
(W. N. Ryerson, 1910.)

Impulse Wheels.—Are best for heads exceeding 200 ft. (E. T. Cope-
land, 190s.)

Size of Wheels for Given Head and Power.—To develop a maximum
of 150 hp. and an average of 75 hp. under 75 ft. effective head, two tur-
bine wheels of 75 hp. each would be preferable, (W. W. Titzell; United
Elec. Lt. Co.; Augusta Ry. & Elec. Co., 1905.) These wheels may be
mounted as a pair on the same shaft, the gates being separately oper-
ated for partial loads. The unbalanced thrust must be provided against.
(E. T. Copeland, 1905.)
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Multiple Wheels on Same Shaft for Low Heads.—Two or more pairs
of wheels may be thus connected and operated successfully. (R. R.
Laxton; A. R. MacKinnon, 1905.) The governing problem must be
carefully worked out and the wheels must be submerged at all times
to prevent loss of head. (Augusta Ry. & Elec. Co., 1905.)

RUNNER.

Pltﬁﬂl-——When. occurring on back side of iron blades away from
water pressure is probably due to electrolysis. This may be deter-
mined by taking voltmeter readings between wheels and ground. May
possibly be remedied by fastening blocks of zinc to side of wheel
casing near the runners. (P. H. Kemble; R. J. C. Wood, 1908.)

This is often caused ‘by grit in the water where the guide vanes
and runners are improperly designed. (W. N. Ryerson, 1910.)

BEARINGS.

Wood for Step Bearings.—This material has been used with success
when the bearings run under water and ordinary lubricating methods
are not feasible. (W. W. Titzell; Geo. B. Lander; J. D. Saunders;
Augusta Ry, & Elec. Co, 1905.) Graphite is a good lubricant. (A. E.
Walden; W. W. Titzell, 1905.) Also soaking. the step in oil or beef
tallow. (W. W. Titzell, 1005.) Also plain water. (Geo. B. Lander;
J. D. Saunders, 1905.) Lignum-vitae bearings are self-oiling. (Augusta
Ry. & Elec. Co., 1905.). ) ,

GOVERNOR.

Hydraulic and Steam Plants in Parallel—When the load fluctuations
amount to 50 per cent. or more, operate water wheels 4t -constant gate
opening, allowinig steam engine governors to do the regulating. A stor-
age battery is a useful auxiliary. (E. W. Crawford, 1904.)

Set the water wheel governors to operate less sensitively than the
steam engine governors. (W. F.-Kingan, 1904.)

'SPEED REGULATION.

Good regulation is -dependent on efficient governors and fly-wheel
capacity. (E. W. Crawford, 1904.) Should be nearly as good as with
steam engine governors where Lombard governors are employed. .Is
limited by mechanical considerations such as. wear and tear on gate
operating mechanism inertia of moving parts. (W. F. Kingan, 1004.)

With railway load and Lombard governors 3 per cent. (C. N. Shaw,
1905) ; from 2 -per cert.- to 3 per cent. depending. upon back-water
conditions, momentum of moving parts and relation between capaci-
ties of wheels and ‘generators (A. E. Walden, 1905) ; from 5 per cent.
to. 6 per cent. (United Elec. Lt. Co., 1905); two per cent. (P. H.
Korst; Augusta Ry. & Elec. Co, 1905.) This is dependent upon ratio
between head and penstock length and to sine of angle of hydraulic
slope. Minimum closing time’ of gates may be reduced by suitable
standpipe and automatic pressure relief valves. Balance of gate rigging
must be.as near perfect as possible, (W, N. Ryerson, 1910.)

. EFFICIENCY. o

‘Operation -of Multiple Wheels to Conserve Water.—Arrange individual
gates so as ta be. separately operated, shutting off wheels .as lpad de-,
creases. (Geo. B. Lander; J. B. Foote; C. H. Hollingsworth, 1904.)
Improve load factor. by reducing rates for off-peak load. . (C. W. Rice;.
Augusta Ry. & Elec. Co,, 1904.) Install a smaller wheel. (E. H. Mather,
1004.) Use storage batteries. (Augusta Ry. & Elec. Co;.1004.) . - -
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Efficiency at Low Heads.—From 75 per cent. to 80 per cent. (United
Elec. Lt. Co., 1905); from 50 per cent. to 60 per cent. (Au%:sta Ry.
& El)ec. Co., 1905.) For turbine only—80 per cent. (E. T. Copeland,
1905.

DRIVING MECHANISM.

Substitutes for Bevel Gears.—Mount generator directly on vertical
wheel shaft. (Geo. B. Lander; H. T. Hartman, 1905.) Rope drive.
(Augusta Ry. & Elec. Co.; E. W. Furbush, 1905.) Twisted belt. (H.
T. Hartman, 1905.)

Losses in Bevel Gears—From 8 per cent. to 12 per cent. for large
gears when well made and aligned. This will usually increase with use.
(D. C. Jackson, 1905.)

Successful Use of Bevel Gears for Large Capacities with Governors—
A unit of 135 hp. has been in use for 8 years without trouble with gear
teeth. Wooden teeth should be covered with glue before being driven
into mortises. Keys should be held in place by wooden screws at an
angle so as to go into the teeth. Maple teeth and keys used. (B. E.
Noyes, 1909.)

Belting Versus Gearing—Rope drive preferable and more reliable than
belt, and less noisy and more efficient than gearing. (R. R. Laxton,
1005.) Belting in most cases. (Augusta Ry. & Elec. Co., 1905.) Belting
has a higher efficiency, makes less noise and costs less for repairs
than gearing. (H. T. Hartman, 1905.)

DEPRECIATION.

Depends largely upon style of installation. With modern direct-
connected horizontal water-wheel units and generators, with dams,
buildings, etc., of concrete and steel on good rock foundation, it should
not exceed 5 per cent. This covers building and machinery. In mod-
ern plants, well operated, depreciation on buildings and dams should
not exceed 3 per cent, water-wheels 6 per cent., revolving field alter-
nators 5 per cent., governor and electrical apparatus 10 per cent. (W. F.
Kingan, 1904.)
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Feed Water He&ters, Purifiers, Con&ensers,
- Pumps, ,Pipiqg, Etc.

Venturi Meters, Feed Water Measurement.—The Venturi meter may be
used to measure. hot feed water to within 1 per cent. of -absolute ac-
curacy if used with a duplex pump or if so located that it will not be
subject to surging. (J. D. A, New York Edison Co., 1904.)

We have a 4-in. Venturi meter connected in a feed line carrying water at
a temperature of from 200 deg. to 210 deg. fahr., and a pressure of about
90 1b. gauge. On account of the varying demands for steam, the velocity
in the line (controlled by a pump governor) varies through quite a
wide range. The meter is equipped with the usual registering mechanism,
and, beyond an occasional inspection and adjustmernit of that device,
it has required no attention for several years. Checking against scale
weights shows it to be very accurate. (The Edison Electric Illuminat-
ini Company of Boston, 1904.)

“Rotating Disk Meters.—After four months’ 'service 16 hot-water met-
ers of the rotating disk type were tested for accuracy, with the following
average results:— - . .

.. Per cent. of full rating .......... ..66 100 133
Slow ......... aens P eeeaa ...10.2 5.7 4

The average of all readings showed the meters to be 6.6 per cent.
slow. Under small loads the meters cannot be depended uponm, 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 probably about 10 per cent.
slow. This cannot be. determined exactly from the tests. These met-
ers aré built in two sizes: 1.5-in. on 500-hp. boilers and 2-in. on 8oo-hp.
boilers. (Robert Lindsay, 1904.) :

The life of a hot water meter used continuously at. full load is but
eight months. (O. H. Young, 1905.) Such a meter will have an
error of about 5 per cent. within ten days. (Edison Illuminating Co.
of Detroit.) Experience with  impulse meters shows that some makes
of these meters will run continuously 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,
Com. Edison Co., 1904.) . . .

The concensus of opinion seems to be that meters can be found which
when used with hot feed water will be accurate enough for a check
on the regular operation of the plant, (The Philadelphia Electric Co.,
1905) or for: boiler efficiency tests when well taken care of, if cali-
brated before and after the tests. (A. A. Fielmetzer and A. S. Kibbe,

1905.) ' :
FEED WATER IMPURITIES.

Boiler Compound.—The following formula is recommended for a boiler
compound .for use with feed waters containing moderate quantities
of lime: 40 Ib. caustic soda, 40 1b. soda ash, 35 Ib. liquid hemlock, 15
Ib. gambier. Dissolve in hot water. This will make one barrel of good
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dissolvent. Where water contains much lime, add 20 Ib. tri-sodium
phosphate. (Wm. Wiatte, 1905.)

The following method of keeping a boiler free of scale is described:
Place within a 100-hp. boiler 1 bucketful of washing soda, put in 2
gal. of kerosene oil (after closing the blow-off cocks) and fill the
boiler with water. Feed in at least 1 qt. of kerosene oil every day
through a sight-feed oil cup attached to the feed pipe near the boiler;
that is, between the heater and boiler, so that the oil is not entrapped
within the heater. If it is inconvenient to open the boiler, dissolve
the washing soda in hot water and feed it in with the feed pump or
through a tallow cock (attached between the injector and the valve
in the suction pipe) when the injector is working.

This method was successfully used with feed water having the fol-
lowing analysis. (W. W. Titzell, 1905) :—

ANALYSIS OF SCALE.

Per cent.
Organic and volatile .........civviiienineenneennnnnns 7.3
Calcium carbonate ..........ccveviieeennnennenneacnns 39.9
B 5 A 10.1
Calcium sulphate .........ccooviiiiiiineeienrannennnns 5.3
Magnesia ......covieiiiiiiiiiretieienneaaeen erreees 18.1
1T S 10.9
Iron oxide and alumina ............cciiiiineniinnnnnns 84

With feed water having impurities as follows: 65 per cent. calcium
sulphate, 13 per cent. calcium carbonate, 22 per cent. other substances,
a boiler compound of following formula is recommended: A mixture
of soda ash with a small amount of caustic soda, together with a con-
siderable amount of tannic acid in the form of catechu; quantity and
%ropot;i)gn) to be determined by experiment. (The Philadelphia Electric

0., 1900.

To use water having impurities of the kind and amount as described
by Philadelphia Electric Co. requires a water-softening plant. (W.
* W. Titzell Co., 1906.)

The presence of soda in a boiler, either introduced as a boiler purge
or existing as an alkali in the feed water, tends to produce foaming
when the boiler is working hard, it is destructive to gum gaskets, and
necessitates an increased amount of ail for cylinder lubrication.
Kennedy, Steubenville Traction & Light Co.; W. Bloxham; E. S. Aspnes;
G. R. W. Halden Electric Co., 1904.) )

HEATERS.

Open Heater Advantages.—The advantages of the open type of feed
water heater are:—

1. Safety—operated under atmospheric pressure.

2. Higher temperature of feed water when exhaust steam is used.

3. Reliability and uniformity of operation.

4. Less care and consequently less cost of maintenance. (G. Wilbur
Hubley, 1905.) '

An open heater has the advantage of being more easily cleaned (J.
T. Gowling, 1905), also of giving hotter water, because the water
mixes with the exhaust steam; but, to offset this, the pump will need
more * attention; also, oil is liable to get into the boilers (Edison
Electric Illuminating Co. of Brockton, 1905); and last, the pump must
be flooded. (H. C. Hall, 1905.)

Closed Heater Advantage.—The advantages of the closed heater are:—
1. Where city water is used the pump will have the benefit of city
water pressure.




FEED WATER HEATERS, PURIFIERS, CONDENSERS, ETC. 25

2. The cylinder oil that the exhaust steam contains will not get into
the feed water.

3. The pump will have to handle cold water only,—therefore will be
more easily cared for. (H‘. C. Hall, 190s.)

Location of Heater.—Heaters may be installed between engine and con-
denser and give good satisfaction and increase the economy of the
plant, as the feed water will take up some of the heat from the ex-
haust steam, and, at the same time, reduce the work in the condenser and
thus increase its capacity. (G. B. Leland, 1905.)

If the plant is equipped with an economizer, the gain in heat from
a heater placed between engine and condenser would not be sufficient
to justify the cost of its installation. (W. H. Mills, 1905.)

In plants equipped with steam-driven auxiliaries, sufficient exhaust
steam for heating feed water is usually derived from this source to
render the use of an intermediate heater inadvisable. (The Edison
Electric Illuminating Co. of Westchester, Pa., 1905.)

Cleaning Heaters.—To loosen scale from incrustated heaters, boil out
for twenty-four hours with a strong solution of soda ash, then drain out
the solution, put in three or four gallons of kerosene oil and slowly fill
and drain the heater repeatedly, until the coating is thoroughly sat-
urated by the oil, after which it will be found that the scale can be
readily removed. (H. B. Johnson, 1906.)

PURIFIERS AND PURIFYING COMPOUNDS.

Sea Water.—Sea water in a boiler is corrosive and very injurious.
Pure salt, however, is not injurious, but has the beneficial effect of
increasing the solubility of lime sulphate and tends to prevent its de-
posit as a hard scale. The use of salt with soda ash is not recommended.
(Hartford Steam Boiler Inspection and Insurance Co., 1905; W. A. Con-
verse, 1905.)

Zinc is sometimes suspended in the boilers of ocean-going vessels,
with the object of arresting the corrosive action of the saline or other
active agents in the water, by making the zinc the negative element
and the steel of the boiler the positive element of a galvanic battery.
According to the law of primary batteries, the greatest action takes
place at the negative element, which in this case would be the zinc.
(Louis I. Porter, 1904; C. H. Peters; D. Kennedy, 1904.)

CONDENSERS.

Choice of Condenser.—Under similar conditions, the efficiency of the
surface and of the jet condenser in-producing a vacuum is the same,
but the jet condenser, because of its lower first cost and maintenance
cost and because less power is required for its auxiliaries, is pref-
erable when, because of the presence of oil or for other reasons, it is
rendered undesirable to return the condensation to the boilers. (The
Edison Electric Illuminating Co. of Boston, 1905; Geo. Ross Green,
1907.) But when it is desired to use the condensation over again for
boiler feed, surface condensers are necessary. They also have the ad-
vantage of returning to the boilers in the feed water morc of the heat
of the exhaust steam than is possible with jet condensers. (I. E.
Moultrop, 1905.)

References.—References to literature on the subject of the barometric
condenser are given by B. J. Denman, 1907: Articles in “Power,” Jan-
uary, 1907, p. 1, and February, 1907, p. 01. Geo. Ross Green (1907)
gives a list of patents covering the Weiss counter-current condenser,
which illustrate plainly its operation. Patents Nos. 496,716, 511,519,

577,996, 771,515, 588,585, and 588,586.
3
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_Preuure.Drop in Surface Condenser.—In a surface condenser, the
difference in vapor pressure between the point where the steam enters
the condenser and the point where the dry air is removed, due to the
resistance of the nest of tubes, should be less than o inch in a well-
deslg;led condenser when operated at rated load. (J. T. Whittlesey,
1907.

Value of Dry Vacuum Pump.—The benefits to be derived from the
use of a dry vacuum pump in connection with a barometric jet con-
denser are: less water will be required for a given vacuum: the amount
of water can be adjusted to the load on the engine instead of pump-
ing maximum amount at all times; air pump can be speeded up and
ordinary air leakage taken care of without lowering the vacuum; it will
remove the air and other non-condensable vapors, which the con-
denser will not take care of, and thereby increase the vacuum. (Fred
W. C. Bailey, 1906.)

Causes of Poor Vacuum.—_The failure to secure guaranteed or ex-
pected vacuum in the every-day operation of surface condenser plants,
either with turbines or with steam engines, is caused by:

1. Designing the condensing plant too small for the work,—that is,
making either the entire installation or one of the pieces of the ap-
paratus too small

2. Air leaks in that portion of the condenser and its appurtenances
where the pressure is below that of the atmosphere.

3. By the temperature of the cooling water running higher than an-
ticipated, thereby warming up during the summer months.

4. Leakage through the pump used to remove the water of condensa-
tion and through the pump removing the vapor of condensation, if
there be such a pump in use. .

The above list covers most of the causes of failure in condensing ap-
paratus, but there may be other causes brought about by the peculiar
conditions of an individual installation, which would require special in-
vestigation. (I. E. Moultrop, 190s.)

Counter vs. Parallel Flow.—The most efficient design for a surface
condenser is the counter-current flow. (C. W. Koiner, 1905, and H. C.
Hall, 1005.) I. E. Moultrop, (1905) holds that the parallel flow gives
results equal to the counter-current flow.

Exhaust of Auxiliaries.—Without economizers, all the units of the
surface condensing outfits should be operated by steam, as the steam
will be needed to heat the feed water. (Geo. Ross Green, 1907.)

Authorities differ as to the proper disposition of the exhaust steam
from the dry air pump; if the feed water is heated up to 200 deg. fahr.,
it should go into the condenser.

FEED PUMPS.

Choice of Pumps.—The ordinary steam-driven duplex boiler feed pump
requires from 100 to 200 lb. of steam per hp-hr., and in non-condensing
plants, where there is an excess of exhaust steam for feed water heat-
ing, the motor-driven feed pump is preferable, although it is not as
reliat;le and requires more space. (J. H. Vail, 1904; A. D. Williams, Jr.,
1007.

Because of the difficulties of pumping hot water, due to the liability
of the water to boil in the suction pipe and cause the pump to hammer,
hot water should be delivered to the pump suction under a slight head.
(Edison Electric Illuminating Co. of Boston, 1904.)

Valves.—As hot water tends to soften ordinary pump valves, specially
designed valves should be used for this purpose. (W. F. Sims, 1004.)
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The life of a rubber valve seat in the marine type of boiler feed pumps
is shorter than the metallic, and not as reliable when pumping hot water.
(Geo. W. Richardson, 1905.) A pump with ball valves will operate sat-
isfactorily at slow speed, although the only advantage over the flat valve
is that gritty or viscous liquids containing more or less solids can be
handled; in high-speed pumps the ball valves would be liable to batter
the seats out of shape, owing to the quick and frequent reversals. (The
Knowles Steam Pump Works, 1904.)

Packing.—Metallic packing should be used on plungers of outside-
packed feed pumps, since it keeps them reasonably tight without causing
undue wear, scoring, etc.,, on the plungers, thus saving a lot of expense
that would be incurred by having to renew soft packing frequently, and
in case of horizontal plungers it maintains the plunger in proper align-
ment; whereas with soft packing the weight of the plunger causes it
to wear away the packing on the underside. (I. E. Moultrop, 190s.)

Air Chamber—An air chamber on the discharge side of a feed pump
produces an even flow of water in the feed pipe and prevents or reduces
shocks to both pump and piping. (W. W. Titzell, 1905.) Where the
suction lift is considerable, an air chamber should be placed on the
suction pipe as well. (The Edison Electric Illuminating Co. of West-
chester, Pa., 1905; O. H. Young, 1905.) With duplex pumps working at
slow speed an air chamber is of little or no value. (G. Wilbur Hubley,
1905, and G. F. Willard, 1905.)

Injector vs. Feed Pump.—An injector is preferable to a pump for feed-
ing a boiler if the feed water is cold and no heater is used. Under such
conditions the efficiency of an injector is very high and it works quite sat-
isfactorily, but as a rule a feed pump is preferable, because its speed
is better controlled, it can handle hot water, and effects a great saving of
waste heat when used in connection with a heater and exhaust steam.
(Snow Steam Pump Works, 1904; E. W. Furbush, 1905; B. F. Good-
rich )Co., 1904; Augusta Railway & Electric Co.,, 1904; 1. E. Moultrop,
1905.

COOLING TOWERS.

Value.—While an ample supply of condensing water is preferable, the
fact that many cooling tower installations have been made and are
being used is an evidence of their value, particularly where water for
condensing purposes is not otherwise available, where the cost of fuel
is high, where the character of the feed water is unsatisfactory for boiler
feed, or where there is a considerable amount of long-hour business.
(P. Junkersfeld, 1904, and H. T. Hartman, 1904.)

Natural Draft vs. Fan.—A natural draft cooling tower is larger than
a fan cooling tower and costs from 50 per cent. to 100 per cent. more,
but when the cost of the fan is added, the total costs of the two kinds
of towers are about the same, and the natural draft tower will have the
lower operating cost. (P. Junkersfeld, and G. W. Humphrey, 1904.)
The power required to run the fans and pumps of a cooling tower
amounts to about 6 per cent. of the generated output of the plant. (A.
C. Bach, Los Angeles, Cal, 1907.)

Cooling Ponds.—Cooling ponds or lakes have been successfully used
instead of cooling towers, although when artificially constructed the
first cost is usuglly high. (J. F. Dostal, 1907.) An area of 5 sq. ft. per
Ib. of steam condensed per hour will give results as good as can_ be
obtained with a tower, and will entail less loss of power in pumping.
(B J. Denman, 1907.) A smaller area of pond surface will suﬂice. if
the water is delivered to the pond under pressure and through spraying
jets. (C. J. Embree, 1907.)
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SEPARATORS.

011-—-_01'1 may be removed from exhaust steam by enlarging the ex-
haust pipe and using a separator having plenty of baffling surface and at
least twice the cubical contents of the low-pressure cylinder. (C. F.
Hewitt, 1905.)

PIPING.

Steam Velocity in Pipes.—General practice accepts a standard of 6,000
ft. per min. for velocity of high pressure steam and 4,000 ft. per
min. for velocity of low pressure steam. (W. B. Roland; F. M.
Former, and M. C. T.,, 1904.) Although in Germany pipes are designed
for a velocity of steam of two miles per minute. (Franz Koester, 1904.)

Pipe Location.—The header should be placed in the engine-room to
secure better inspection. (Augusta Railway Company, 1905.) The boiler-
room is the place for the steam header except in plants of very large
capacity. (H. T. Hartman, 1905.)

Pipe Covering.—In covering steam lines carrying superheated steam,
use plastic or sectional covering arranged in layers. (W. Bloxham; W.
J. G., of New York Edison Co., 1904.) Covering without air space will
stand up better if it is firmly put on so that it cannot work loose with
vibration. The air space also acts as a flue to circulate air and carry
away heat if the joints are not tight. (E. E. Lee, 1904.) Magnesia
covering is considered the best material to-day for high-pressure steam
piping. This is used either in the sectional form or the plastic form,
and where a first-class job is required better results are obtained by
applying two layers of sectional blocks next to the pipe and then cover-
ing the whole with a thin layer of plastic material. In any case, the
pipe covering should be protected by heavy cotton duck sewed tightly
in place, and painted. (I. E. Moultrop, 1904.) For outside service
pipes should be covered with a layer of felt, and then placed in a box
filled with sawdust to prevent freezing. The box should be painted to
render it moisture-proof. (John O. Magnani, 1904.)

Color Scheme.—The painting of pipes for different services in different
colors may be of use when the piping system is complicated. Canvas
covering should be saturated with a standard filler and a double coat
of paint applied, so that it may be kept clean. (John McFeeley and Geo.
Ross Green, 1907.)

Radiation Loss.—The radiation loss from tncovered pipes may be ex-
pressed as 1/420 1b. of steam condensation per hour on each square foot
of exposed surface for each deg. fahr. difference in temperature. (D.
Kennedy, 1904.)

Pipe Joints.—For joints in oil piping, rawhide gaskets between flanges
may be used, screw joints being made tight without the aid of solder.
(John McFeeley, 1904.) A paste made of litharge and glycerine may
be used for screw joints. (J. F. Dostal, 1907.)

The following gaskets are recommended for steam headers carrving sup-
erheated steam at high pressures. Corrugated copper disks. (J. F. Dostal,
1007; Fred W. C. Bailey: B. J. Denman, 1906.) McKim double-jacketed,
with asbestos center. (B. E. Morrow, 1907.) Soft iron or steel; as-
bestos board saturated with boiled linseed oil. and both sides covered
with Dixon’s Flake Graphite. (W. W. Titzell. 1905.) A metal core
surrounded by flexible composition. (H. A. Strauss, 1906.) The joint
in any case must be drawn up trne and square and water kept out
of the line as much as possible. Where there is much vibration, large
flanges with thin gaskets give best results. (W. C. Anderson, 1007.)
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. PlP? Expansion.—FExpansion in steam pipes is best taken care of by
inserting a “U” bend of either copper or steel. The steel bend is the
better, but it takes more space than the copper. The stuffing-box type
is not reliable. Short lengths of pipe up to 50 ft. generally do not need
expansion joints.

_ Drips.—The Holly system of handling drips is somewhat more expen-
sive to install than the automatic tank and pump system, but, including
operating expenses, it is the cheapest system at the end of a period
of three or four years. (Edison Electric Illuminating Co. of Boston, 1904 ;
G. B. Leland; 1. E. Moultrop; H. C. Hall; and W. P. Hancock, 1905.)
All lines should be dripped, even though superheated steam is used. In
low-pressure lines any first-class trap returning drips and condensation
to feed water heaters gives good service. (B. F. Good}'ich Co., 1904.)

Valves.—Authorities differ as to the best type. Different types of at-
mospheric exhaust relief valve for use in condensing plants are recom-
mended: The Lunkenheimer regrinding metallic seat valve. (D. Kenne-
% 1904.) Plain weight-loaded globe valve similar to those built by

ward P. Allis Company for the g6th Street engines of the Metropolitan
Street Railway, New York City. (J. D. A, New York Edison Co,
1904.) Vertical atmospheric exhaust valve with water-seal. (B. F.
Goodrich Co., 1904). The Worthington spring type. (Augusta Ry. &
Elect. Co., 1904.) Single-seated, piston balanced, water-sealed valve pro-
vided with dash-pot to prevent chattering. (E. E. Lee, 1904.) A sim-
ple valve with metal disk and groove in which may be inserted a soft
rubber ring when used in connection with turbines. (Francis Hodgkin-
son, 1004.)

A globe valve should be placed so that it closes against the pressure,
in order that the stem may be packed with the.valve closed. It will be
much easier to open a valve with the pressure on if so placed. The
valve stem should be placed horizontally or with the stem up, to pre-
vent a water pocket at the stuffing-box. In a boiler feed line the stop
valve should always be placed between the check valve and the boiler,
so that the check may be taken out at any time without shutting down the
boiler. A still better arrangement is to have a stop valve on each side
of the check valve. (G. W. Richardson, 1904; G. W. Koiner, 1905.)

For use in superheated steam work, the seat and disk of valves
should be made of bronze and the body should be made of steel. (Franz
Koester, 1904.)

Gate valves with removable brass seats and disks have given good
satisfaction for feed water regulation. (E. W. Furbush and W. Blox-
ham, 1904.) Globe valves are preferable for this work. (John A. Wil-
son, B. F. Goodrich Co., 1904.)
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GAS.

The Mond process of generating gas is used for large power plants,
the suction producer for small plants, and the pressure producer for
intermediate sized plants. (R. D. Wood & Co., 1907.)

Natural gas may be burned under boilers and attain an efficiency of
from 60 per cent. to 70 per cent. (Wm, Kent, 1905; W. C. Bailey, 1906),
and at a cost of 10 cents per 1,000 cu. ft. it is as economical as coal at
$2.00 per ton. (Ludwig Kemper, 1906.)

OIL.

A comparison of oil, wood and coal for fuel purposes is as follows:
Taking oil as 100 per cent, wood is II per cent. and coal 63 per cent.
(B. J. Denman, 1907.)

The better grades of coal have a calorific value of from 14,500 to
15,500 B. t. u, while crude oil has values varying from 18,500 to 20,000
B. t. u. In burning oil under a boiler more economy may be had than
in burning coal, because it may be burned with more nearly perfect
combustion. When an oil fire is properly handled, no smoke will be
emitted from the stack, and carbon monoxide (CO) is rarely found
in the flue gases. (Samuel Kahn, 1906.)

On the authority of the Standard Oil Co. the commercial value of a
ton of coal for burning is about three times that of a barrel of pe-
troleum oil. (Paul Lupke, 1906.)

Some advantages of burning oil as fuel are the elimination of all
coal and ash handling apparatus, a reduction of cost of building and
sg:)%k3 and a decided reduction in boiler-room labor. (H. A. Strauss,
I

COAL TAR.

Coal tar was used as fuel under one of seven boilers for about a
year. (David W. Beaman, 1904.)
COKE BREEZE.

Coke breeze has been successfully burned in return-tubular boilers
with large furnaces (W. W. Titzell, 1906) at gas works, by using a fan
giving from 0.3 to 0.5 in. air pressure under the grates, getting an
evaporation of 5.9 to 6.1 1b. of water per pound of fuel. By increasing
the pressure under the grates to 0.8 in. the boilers were oves-loaded
100 per cent. (M. R. Bump, 1906.) Gas house coke may be burned
with the same success as coal. (J. R. Cox, 1906.)

COAL.

Low Grade Coal.—The cheapest grade of fuel when burned in well-
designed and well-set boilers having brickwork in good condition, using
forced draft and mechanical stokers gave an efficiency of 81 per cent.
Allowance was made for the steam used by the stokers, etc. With hand-
firing an efficiency of from 45 to 65 per cent. was obtained. (James
Milne, 1904.) Slack from a high-grade fuel for use with mechanical
stokers is more economical than washed screenings from a low grade
fuel. (W. W. Titzell; G. Wilbur Hubley, 1905.) With limited boiler
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capacity and intelligent hand-firing, run-of-mine coal is the cheapest
fuel. (G. N. Shaw, 1904.) Washed screenings are cheaper as fuel
than either run-of-mine or lump. (Geo. W. Robinson, 1904.)

Value of Coal.—The value of coal may be judged as follows:—

1. By its heating value, as determined by an evaporation test made
under same conditions as to furnace and type of boiler where used.
(E. A. Beckstein, 1905.)

2. By considering the percentage of ash which, if excessive, might re-
duce the value of coal by increasing the cost of handling and mainte-
nance of the furnace. - (Walter Flint, 1905.)

3. By its size, the very small sizes as a rule not being as efficient as
the larger. (J. A. Maloney, 190s.)

The relative evaporative value of run-of-mine, bituminous, and No. 3
buckwheat anthracite coal are equal, with proper care and intelligent
firing. No. 2 buckwheat is 10 per cent. better and No. 1 buckwheat is
15 pe)r cent, better. (Geo. L. Colgate; W. F. W,, New York Edison Co.,
1904.

Spontaneous Combustion in Storage.The liability to spontaneous com-
bustion in storage coal may be determined by chemical analysis, it being
related to the percentage of volatile matter. (R. H. Hadfield; Geo. M.
Tidd, 1906.) In storage coal an excess of sulphur makes it liable to
spontaneous combustion. (Wm. Kent and R. N. Kimball, 1906.) Spon-
taneous combustion is sometimes caused by moisture in the coal. (Geo.
W. Richardson, 1906.)

To prevent spontaneous combustion in storage coal, the coal should be
perfectly dry when put in storage (D. Kennedy; Edison Electric II-
luminating Co. of Boston, 1904) and a ventilation system of perforated
pipes should also be provided. (G. W. Koiner, 1905.) The pipes should
be 2 in. in diameter and placed in vertical position in the coal pile at
different depths, the ends being allowed to project above the pile in
order to carry away gas as well as acting as ventilators. (Samuel
Kahn, 1904.) The height to which coal may be piled for storage
depends on the quality of the coal, varying from 8 ft. to 30 ft. (Lud-
wig Kemper; R. N. Kimball; Fred W. C. Bailey, 1906.)

Putting Out Fires.—The best method of putting out storage coal fires
is to move the coal as soon as possible. (H. T. Hartman, 1905.) A
coal fire may be put out by driving a pipe into the pile to get beyond
the layer of coke which forms over the fire, then forcing water through
the pipe, flooding the fire. Water thrown on top of the pile simply
runs off over the layer of coke.

Weathering of Coal.—The weathering of bituminous coal causes a loss
of 14 per cent. in heating value. (Wm. Kent, 1906.) Reaches perhaps
6 per cent. in six months, (H. T. Hartman, 1906.) Its steaming quali-
ties are not impaired, the deterioration being physical, not chemical.
(W. L. Abbott, 1904.) There is no appreciable loss with Illinois third
vein lump stored three months. (Ludwig Kemper, 1904.) There is
no deterioration of Iowa coal stored eleven months. (R. H. Hadfield,
1904.) Deterioration is rapid at first, but lessens after the first month
or so. (D. Kennedy, 1904.) . .

From experience of Western Electric Company with coal stored under
water at Hawthorne, Illinois, the following deductions are made:

1. Storage of coal under water appears to offer economic and other
advantages over storage with exposure to air, whether wholly. in the
open or under shed. . ]

2. The saving in calorific value and gain in working power is probably
due to the retention more completely by the coal of its original ch.emical
and physical properties lost in storage in air by: (a) dissipation of
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natural volatile constituents, (b) oxidation, and ( ¢) the weathering effect .
of sun, wind, rain and frost. (Paul Lupke, 1907.)

Coal Handling Apparatus.—The most economical way to handle coal in
stations of 100 kw. rating or less is by means of chutes delivering coal
from cars direct to boiler-room floor in front of furnaces, or by in-
dustrial trackage carried parallel with the furnace fronts, upon which
charging cars are run. (H. T. Hartman, 1906.) For stations over the
above size, and where the extra cost of building to carry overhead
bunkers is not objectionable, the most desirable arrangement is, of
course, mechanical stokers supplied by chutes connected to overhead coal
bunker, forming part of the building proper and carrying a considera-
ble storage of coal.

Bunkers.—For these stations, the use of mechanical stokers and
overhead bunkers undoubtedly results in a considerable reduction of
labor item. An arrangement somewhat less elaborate than the last
described, which does away with the frequently objectionable large cost
of building construction, is to provide a traveling coal bunker, which
may be moved along and parallel to the fronts of the boilers. This
traveling bunker gathers up its coal from a self-contained conveyor and
is moved along electrically to charge the several stokers. (H. A.

Strauss, 1906.)

Handling Coal—Most authorities agree that it is easier for a fireman
to handle coal from a charging car, (S. B. Richey, 1904), the floor of
which is about 17 in. high, than from the boiler-room floor, using a
shovel with the standard length handle. (Geo. Colgate; D. Kennedy; C.
W. Hunt Co., 1904.) One fireman can handle about 10 tons in an
8-hour day (F. Ellwood Smith, 1904), and the passer can handle from
40 to 50 tons in the same time. (W. L. Abbott; Geo. B. Tripp, 1904.)

Cost of Handling Coal.—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 6,000 to 10,000 tons, is 6 cents a ton. (G. Wilbur Hub-
ley and G. H. Hollingsworth, 1904.) D. Kennedy gives 3 cents a ton
as the cost of handling coal and ashes under the above conditions. The
Philadelphia Electric Co. gives 114 cents per ton as the cost of handling
coal where coal is dumped from cars into hoppers. Other authorities
g!i:e from 3 to 5 cents per ton as the cost on handling coal in modern
plants.

B. t. u. Contracts.—Buying coal in accordance with contracts based on
the analysis for B. t. u. has given good results. (M. L. Sperry, 1907;
Albert Lea Light & Power Co., 1906; Illinois Maintenance Co., 1905.)
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TYPES.

Choice of Type.—Properly proportioned return-tubular boilers, well
set and carefully fired, will show as high evaporative results as any
other 3'pe of boiler operating under the same conditions. (W. Blox-
ham; G. R. W,, Malden Electric Co., 1904.) For Indiana and Illinois
coals, internally fired boilers are not satisfactory on account of limited
furnace room and grate area. (R. N. Kimball, 1906.) If supplied with
Morrison furnace, they are satisfactory for steam pressures above 125
Ib. per sq. in. For a small electric light station of say 250 hp., three
return tubular boilers should be used in preference to two water-tube,
as they are easier to take care of, operate and repair. (Steubenville
Traction & Lighting Co., 1904.)

The Heine open water-leg allows the free and unrestricted circulation
of water through all the tubes. (D. Kennedy and S. B. Richey, 1004.)
The Babcock and Wilcox separate header restricts the flow through the
7, 8, or 12 tubes, because of its small cross section. The circulation
through the upper tubes is also retarded, because the water from the
lower tubes has a higher velocity, due to head and more intense heat.
Hence the advantage of the Heine over the Babcock and Wilcox ar-
rangement. (E. E. Lee, 1904.)

A boiler using the horizontal or Heine pass was changed so as to
have the cross or Babcock and Wilcox pass, and by actual test there
was an increase in economy of between 10 and II per cent. when
running under exactly similar conditions. (Reginald Constable, 1904.)
Another point in favor of the cross pass is that any soot that lodges on
top of the tubes falls down into the combustion chamber when the boiler
is being cleaned. With the horizontal pass the soot that is blown from
the tubes simply falls to the bottom row of tile, lodges there, and keeps
increasing each time the boiler is blown.

The Heine parallel pass known as horizontal is preferable to the cross
pass, because experiments have shown that it is from 6 to 10 per cent.
more efficient in the absorption of heat. (A. Bement, 1907.) Besides,
the baffles are close fitting, and when broken or burned out can be easily
renewed, the latter being impossible with some cross-pass settings. (H.
M. Lyman, 1904.) Provided both types of boilers are operated under
similar conditions, there is no difference in the economy in the two types.
(James Milne, 1904.)

MATERIAL.

Charcoal iron is preferable to steel for boiler tubes for both the re-
turn tubular and water-tube boilers on account of less liability to
cracking and splitting (W. W. Titzell, 1906), and can be re-rolled in
case of leaks at the headers; also they are longer lived and thus more
economical, considering first cost, service and maintenance. (G. Wilbur
Hubley and Edgar B. Green.) Charcoal iron tubes, such as were used
20 years ago, cannot be bought, and therefore the steel tubes of to-day
are r)nore reliable than the so-called charcoal iron tubes. (H. M. Ly-
man.
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SETTINGS.

_The front end of the drums of all boilers should be supported sta-
tionary and independent of the brick setting, and the rear end supported
on rollers to allow for expansion. (A. E. Walden, 1906; W. Bloxham;
S. S. Ingman, 1904.) ‘The side walls of the setting of a 60-in. x 18-ft.
tubular boiler should be 20 in. thick. (L. W. Greene, 1906.) The rear
arch should be self-supporting and no material but fire-brick used in
it. (W. H. Banes, 1904.)

The Hartford Steam Boiler Inspection and Insurance Company rec-
ommend a rear arch whose axis is parallel to that of the boiler itself
and in which the arch brick is supported on cast iron ribbed clamps which
rest on the side walls. (H. ’IP Hartman, 1904.) Wrought iron “T”
beams or 2-in. pipe may be used to support the fire-brick of the rear
arch, and the whole covered with common brick laid in asbestos. (S.
B. Richey; S. Ingman, 1904.)

Boiler setting should be built with an air space between inner and
outer walls to permit of expansion and contraction of the fire-brick.
(J. D. A, New York Edison Co.; Reginald Constable; H. M. Lyman,
1904.) An objection to such an air space is that it renders it difficult
to prevent air leakage through the setting; the air space affording a
communication between cracks in the outer and the inner walls. (D.
Kennedy; Geo. L. Colgate, 1904.) Boiler settings may be tested for air
leakage by building a smoky fire with oily waste and then closing the
damper and observing where the smoke escapes through the walls. (H.
T. Hartman; S. S. Ingman, 1904.)

FURNACES.

Choice of Type.—The best design for a furnace using coals high in
volatile matter is of the “Dutch oven” type, or a construction using the
same principle, which brings the gases in contact with incandescent
arches. (Reginald Constable, 1904.)

To burn Iowa block coal the only special furnace feature required is
to place the boiler.at an ample height above the grate bars (about 3 ft.
6 in. in the case of a horizontal tubular boiler) and to provide for an
ample supply of air through the grate bars. (H. T. Hartman, 1905.)

he fire-brick coking arch above the grate of an ordinary hand-
fired boiler has been used with good results. The arch brick were set
up with very little fire-clay in the joints, the bricks being merely dipped
in a solution of fire-clay and laid brick to brick. Most authorities agree
that it would be best to set furnace, with brick arch as above, in front
of the boiler instead of under; the height of the arch being from 18
to 27 in. above the grate. (E. P. Coleman, 1904.)

STOKERS.

It is generally conceded that with chain grates or other mechanical
stokers, a lower grade of fuel can be successfully burned than is
possible with hand-firing. (Toledo Railway & Light Co.; C. W. Koiner,
" 1005.) Although there is a difference of opinion as to whether hand or
stoker firing will give the greater boiler capacity, all agree that me-
chanical stokers effect no net saving in plants lower in capacity than
a certain minimum, which is fixed by various authorities at 5,000 kw.
(J. B. Denman, 1904), and between 2,000 kw. and 400 kw. according to
conditions. (H. Bottomley; 1. E. Moultrop; E. F. McCabe, 1905.) To
burn hard coal on a chain grate is wasteful, and for the same work a
larger grate surface is required for hard coal than for soft coal. (W.
W. Titzell, 1906.)

-
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BANKING FIRES

.In a plant having three boilers for peak load all authorities would ad-
vise banking one_ fire when the load falls within the capacity of two
boilers. (G. W. Richardson; G. W. Koiner; G. Wilbur Hubley; W. P.
Hancock, 1905.) .

OIL BURNERS.

To_obtain the best combustion in oil burning in a brick arch furnace
the oil should be atomized by steam and burned. The brick arch serves
as a protection to the boiler. (G. H. Chapman, 1905.) Another method
is to use a brick checker-work and then remove the bridge wall, and
brick over about two-thirds of the grate surface. (E. A. Walden, 1905.)
The cheapest method of holding steam on boilers kept as a reserve
against breakdowns is to burn fuel oil or gas. (J. T. Whittlesey, 1907.)

SMOKE PREVENTION.

. With a tile roof furnace and a properly selected and arranged stoker,
it is possible to produce a smoke-proof apparatus, as illustrated and de-
scribed in the December, 1906, issue of the Journal of the Western
Society of Engineers. A hand-fired furnace, constructed on the prin-
ciple referred to, can be made practically smokeless. (A. Bement, 1907.)

The Engineering Record of March 23, 1907, describes the “Ganz”
smoke preventing device, which consists essentially of automatic damper
and furnace steam jet control actuated by the opening of the furnace
door. A boiler trial is described, in which the device increased the
boiler efficiency from 74.4 per cent. to 81.8 per cent. with a practical
suppression of smoke. (Paul Lupke, 1907.)

Successful instances of smoke prevention with Jones underfeed, Mur-
phy, and other stokers are described. (H. H. Rice, 1907; United Elec-
tric Light Co.; 1. E. Moultrop; A. Bement, 1905.)

A hand-fired plain grate, set under a fire-brick arch and supplied with
air above the fire, can, with proper firing, be run smokeless. (Penin-
sular Electric Light Co., 1904.) The Kent wing wall furnace, with
proper firing, can be run smokeless. (H. T. Hartman, 1906). Another
method of smoke abatement, which can be used with either hand or
mechanically fired furnaces, is to mix with the soft coal from 15 to 25
per cent. of the smaller sizes of hard coal. -(W. W. Titzell, 1905.)

SUPERHEATERS.

The tendency in this country and in Europe is to use superheated
steam, ranging from 100 deg. to 150 deg. fahr. above the temperature, due
to the pressure. Out of 40 plants investigated, ranging from 2,000 kw.
to 4,000 kw., 34 used superheat. From the results of various tests, a
gain of from 10 to 11 per cent. per 100 deg. fahr. superheat was observed
in the steam consumption of the turbine, the gain being practically the
same at all loads.

Although the superheating boilers are efficient and economical, mod-
ern practice tends to place superheating coils in the boilers. (W. K.
Alger," 1906; Dudley McFarland, 1905.)

DRAFT PRODUCTION.

Methods of Producing Draft.—A simple means of increasing the draft
is to blow steam through an expansion cone in the base of the stack.
(Reginald Constable, 1904.) Another method is fo use a steam blower,
discharging into a tight ash pit. (E. E. Lee, 1905.) A steam blower
requires for its operation from 5 to 15 per cent. of the steam generated
by the boiler which it supplies (H. T. Hartman, 1905; M. E. Oliphant,
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1907), whereas a fan blower, driven by a direct-connected engine, re-
quires but 114 per cent. of the steam its boilers generate, and the en-
gine exhaust is available for feed water heating. (Carl S. Dow, 1907.)
The use of steam blowers is warranted in some cases. (H. T. Hart-
man, M. E. Oliphant, 1907.)

In a plant of 600 kw. rating it would be better practice to have a
good chimney than to have forced draft and economizers. (G. W.
Hubley; G. W. Richardson; W. B. Roland, 190s.) :

The capacity of the boilers at the Hudson River Electric Power Co.
was increased and a saving of 20 per cent. in the cost of coal effected
by using the McLean balanced draft system of the Enginecring Co. of
New York. (C. E. Parsons, 1907.)

Forced vs. Induced Draft—With forced draft air is forced through the
fire, the pressure above the atmosphere being maintained either in the
closed ash-pit or in the closed fire-room. The latter arrangement is
practical only in marine service. (E. E. Lee, 1905.) With the induced
or suction method the products of combustion are exhausted from the
furnace, a partial vacuum is produced therein and air thereby caused
to flow through the fuel. Both systems, however, operate to produce
a pressure difference between the ash-pit and the combustion chamber,
and, other things being equal, there is no conclusive evidence that one
method is superior to the other; the one to be adopted must depend
upon conditions, and the advantages as compared with chimney draft
are common to both. (C. C. Cortland, 190s.)

Forced draft is more economical than the induced draft system for
the following reasons: Less power to operate, because of smaller vol-
ume of gas; less maintenance and depreciation, because gases are cool
and free from sulphur compounds; less leakage in boiler settings, be-
cause of less difference of air pressure between gas passages in boiler
and atmosphere, with a given difference of pressure below and above
the grate. (W. W, Titzell; G. Wilbur Hubley; C. F. Heywood; G. F.
Willard, 1905.)

FLUE GAS ANALYSIS AND TEMPERATURE.

Temperature Measurement—For determining chimney temperatures a
mercury column pyrometer is the most reliable instrument, and can be
obtained to read up to goo deg. Barring actual breakage, a mercury ther-
mometer will always read fairly accurate. A Siemens pyrometer is
reliable, but involves labor and some skill and judgment. A thermo-
stat pyrometer with mechanical connections to a gauge is too liable to
get out of order. (G. Wilbur Hubley; J. W. Brassington, 1904.)

Proper Flue Temperature.—Most authorities advocate a flue tempera-
ture of from 500 to 550 deg. fahr. (B. F. Goodrich; G. Wilbur Hubley.
1904.) Actual tests have shown as much as 15 per cent. more water
evaporated with the flue temperature ranging from 350 to 400 deg. fahr.
than with the flue temperature ranging from 500 to 600 deg. (James E.
Pyle, 1004.)

CO, Determinations.—For determining the percentage of CO. in the
waste gases of boilers, the econometer, gas composimeter, and Ados
apparatus are all automatic and continuously-indicating instruments.

he chemical econometer and Orsat apparatus are simple chemical in-
struments, but require personal manipulation. All of these devices are
good and efficient. The Orsat apparatus is much the lowest in cost and
is to be recommended in the very large majority of cases, because the
other instruments require a little care and attention, and in a plant
where condition of combustion and furnace performance has only oc-
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casional attention, they suffer neglect and so get out of proper condi-
tion through no fault of the instrument. (A. Bement, 1905.)

REPAIRS.

Extent of Repairs with Different Types of Boiler.—The percentage of re-
pairs on a return tubular boiler is higher than that of a water-tube boiler
operated under similar conditions and with the same care; but if
interest and the investment is taken into account, there is very little
difference between the two types. As far as the brick work is con-
cerned there is no difference in the two types. (J. H. Vail, 1904.)

Inserting Fire Tubes.—A tube of a boiler may be expanded with the
boiler full as well as empty, but no hammering or calking should be done
when the boiler is full, as the concussion will cause leaks in ‘other
parts of the boiler. (C. N. Shaw; W. W. Titzell, 1905.) A tube should
be removed if it leaks or if it is badly pitted on the inside or outside,
or if)it is blistered or tends to pull out of shape. (Reginald Constable,
1904.

Patches.—A boiler head or shell, if patched where exposed to the
products of combustion, should have a hard patch, namely, a steel plate,
riveted over the injured part and caulked. In other places, (unexposed),
a soft patch may be used; that is, a steel plate bolted over the injured
part, with white lead and iron filings between the patch and the original
plate. The patch plate should be crimped at least an eighth of an inch.
(Reginald Constable, 1904.) Defective heads must be renewed. Patches
on the bottom plates of the shell should be put on the inside. Else-
where on the shell it does not matter whether the patch is outside or
inside. (D. Kennedy, 1904.)

COST OF OPERATION.

Labor.—A fair figure for boiler-room labor for non-condensing sta-
tions having an annual output ranging from 1,500,000 to 2,500,000 kw-hr.
is 0.2 cent per kw-hr. (A. L. Lansberg, Philadelphia Electric Co., and
H. T. Hartman, 1905.)

Cleaning.—With the same horse-power rating 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. (J. H. Vail, 1904.)

The cost of clearing scale from drums of water-tube boilers, using round-
ed nosed chisels operated by compressed air, as compared with hand chip-
ping is 50 per cent. less with the mechanical cleaners. (J. D. A, New
York Edison Co.; W. Bloxham.)

CARE.

Parts Out of Service.—The best way to preserve a boiler out of ser-
vice is to empty the boiler (A. F. Hall, 1905), dry it out thoroughly
with a charcoal fire, and then place quicklime on the inside to take up
any moisture. (Edison Electric Illuminating Co. of Westchester; C. N.
Shaw; G. W. Richardson, 1905.) Another method is to keep the boilers
full of water and steam them about once a month. (G. W. Hubley;
G. W. Koiner; Wm. Wiatte, 1905.) Still another method is to.put in
2 or 3 gal. of crude petroleum when the boilers are full and then blow
them down, leaving a coating of oil over the entire internal surface. (W.
W. Titzell, 1905.)

Tube-Hole Gasket.—Tube-hole cover should be on the inside and the
joint made with a rubber or lead gasket, soft enough so that one man
with a short wrench can pull it tight when cold. It will always hold
when warmed up with pressure on it and will relieve the bolt of strain.
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The outside cap needs to be pulled up with a long wrench and generally
by two men, and it needs tightening again when warmed up: and the
higher the pressure, the greater the strain under which the bolt and
plate must be placed to resist a leak. (H. M. Lyman, 1904.) A com-
posite gasket of copper wire, lead or zinc alloy will give good service.

W. H. Banes, 1904.)

From the standpoint of the convenience in taking off and replacing
them, it is preferable to have the hand-hole plates on the outside. (Reg-
inald Constable; J. D. A, New York Edison Co. 1904.) The plates
should be numbered in order that they may be put back in the original
location, thereby lessening the chance for leakage. (Augusta Railway
& Electric Co., 1904.) The oval hand-hole cover is better than the round.
(D. Kennedy; Edison Electric Illuminating Co. of Boston; Augusta Rail-
way & Electric Co., 1904.)

RATING.

The standard code for steam boiler trials adopted by the American
Society of Mechanical Engineers. a few years ago provides two effi-
ciencies that are recognized standards:

. .. ___ Heat absorbed per 1b. of combustible
(1) . Efficiency of boiler — Calorific value of 1 1b. of combustible’
Heat absorhed per 1b. of coal
Calorific value per lb. of coal’

PIPING CONNECTIONS.

Blow-off.—The blow-off pipe of a boiler should be protected from
the furnace gases by an asbestos covering, fire-brick, or piece of cast
iron pipe large enough to leave an air space around the pipe. (Fred
Hubbell; G. H. Cushman; E. E. Lee, 1904.) It is sometimes recommended
to keep a circulation of water in the blow-off pipe, but scale is liable to
accumulate and the pipe burn out if not ot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>