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But to realize com-
pletely the clean beauty
and perfect balance of
this Ilig.:ht weight, pow-
erful rifle it must be handled and used. In
one’s hands the rifle comes to the shoulder
with that ease and precision that means good
shooting at a jumping target, The direct con-
tact of the finger lever with the breech bolt
and locking bolt results in such a shorteasy ac-
tion that the aim is undisturbed between shots,

The accuracy of %z Model 1893 re-
peating rifles is perfect, The “Special Smoke-
l'ss Steel”™  bareels are bored and deeply
crooved with the old Ballard system of rifling,
which has never been equaled. The breech
bolt, locking bolt and all other working parts

L Mocder 7893 -
Lligh-power.smokeless
; R ¢ LortZe

The above cut shows the handsome fin-
ish, nice proportions and compact build of

the Zarlin Model *93 Big Game Rifle.

are made of the time-proved arsiz steel
drop forgings cut to a standard measure so
that all parts are strictly interchangeable.

The solid top admits of the ready attach-
ment of a telescope., The side ejectionthrows
the empty shells away from the face and the
line of sight, =

e Model 1893 rifles are made in cali-
%%rfv.za-ac, «30-30, .32 Special H.P.S., .32-40 and
+00-JJ.

The .25-36 cartridge is a splendid one for such
game as foxes, woodchucks, 'coons, wild geese,
ete., and can be safely used in a settled farm-
ing country,

The other cartridges are more strictly big
game loads and are effective at moose, deer,
caribou, goats, mountain sheep, elk, bear, ete,

S:nd three s'amps for handsome new catalog, which explains this rifle and many others equally desirable.

Zrke Hlarlin Firearms (o, 42 Willow St., New Haven, Ct.
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General Flectric Company

The General Electric Company of New
York is the largest manufacturer of elec-
trical apparatus in the world, with facto-
ries at Schenectady, N. Y., Lynn, Mass.,
Pittsfield, Mass., and Harrison, N. J.

View of Schenectady Works

Complete Equipments for Railway and
Power Stations, including Curtis Steam
Turbine Generators : § 3 s

Complete Electric Car Equipmeﬁts; in-
cluding Sprague — General Electric Mul-
tiple — Unit Train Control - : :

1548

Principal Office: Schenectady, N. Y.
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The Best that Can be Made

Used in the large bridges at Thebes and Kankakee, Illinois, Hennepin
Canal, Government Post Offices, Locks and Budges Ohlcago Tunnels;
and by principal Railroads, Engmeers Architeets, Contractors and

Block Manufacturers.
Manufactured by

CHICAGO PORTLAND CEMENT CO.
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PRESCOTT CORLISS

Prescott Corliss Cross Compound High Duty Pumping Engine
Missabe Pattern

FRED. M. PRESCOTT STEAM Pump Co.
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Precision
Machinery

Tools

GAUGES g BENCH
TAPS Rl ENGINE
REAMERS TOOLMAKERS
’ AND
PUNCHES
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DRILLS LATHES
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Automatic Sizing Grinder

PRATT & WHITNEY C0., Hartford, Conn.
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WINCHESTER
D E

REPEATING RIFLES FOR HUNTING

No matter what you hunt for or where you hunt, the answer
to the question “What rifle shall I take?” is—a Winchester.
Winchester Repeating Riflesare made for all styles of cartridges,
from .22 to .50 caliber. Whichever model you select you will find
it an accurate shooter, reliable in action and strong in construction.

Winchester Guns and Ammaunition—the Red W Brand—are made i'or each other.
WINCHESTER REPEATING ARMS CO., = NEW HAVEN, GONN.

‘Gem Umon and Rlchter Drawmg Instrumemfs

bUP RIOR 'TO ALL OTHERS

Largest stock of Drawing Materials and Surveying Instruments
in the West. Catdlogue sent on Application.

EUGENE DIETZGEN CO.,

181 MONROE ST,, CHICAGO.
NEW YORK SAN FRANCISCO NEW ORLEANS
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STEEL TAPES w0 RULES

ARE INDISPENSABLE FOR ACCURATE WORK
#ade by THE LUFKIN RULE CO,

FOR SALE EVERYWHERE. saglnaw, Mich., U.S.A.
SEND FOR CATALOQ New York. London.

WADHAMS " Samuel Harris & Co.
OIL COMPANY FINE TOOLS

Manufacturers of HIGH GRADE For All Work
. DRAWING INSTRUMENTS
Power House Oils ’
Cyldiﬂder O%Ii s%ited to low, 23 AND 25 SOUTH CLINTON ST.
sure, wet, dry and superheated CHICAGO

steam. Send for our Service
Sheet explaining how to obtain
the correct and most econom=
cal Cylinder Oil under your
own running conditions,

Fine Dynamo and Engine Oils
Badger Motor Lubricants
Eureka Boiler Compound

Ammonia Soap (for Floors)
0il Filters and Cotton Waste, Etc.

215-219 NATIONAL AVE.,
MILWAUKEE, = WIS,
Telephone South 133

Flake Graphite Lubrication.

The part that flaKke graphite plays in modern lubrication
maHes it worth while to familiarize yourself with the
subject, The Dixon Company have several booklets on
this subject explaining both the theory and practice of
flaKe graphite lubrication. These are sentfree onrequest.

Joseph Dixon Crucible Co., Jersey City, N. J.
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W E STO STANDARD PORTABLE
DIRECT CURRENT

VOLTMETERS

AMMETERS

Millivoitmeters

Voltammeters

Milammeters
Ohmmeters
Galvanometers

Grou nd Detectors Standard Portable Direct Current Voltmeter
. . ! Model 1
and Circuit Testers

Our Portable Instriments are recognized as the Standard the world over. Our Voltmeters
and dmmeters are unsurpassed in point of extreme accuracy and lowest consumption of energy.

WESTON ELECTRICAL INSTRUMENT CO.

Main Office and Works, Waverly Park, NEWARK, N. J., U. S. A.

BERLIN-—European Weston Electrical Instrument Co., Ritterstrasse 88,
LONDON—Andrey House, Ely Place, Holborn,

‘ New York Office, 114 Liberty Street.

are built in a complete
line of 40 standard sizes
ranging from 3 K. W.
to 500 K. W., with verti-
cal, horizontal and verti-
cal-compound engines.
They require the mini-
mum of attention. All
engine bearings are
mechanically fed with
oil; the running gear is
entirely enclosed. The
y generators are built for
endurance.

Bulletin No. 63 de-
seribes them.

B. F. STURTEVANT CO., Boston, Mass.
General Office and Works, Hyde Park, Mass.
New York Philadelphia Chicago @ Cincinnatti London
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MESABI RANGE MINING.

By J. FRED WOLFF, '08,
Engineer, Oliver Iron Mining Co., Duluth, Minn.

Introduction:i—The object of the following article is to
describe in such detail as its scope will permit, the three
prominent methods of mining on the Mesabi Iron Range of
northern Minnesota, the open-pit, milling, and underground
systems, paying particular attention to open-pits and their
development. The methods have been named, and will be
treated in the order of their importance and economy.

Location and Geology.

The Mesabi Range occupies the ‘‘height of land” or drain-
age divide of northern Minnesota. It extends from Grand
Rapids on the Mississippi River, or a little west of there
(Range 27), in a general northeast direction, for 120 miles.

Lying on the southeast side of the granite core of this
range, are the Lower Huronion slates and greywackes, and
the Pokegama quartzite. Between the quartzite slates and
granites, and the Virginia slates to the south, is the Biwabik
iron bearing formation, which extends the entire length of
the range. The whole Mesabi district has been heavily gla-
ciated, and is covered by a moraine blanket. As a result
only isolated outcrops of the Archean and Huronian rocks
are found.
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Ore-bodies.

The great mass of the iron-formation is a ferruginous chert
(locally called taconite), together with the original greenalite
and iron carbonates. Locally, where the circulation of
ground waters has effected concentration, ore-bodies are
found, in trough-shaped masses, whose longer dimensions lie
in an east-west or northwest-southeast direction. Many of
them are scores to a few hundred acres in extent, and aver-
age a few hundred feet deep. Their mass comprises 1 per
cent to 2 per cent of that of the iron formation. The glacial
drift covering the ore-bodies and iron-formation varies in
depth from 10 feet to more than 150 feet, but local varia-
tions over an individual deposit are not so pronounced. The
ore is a hydrated hematite, mixed with limonite, giving the
whole mass an earthy appearance. It is unconsolidated in
comparison with the ores of the old ranges of the Lake Supe-
rior district, though compact enough to stand in the bank.

The limits of the ore-bodies are characteristically different
in different parts of the district. In some localities the ore
grades gradually into taconite; in others, high grade ore
often’ends abruptly against a wall of this rock. On the north
boundary of the formation a few bodies run into quartzites,
the foot-wall formation, while on the south the ore generally
grades into the Virginia slates. Between these limits the
ore-bodies are bounded by taconite walls and basins.

Exploration.

The geologic limits and areal distrlbution of the iron-
formation have been well determined through the work of the

United States Geological Surveyand the mining companies. *
Therefore exploration is confined entirely to the area thus

determined. The flat-lying nature of the formation and the
moraine blanket covering it, make the use of drills and test-
pits the most practicable method of exploration.

Mining claims are divided according to the common town-
ship-range-section system of land subdivision. Whenever a

* Monograph No. 43, United States Geological Survey.
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property is to be explored, a system of nine holes to the forty
acres is commonly used. If ore is found these holes are in-
terspaced with others, giving a system of holes spaced
rectangularly, 300 feet apart. One hole per *‘forty” is drilled
to quartzite. Test-pits were formerly used to a great extent
down to ore, and as far into ore as ground-water would per-
mit. The present practice is to drill from the surface. Drill-
ing in rock is done with diamonds; in ore and surface the
churn drill is used. Churning is continued through ore, and
the hole is drilled to a considerable depth in taconite. If
taconite is found immediately beneath surface, drilling is
continued for 50 or 60 feet to be sure that no ore occurs
beneath this rock. The depth to which to drill in taconite,
whether immediately beneath surface or in the bottom of
an ore-body, is a matter of the engineer's judgment, based
on surrounding holes and neighboring ore-bodies.

In ore samples are taken every five feet and analyses of the
ore, dried at 212° F., are made for iron, phosphorus, silica,
manganese and alumina. The method of taking a sample is
as follows: The hole is cased when ore is struck, and a
stream of water is sent down the core-barrel as the churning
proceeds. This water, rising up in the casing-pipe, carries
the churnings with it. The overflow is allowed to run out
and to settle in barrels. The settlings are dried and sent to
the laboratory for analysis.

Determmination of Method of Mining.

After a property has been drilled, circumstances and physi-
cal conditions determine how it shall be mined. If capped
by taconite, or if the deposit is small and covered by a
heavy overburden, underground mining is the logical method.
If capped by paint-rock (altered ferruginous slate) or mixed-
ore, and the deposit is large enough, it may be stripped, the
lean ore stock-piled and the good ore mined in the common
open-pit style. If the ore-body' is small and the overburden
not too great, the milling system may be used. Either open-
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pit or milling methods may be interfered with by natural lo-
cation, inaccessibility, difficulty of approach, impossibility
of obtaining suitable dumping grounds, drainage, or a com-
bination of these factors. ILands necessary for approaches
may contain ore or be in the possession of other parties, and

Wooden head-frame with pocket and stock-pile trestle.
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the expense of acquiring such properties may be prohibitive.
The demand for ore, the time limit of lease (if the property
is a lease-hold), and the interest on development investment,
are also considerations of importance. These and similar
factors, rather than the best engineering practice, often de-
termine the method of mining to be used.

Depth of surface is a very important factor in open-pit de-
velopment. Depths as great as 100 feet are being removed
in some pits, and plans have been made to remove depths of
more than 150 feet. A ton of ore for a cubic yard of surface
is the common criterion of a good stripping ratio.

Open Pits.

Importance; Operations and Equipment.

A few comparisons suffice to establish the great economic
importance of the Mesabi and its open-pits in the iron-mining
world. In elven years the Mesabi produced 46,000,000 tons
of ore, an amount which it required forty-six years for all of
the old Lake Superior ranges combined to produce. Of the
total Lake Superior production up to 1909, the Mesabi pro-
duced 167,500,000 tons or 41 per cent, all during the seven-
teen years, from 1892 to 1909. One-sixth of this total was
produced in 1907 alone. In 1906 the Mesabi produced 49.6
per cent of the iron-ore produced in the United States, and
eight open-pits produced 53 per cent of this, or over a quar-
ter of the United States production.

During August of 1908, one open pit on the Mesabi aver-
aged close to 30,000 tons of ore per day. During the same
month in 1907, in another pit, three shovels removed 246,000
cubic yards of surface, mixed sand, clay, and boulders. The
haul was one and one-half miles. The operations just re-
ferred to were on double shifts of ten hours each. In 1906,
14,500,000 cubic yards of rock and surface were removed,
and more than 13,000,000 cubic yards of ore were shipped
from the Mesabi range. In 1907, 21,400,000 cubic yards of
ore alone were shipped. Of the 57,900,000 tons of iron-ore
mined in the United HStates in 1907, the Hibbing district of
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the Mesabi range yielded 14,800,000 tons, of which 14 open-
pits produced 20 per cent or 12,000,000 tons.

The system in mining in open.pits is a direct result of
physical conditions. The formation has a moderate dip to the
south-east (from 57 to 20°, though local variations are not so
pronounced). The average depth of surface is perhaps 50
feet to 75 feet. The ore is of an earthy texture, readily
logsened by blasting.  Deposits have great areal extent,
(twenty to two hundred acres), and comparatively shallow
depth (a few hundred feet ata maximum). The system
which has resulted from these conditions has revolutionized
iron-mining and established unprecedented records for econ-
omy of production. i

Open-pit iron-mining requires a preliminary determination
of the limits of the ore-body by drilling. This done, the sur-
face, or glacial drift, is stripped off and dumped on barren
ground, and the ore dug out and loaded into cars for trans-
portation to the Lake Superior docks. Both operations are
accomplished with steam-shovels. The pits at present thus
formed range in size up to a hundred or more acres, and are
100 feet to 200 feet deep. The average present pit is one
covering a forty acre tract and about 100 feet deep.

Stripping and shipping operations go on simultaneously
during the season of lake transportation. This necessitates a
complicated system of tracks in the pit, for ore and stripping
rains. Shovels in stripping take cuts of 20 to 30 feet,
until near ore. The final or ‘‘clean-up cut”is 6 to 10
feet thick. In the ore cuts are from 10 to 25 feet, de-
pending much on the necessary grade of tracks, and on the
particular part of the ore-body which is being cut. In both
stripping and ore the bank is blasted down ahead of the
shovel, with black powder, to facilitate digging.

The equipment used by the Oliver Iron Mining Company
consists of either Marion or Bucyrus ninety ton steam-shov-
els, with two and one-half cubic yard dippers, both in strip-
ping and in ore. In stripping operations, Baldwin or Amer-
ican 50-ton locomotives, hauling 6 to 14 Peteler cars of




Milling Pit— Monroe Tener.
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seven cubic yards capacity each on standard gauge track, are
used. In all operations 60 pound steel rails are used, but the
more permanent tracks, as approach tracks, consist of 80
pound steel, laid on standard ties. Stripping contractors
use 12 to 25 ton saddle-back-tank type dinkey locomotives,
hauling 3 to 4 cubic yard Peteler and Western cars on 36
inch gauge, using 40 pound to 60 pound rails. They use 65
ton Marion or Bucyrus shovels, with one and one-half cubic
yard dippers.

Development of an Open Pit.

Topography:—In any district where drillings show exten-
sive ore deposits, topographic surveys are made, based on a
co-ordinate control. Lines are run north-south and east-
west, 100 feet apart, and elevations taken at intersections of
these lines. If the underlying ore-body warrants the devel-
opment of an open-pit, this ‘‘checker-board” system is ex-
tended; lines are run every 20 feet, and elevations taken at
their intersections. The co-ordinate control thus established
is preserved through all open-pit operations. It is most con-
venient for locating limits of ore body and stripping, tracks,
buildings, drill-holes, and for planning mining operations.
In estimates of stripping yardage by cross-section method,
these 20 feet sections are used; the control is ‘‘carried down”
into the pit.

Maps and Cross-sections.

From the topographic survey a co-ordinate-topographic
map is made. A common scale is 1 inch = 100 feet. From
the drill records contour maps of top and bottom of ore-body
are made, based on the co-ordinate map. Cross-sections of
the ore-body looking north and west, are made, and the out-
lines of the different grades of ore are marked on them.
The limits of the different grades are given under “‘Esti-
mates.” These maps and cross-sections are of the greatest
use in developing the mine, making estimates of ore, and
planning the work.
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Estimates.

Estimates will be described under three heads, ore esti-
mates, stripping estimates, and operating estimates.

Ore Estimates:—After an ore-body has been thoroughly
drilled, estimates are made of: total tonnage according to
orades, total tonnage possible or advisable to mine with
steam-shovel, using certain grades and curves on tracks, and
the corresponding yardage necessary to uncover the ore.
Upon the ratio cubic yards per ton depends in large measure
the advisibility of stripping the ore-body.

The ore is graded according to the following classification.
All ore above 49 per cent iron is of commercial grade. Ore
between 40 per cent and 49 per cent in iron, if not diamond
drilled, is classed as third-grade ore. Though not of commer-
cial grade at the present time, it may be at some futuretime.
If the ratio of iron to phosphorus is not greater than.00075 to
1, the ore is of Bessemer grade; if greater, the ore is non-
Bessemer grade. This ratio establishes a sliding scale rang-
ing from 64.00 Iron .048 Phos. to 49.00 (Iron)-.037 Phos.

From the cross-sections and drill records the limits of the
ore-body are platted on a general surface map, and the outline
of the ore is drawn. Inside of this a second outline is drawn,
representing a mean total ore area, assuming 1tol or 1
to 1 slopes, depending on locality and surface depth. The
product of the area within this line by the average depth of
ore in the ore-body, gives the volume of ore in the ore-body.
The average grade of all the ore can be determined by a sys-
tem of foot-units. If each sample analysis is multiplied by
its depth in feet, the result is in foot-units. The total of iron
foot-units in all holes divided by total depth of ore in all
holes gives the average grade in iron of the whole ore-body.
Careful specific gravity-volume determinations have estab-
lished the volume per ton of ores of different percentages of
iron. The total volume of ore in the ore-body divided by
the volume per ton gives the total tonnage in the ore-body.

A different method of finding total tonnage is as follows:
From the cross-sections an area is worked out for each
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grade of ore, on the general co-ordinate map. The average
analyses and depths are found for each grade. The area of
each grade by its average depth, divided by the proper vol-
ume per ton, gives the tonnage of each grade. The sum of
the tonnages of the separate grades equals the total tonnage
in the ore-body. To obtain the average grade, in say, iron,
of the whole body, a system of ton-units is used. Tons x
average analysis=ton-units. The sum of ton-units divided
by sum of tons=average grade of the ore body.

Estimate of Tonnage in Proposed Pit, and to be Mined by
Steam-Shovel.—For this estimate an ore area is outlined
which looks favorable as a stripping proposition. Assuming
1 to 1 slopes, if depths of ore and surface are not great, and
1 to 1 if they are, areas for the different grades are worked out
and total tonnage in the pit is computed as above outlined.
With the point of approach chosen, using say 2 per cent
maximum grades and 15° maximum curves, a system of
tracks is worked out with which to get down into the ore.
Curved systems, switch-back systems, and combinations of
the two are used. The elevations at which the different
tracks cut the drill-holes are noted and the depths of cuts de-
termined. Using the average cuts and areas worked out to
correspond, the tonnages for one or any number of switch-
backs are readily found. Operating costs place a limit to the
number of switch-backs or spirals which can be used in a pit.
Beyond a certain limit (differing for each pit of course), mill-
ing is more economical.

Surface or Stripping Estimate. —Assuming a 20 feet berm,
toe of surface slope to crest of ore, and a 1 to 1 slope, an
average area for surface to be removed can be worked out.
The Area x the average depth, divided by 27, added to any
possible yardage in the approach, gives the yardage neces-
sary to be removed to uncover the pit and allow a certain

steam-shovel production. Double track or three track ap-
proaches are used in all the more important pits. Track pro-
files are made for each track system.

Many of the pits are stripped by contract. The sole basis
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for the payment for such work is the estimate of yardage
made by the engineer. The economic importance of such es-
timates is evident when the enormous volume of material
handled is considered. Estimates are taken at the end of
every month. Two methods are used, the level cross-sec-
tion method, and the stadia method. In the former the co-
ordinate control established over the original surface is car-
ried down into the pit, and cross-sections are taken by levels
every 20 feet. These are platted on cross-section rolls,
which are preserved from month to month. Thus the area
cut from each section during each month can be found by
planimeter. The sum of areas (using } of end areas), x
20 + 27=vol. in cubic yards of excavation. By stadia method
a contour map of the *‘stripping” is made and sections picked
from it, platted on cross-section rolls, and areas and volumes
computed as in the level cross-section method. Contractors
keep a rough check by counting the number of cars of exca-
vation each day. Estimates are taken monthly and final es-
timates are taken at the end of a year or expiration of a con-
tract.

Operating Estimates.—Operating estimates properly be-
long under the head of “‘Ore-estimates,” but are treated sepa-
rately, because as a rule they are estimates of operating rather
than of proposed pits. They are made from year to year as
the development of the pit progresses. Contour maps of the
pits are made frequently and the surface of remaining ore is
platted on the cross-sections from these. If the superintend-
ents wish a certain production of a certain grade from a pit
for the ensuing year, the engineer studies the cross-sections
to determine the proper part of the pit to work for such
grades. Given maximum grades and curves, he determines
how much of an area to cut from each section. Knowing
the distance between sections, the volume and tonnage are
easily computed. A few trials usually determine the tonnage
closely enough. Occasionally a number of such estimates
with accompanying track plans. and profiles are submitted
from which the superintendents and engineers decide on
methods of operation for the ensuing year or years.
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The above description of ore estimates by no means cover
all the types of estimates made. Different conditions call for
different methods. Enough has been given to illustrate the
general principles involved and to suggest their applicability
to various conditions.

Future Development of Pits.

The question of future development of pits occasionally
calls forth discussion, even at this primary stage of open-pit
development. Many suggestions of a return to the old shaft
and skip system have been made. Before any such methods
are used, the present steam-shovel method will be worked to
the limit of its economy, using steep grade climbing locomo-
tives of the Lima or similar type. Each pit will present
problems of its own, and no doubt the solutions will be as
varied as the problems. Ultimately, the milling system or
a pit system using an incline and skip, will doubtless be used
to clean up ore remaining in benches, in pot-holes, and be-
neath rock ledges. Whatever system may be devised will aim
to continue the cheap and rapid mining, characteristic of the
present open-pits.

The Milling System.

When the ore-body is small and deep, the over-buraen of
moderate depth, and open-pit methods impracticable, the
milling system is used, if possible. This system combines
features of underground mining and open-pit mining. The
over-burden is stripped off the ore as in open-pit work. A
shaft is sunk, preferably in rock near the edge of the ore-
body. When the elevation of the bottom of the deposit is
reached a drift is run out under the stripped ore. Raises,
spaced 20 feet or 30 feet, are dug from below up to the sur-
face of the ore; at the top of the drift these raises are en-
larged to the shape of an inverted cone or pyramid, and
pockets built, usually three to each mill. This is illustrated
in Fig. 1. The ore is picked or blasted from the edges of
the chutes or “‘mills,” dropped down, is drawn out from the
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pockets into cars, trammed to the shaft, and hoisted. The
enlarging of the lower ends of the mill prevents plugging
and allows the ore to run easily. The tops of the chutes soon
become enlarged, resembling craters. The system of mills
and bottom drifts is extended until nearly the whole ore sur-
face is dotted with ‘‘craters.” The entire stripped ore-body is
mined in this way.

Fig. 1 also illustrates another method of developing mills.
A raise is put up from the tramway to surface. Then a large
raise 30 feet square, is started at a point “‘a.” A pocket is

Fig_l.

Cross Section
showing
Features of Milling Systam
Scale | = 125"

i
3
e
|

built and ore isdug out to a height of six feet and dropped into
cars through the pocket. Then the pocket is closed. The
miners continue to cut down the ¢‘back” or top of the raise,
using the loosened ore as a staging on which to work. When
the loose ore fills up the working space, some of it is drawn
out below. Communication is maintained with the tramway
through the raise ‘‘b,” as indicated in Fig. 1. The raise is
continued up in this way to within about ten feet of the sur-
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face of ore. This top layer is caved in by blasting. All the
ore can then be drawn out below and the system continued
as with the smaller mills.

Fig. 1 is diagramatic, the object being to illustrate the
systems of developing mills rather than to illustrate any
typical milling pit. It shows relation of mills, pockets,
tramway, shaft and head-frame.

A novel innovation was used in the Fayal pit at Eveleth,
Minn., some years ago. A steam-shovel was used to dig the
ore and cast it into the mills.

Underground Mining.

If an ore-body is capped by rock, if it is shallow, or small
and deep and the depth of surface excessive, or if other con-
ditions prohibit the use of open-pit or milling methods,
underground mining is resorted to. This method is the
slowest and most expensive of the three. Timbering costs
are heavy, production is necessarily slow and oftentimes
much ore is lost. In underground mining a shaft is sunk,
located at the lower end of the ore trough to drain the mine,
and preferably a short distance away from the ore-body, in
rock. It is sunk to such a depth that a drift having a slight
inclination towards the shaft will follow the bottom of the
trough. Provision is made at the bottom of the shaft for the
loading station, pumping room, and sump. Two parallel
drifts are driven on the bottom level, looping to meet at or
near the shaft. These are used as tramming drifts, haulage
being done by mule or electric traction. Cross-cuts between
these drifts are driven 50 feet apart. To block out the ore
at either side of the main drifts, other cross-cuts are driven
at right angles to the mains, spaced 50 feet. Above this
bottom level sub-levels are established each 22, 33, 44, or
55 feet, depending largely on size and depth of ore-body.
The drifts on sub-levels are made to overlie as closely as
possible those on the bottom level. The system of *‘subs”
is continued to the top of ore-body. Chutes running down
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from the subs to the mains, terminating in pockets there, are
used to transfer the ore mined from the subs to the tram-
ming level. Raises 4 or 5 feet square are the means of
communication from level to level. An entrance is usually
cut from the man-way compartment of the shaft to one or
more of the subs, for the convenience of the miners. The
entire system of drifts and cross-cuts, to the top of the ore-
body, is usually laid out before active mining is begun.

The above description is that of an ideal development.
All variations of the system are found. Rock layers and

Timbering slice-sets.  Note spags from posts to post and cap to cap.

“‘horses” often interfere. Poor judgment and management
have contributed to spoil the development of many mines
and to make mining operations doubly difficult and expensive.
A different system was tried some years ago and is still in
“use in many important mines. It consists of a main tram-
ming drift and development drifts driven at angles of 45° to
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the main. The wedges of ore thus formed at intersections of
drifts proved insufficient to carry the weight above, where
surface and ore-body were deep. Heavy timbering and fre-
quent retimbering was required. Present developments are

on the rectangular system.

Difficulty is often experienced in “*holding” the drifts. The
unconsolidated nature of the ore allows a slow continual set-
tlement and creep towards the drifts. Timbers are frequently
crushed, splintered, and displaced, requiring constant atten_

Timbering in square sets.  Contrast heavy timbering with slice-sets.

tion and replacement. Timbering on main levels is made ex-
ceptionally heavy, because these levels are permanent and
must be used until the ore-body is worked out.

Two systems of mining are used, the square-set system
and the slicing-caving system. The latter has almost en-
tirely replaced the former system, due to economy of timber,
labor, and rapidity of mining.
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With the square-set system a room is opened up at the end
of the top drift, three or four sets square and as many high
as needed to reach the top of the ore-body. Standard di-
mensions of the square sets are 8 feet by 8 feet by 8 feet cen-
ter to center. Birch, spruce, and tamarack are used and
timbers are not dressed. Sets are put in one at a time to re-
place the ore as it is removed. When the upper surface of
the ore-body is reached, lagging is put in to hold the over-
lying ground. When a block of ore six to ten sets long (be-
tween two cross-cuts) has been worked out, all the exposed
surfaces of ore are covered with boards; and a few sticks of
dynamite placed in the bottom posts cave down the tim-
bering and supported surface.

With the slicing-caving system smaller rooms are opened
up, and the timbering is not as extensive as in the square-set
system. Square-sets are used in this system, however, and
in fact are an essential part of it. The top drifts are run out
to the shore-line of the cre, where the ore and the over-
burden meet, or where the ore thins out against the surface to 4
or 5 feet, the limit of safe mining operations under soft cap-
ping. The miners start at the extremity of the top drift
farthest from the shaft, and work out a slice, say two or three
sets wide, in to the shore-line on the far side of the drift, and
possibly half way to the next crosscut on the side of the drift
towards the shaft. The surface is caught up by poles or
spiling driven ahead over the caps of the slice-sets, until
enough ore is worked out to put in another set. After two
or three slices are worked out all exposed ore surfaces are
covered with boards and the room is caved down. While
another slice is being worked out, a first slice is started on the
drift next towards the shaft. In this manner the work pro-
gresses in steps, carrying the shore-line back approximately
paralleling the original shore-line. After a number of slices
have been worked out on the top slice, work is started on the
next lower. Thus the slicing is carried down as well as back
from the shore-line in steps.

If the surface is hardpan or rock, the work is much easier
than if sand has to be supported.
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A slice-set consists of two posts of height according to
conditions, with a 7-foot cap and a sprag between them high
enough up to allow clearance for the men. Oftentimes as
the miners slice back from the shore-line, the surface will
rise up to such a height that slicing is impracticable. Square-
sets are then put in, two or three sets high, as needed, and
continued until the surface drops down to the slicing limit.
This is illustrated in Fig. 2 which givesa section transverse
to the axis of a small typical ore-body, indicating the rela-

tion of drifts, raises, chutes, cross-cuts and slices. In the
upper right hand corner a 4-foot pillar is left between the
caves of the slicing and the first set, which is removed after
the sets are in place and before caving. Slices 20 feet
high are occasionally taken, but 10-foot to 12-foot slices
are more common. Between levels, one, two, or three slices
are taken according as the distance from the top of one level
to the bottom of the next above is 11 feet, 22 feet, or 33
feet, approximate distances.

In both systems of mining augers are used. The ore is
blasted loose with dynamite or picked loose when possible,
and then shoveled into tram-cars and trammed to the nearest
chute, whence it goes to the bottom level, or to a sub from
which it has to be retrammed. Such chutes are located at
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the end of each cross-cut. When the distance to the chute
is not too great wheelbarrows are used.

Maps of all the mines are made and brought up to date
twice a month in all the offices of the Oliver Iron Mining Co.
Maps of all the different levels are made separately or in com-
posite form, showing the different levels superimposed upon
each other. The engineers make development plans, plumb
the shafts, give lines for new drifts, cross-cuts and inclines,
and in general assist the mining captains and superintendents
in the proper development of the mines.

In the foregoing the greater space has been given to open-
pit mining, because of its vast economic importance. Many
details of all three systems have necessarily been omit-
ted for brevity’s sake. The object has been to point out the
salient features of each system, giving such details as clear
exposition demands.
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COMPARATIVE EFFICIENCIES OF POWER PLANTS
WITH SPECIAL REFERENCE TO THE EFFICIENCY
OF A SUPERHEATED STEAM PIPE-LINE.

Frank R. BROWNLEE, '08.

All machines or mechanical apparatus for either doing
work or transforming energy have an efficiency less than
unity. The difference between the energy expended and the
useful work done, or the loss, is usually consumed either in
overcoming friction or in doing work on bodies surrounding
the machine from which no useful work is received. It can
be seen that where more than one machine or operation is
used in a series in a power transforming plant the efficiency
of the entire series must necessarily be low,

The total efficiency of any power plant is the product of
the efficiencies of the individual machines and transmissions.
Taking a simple steam power plant for lighting purposes as
an example, the total efficiency from the coal to the electric
light is rarely if ever, above one per cent. The reason for
this is that each step taken in the process of generating elec-
tricity in itself reduces the efficiency, and the combination of
a large number of steps taken, necessarily reduces the total
value. In the example taken, the total efficiency is com-
prised of seven individual efficiencies. Starting with the
coal the efficiencies to be considered are boiler, furnace,
steam pipe-line to the engine, engine (considered from
both thermal and mechanical point of view), generator, elec-
tric transmission, and motor or lights.

The efficiency of each step depends upon the losses taking
place in that step. The furnace efficiency depends upon the
coal, grate, and flue-gas losses. The kind of coal and its
combustion, whether complete or incomplete, is a large factor
in the furnace efficiency. The grate design and size must be
accurately worked out to suit the draft and other conditions
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of each furnace and coal used to give the best results. The
largest loss is probably in the flue gas, depending upon
whether the heat had been properly extracted therefrom by
the boiler. The total furnace efficiency is between 80 and 90
per cent for ordinary boilers.

The boiler proper has a very high efficiency. Its only loss
is radiation and this factor has in most cases been properly
taken care of by insulation of the boiler. The efficiency can
be estimated at about 90 to 100 per cent. The total efficiency
of the boiler and furnace, combining the values of each given
above, is (from 80 to 90) times (90 to 100) or from 70 to 85
per cent.

The pipe-line losses are radiation, friction, and condensa-
tion. The radiation depends largely upon the difference of
temperature between the pipe and the surrounding air, and
can be reduced considerably by good insulation. The fric-
tion is an uncertain quantity and depends largely upon the
pressure of the steam in the pipe, its velocity, and the size of
the pipe. It can be reduced by using a pipe considerably
larger than necessary, but, by increasing the size of pipe the
radiation is also increased, and an economic mean must be
used for the best results. The condensation in most cases is
considerable and is an important item even with superheated
steam. It depends on friction and the difference of the
temperatures of the pipe and the steam itself. Probably the
best way to reduce this factor is by reducing as much as pos-
sible the friction and then using superheated steam. This has
been done at a number of installations, as that at the Schlitz
Brewery’s new pumping station in Milwaukee. a test of which
is shown later.

The efficiency of the engine can be divided into two par-
tial efficiencies, thermal and mechanical efficiencies. The
thermal efficiency of a steam engine is the ratio of the B. T.
U. doing work as shown by the indicated horse-power to the
B. T. U. supplied in the steam. Its value is very low and
depends largely on the type of engine and the running con-
ditions. The principal losses are imperfect expansion and
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compression of the steam in the cylinder, and cylinder con-
densation and radiation. The most efficient steam engines
are probably the triple expansion Corliss condensing engines
and the large power steam turbines. The thermal efficiency
at a maximum, can be estimated at about 15 to 20 per cent.
The mechanical efficiency is the ratio of the brake horse-
power or power output to the indicated horse-power. It de-
pends solely on the friction loss of the engine and can be
estimated about 85 to 95 per cent. The total efficiency or
product of the two is about 12 to 17 per cent. for the best
type of engines.

As in the case of the engine, there are losses in the gen-
erator which decrease its efficiency. The most important of
these are the losses due to field resistance, armature resist-
ance, friction in the bearing of the machine, and those due to
eddy currents and hysteresis. The field loss is due to the
heat generated in the field windings by the field current, and
represents the power required to excite the field magnets. The
armature loss is due to the heat generated by the armature
current in the brushes, in the brush contacts and in the arma-
ture windings. Hysteresis and eddy current losses chiefly in
the armature core are due to the reversals of magnetization
as the armature rotates, and appear as heat. ILosses due to
friction occur in the bearings and as air friction or windage
due to the fanlike action of the rotating armature. The
losses all add up and lower the total efficiency of the machine.
There are several different efficiencies for the electric gen-
erator such as electrical, mechanical, and others. The one
most generally used is the commercial efficiency which repre-
sents the ratio of the useful energy or output to the power
actually absorbed by the machine in being driven. The effi-
ciency of a generator should be between 90 and 100 per cent.
at normal load.

The power from the generator is conducted to the lamps
and motors using it, through wires, and here again is a loss
which affects the combined efficiency of the power plant.
The chief losses in the line are due to resistance and leakage.
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The last loss or resistance depends on the diameter, length,
and material of the conductor, and the leakage is due to im-
proper or poor insulation, especially noticeable in high ten-
sion lines. The usual efficiency for a conductor in lines of
medium length is above 90 per cent.

The last loss and drop in efficiency is brought about in the
lamps or motor or other uses the power may be put to.
In the case of motors the losses are the same as those of the
generator and the efficiency is the ratio of the power received
by the motor in horse-power to the actual horse-power de-
livered by it. Motor efficiencies vary from 85 to 95 per cent
at normal load. The lamp efficiencies are very low, ranging
from 3 per cent for incandescent lamps to 19 per cent for
mercury vapor lamps. The excessive losses in the lamps are
due to the heat caused by the extreme resistance necessary
in the lamps.

The efficiency data used in this investigation has been ob-
tained in the following manner:

In gathering information on boiler efficiency, it was found
that probably the most valuable work on this subject has
been done by Prof. Breckenridge in a series of tests made
for the United States at St. Louis. However, in his tests,
several hundred in number, the efficiency of a boiler was
found for various kinds of coal at normal load. No tests
were made for efficiencies under various loads. The curve
used herein for boiler efficiency from no load to 50 per cent
overload was obtained from a number of tests made at a large
Chicago power plant. This curve shows gradual increasing
efficiency from 100 to 200 per cent load. In replotting the
curve values below normal values were assumed as near actual
conditions as possible. The efficiency in this case seems
rather low, but this can be accounted for by the fact that the
power output of the plant varies considerably and cannot be
absolutely regulated.

The engine efficiency curve was taken from ‘“Meyer's Steam

Power Plants,” page 54, curve 3. In this book Mr. Henry
C. Meyer, Jr., M. E., shows the results of a large number of
engine tests for different types of engines under various loads.
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His results are shown in a series of economy curves giving
pounds of steam consumed by the engine per indicated horse-
power per hour under loads from zero to 50 per cent overload.
In selecting a curve it was decided to use a cross-compound
Corliss condensing engine as a fair basis for this study. The
curve given was transposed from an economy curve to an
efficiency curve by the following formula:

1
lbs. steam X 1200 X 778
33000 X 60

In calculating these values the normal load was taken at
39 lbs. mean effective pressure on the curve. The value 1200
was used as the B. T. U. per pound of steam, giving a mini-
mum value of efficiency, the value 778 equals foot pounds in
1 B. T. U. and the value 33000 equals foot pounds per min-
ute in 1 horse-power.

S. P. Thompson in his book “Dynamo Electric Machin-
ery,” gave the best available information on generator effi-
ciency. On page 657 he shows an efficiency load curve for a
550 kilowatt, Oerlikon Co. generator which has been used
in this investigation in connection with the other curves plot-

Efficiency =

ted. This curve was chosen as a fair average for generators
and shows efficiencies about 90 per cent. for loads from 150
K. W. to 700 K. W., or from 30 per cent. load to 40 per
cent. over-load with efficiencies at other loads as indicated on
the curve.

In searching for an efficiency curve for an electric transmis-
sion to take the place of the steam pipe-line in steam trans-
mission, it was found advisable to calculate efficiencies from an
assumed line, since efficiencies for varying loads on a wire
transmission were not available. The case assumed is for
transmission of 250 K. W, normal load at 550 volts with a
5 per cent. drop in voltage at the load.

.05 X550 equals 27.5 volts drop equals R 1

250X 1000_,

[=———-—"—"=45)
550

b

45%- equals 0.0605 Ohms resistance in line.

R equals
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2L 5 10.8 x 2 X 1200
-1 al X — X “ ] aY als
R equals 10.8 12 d* equals 0.0605 equals
429000,
d equals 429000 equals 655 mills or §-inch eable.
Efficiency equals Unifpnt equals Input—less Loss equals
Input Input

L4 R
For normal load,
260—[.0605 x (455) *]1-+1000

Efficiency equals =———
B o 250

equals 95 per

cent.

In this manner the efficiency at any load can be found since
the resistance of the line is a constant. The values of effi-
ciency for various loads are indicated on the curve.

The efficiency curve for a motor closely resembles that for
a generator. The motor efficiency is a trifle lower and in the
curve taken, it is 84 per cent. at full load. The curve used
is taken from Franklin and Esty ‘‘Direct Current Machin-
ery,” page 142, for a compound motor.

Practical information in regard to steam pipe-line efficiency,
especially when superheated steam is used, is lacking. Otto
Berner, of Berlin, Germany, gives some valuable informa-
tion on the subject in regard to heat losses. He experi-
mented with short pipes, using both steam and hot water,
and determined heat losses. From his results a formula was
derived for heat loss by using a combination of formulas for
radiation as calculated by Du Long and Petit and Péclet.
However in using any information given by him it must be
remembered that the results were taken from a pipe only
about six feet long and superheated steam was not used.

The superheated steam pipe-line at the Jos. Schlitz Brew-
ing Company, of Milwaukee, designed by Mr., J. C. White
for D. W. Mead, Consulting Engineer, offered excellent op-
portunities for obtaining information on pipe-line efficiency.
It was designed to carry steam at 120 pounds gauge press-
ure and 250 degrees superheat, a distance of about 1170 feet.
The steam is used for operating two pumps, a De Laval steam
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turbine with centrifugal pumps, six million gallons capacity,
and an Allis-Chalmers cross compound heavy duty pump of
the same capacity. The steam is taken from a battery of
Babcocks and Wilcox boilers, with superheaters, at about
100 degree superheat. It is then passed through a Foster,
separately fired, superheater and the temperature is raised to
the desired degree of superheat. The pipe-line which was
tested starts at the superheater and delivers the steam to a
small receiver in the pumping station. The pipe is so con-
nected that steam can be taken either through the super-
heater or directly from the boilers. It is made of steel pipe
four inches in diameter and | inch thick, with flanged joints.
The joints were closed by means of special steel gaskets,
patented by Mr. White, the engineer in charge., All turns
in the pipe were made by easy bends of large radius so as to
avoid any extra losses at elbows. There were two bends,
one of 51 degrees and one of 90 degrees. The entire pipe
had a total drop in elevation of about 15 feet. The pipe-line
was covered with 2} inch, 85 per cent magnesia covering and
enclosed in a concrete tunnel 3 feet high and 4 feet wide. A
manhole was situated at each bend. In designing the entire
plant a discussion arose whether electric transmission with
motors would be more efficient than the plant now in use.
In testing the pipe-line it was desired to obtain an efficiency
curve and by combining it with curves obtained for the effi-
ciencies of engines, boiler, generator, motor and electric
transmission, comparative total efficiencies can be obtained
for the two methods of delivering the power at the pumping
station.

The main object of testing the pipe-line was to determine
the best efficiency, the pressure loss and the general perform-
ance of the line. The heat energy at several points along
the line, and especially at the ends was determined by taking
readings of pressure and corresponding temperatures at the
points. Throttling calorimeters were used at the ends of the
line, but it was found that the steam was superheated in all
cases and the calorimeters were not necessary.




254 The Wisconsin Engineer.

The instruments used in the test were thermometers, pres-
sure gauges, calorimeters and apparatus for weighing the con-
densed water. The instruments in which any inaccuracy was
liable to be present were carefully calibrated before the test.
In selecting a method for obtaining the temperature of the
steam two ways presented themselves. The first was to use
electric pyrometers with a common connection so that all
readings could be taken simultaneously at some common
point. The second was to use a high reading mercury ther-
mometer with a socket at each point of reading. Informa-
tion was obtained from the Bureau of Standards at Washing-
ton in regard to the first method and it was found that a
complicated amount of calibration for the pyrometers and
wiring might enhance the accuracy of the readings. It was
decided to use mercury thermometers as a simple, and in this
case probably more accurate method of taking the tempera-
tures.

The thermometers were made by Taglibue and read from
200° to 800“ F. The instruments were screwed in a brass
cup made especially for them, which was threaded into the
steam pipe and extended to about the middle of the pipe,
thus giving an accurate reading of the temperature of the
steam. These thermometers were calibrated with a stand-
ard thermometer which had recently been calibrated at the
Bureau of Standards at Washington, and for which the cor-
rection was known. A stem connection was also applied
which accounted for the temperature of the air surrounding
the stem. Both thermometers, the standard and the Taglibue
were immersed in an oil bath and various readings taken up
to 500- F. Above this melted lcad was used as high as
700© F. DBoth thermometers were exposed as nearly alike as
possible in the melted substance so an exact comparison
could be obtained.  After the apparatus had been set up and
a full set of readings taken the amount the Taglibue ther-
mometer was in error was computed for approximately every
40~ by the following formula and a table made showing the
corrections on that instrument. The stem correction

formula, was as follows:
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0.00016 x n (T —t=),

where: n equals number of degrees cmergent from bath,
T equals temperature of the bath,
t equals mean temperature of tangent stem.

The pressure gauges were all calibrated with an instrument
which consisted of a small cylinder filled with oil and a pis-
ton on which was a table. The guage was connected by a
pipe to the cylinder. To obtain a given pressure on the gauge
a given weight was placed on the table and the piston caused
the desired pressure in the cylinder and therefore on the
gauge. Knowing the diameter of piston and weight upon it
the exact pressure on gauge was determined.

The instruments for the test were placed at four different
points. At the boiler house, at the first bend (51) 416 feet
from the boiler house, at the second bend (907) 640 feet
from 51° bend and at the pumping station, 114 feet from 90~
bend. Those used at the boiler house were two calorimeters,
two pressure gauges, two thermometers for steam pipe and
one for room temperature. A thermometer, pressure gauge,
and calorimeter were placed on the steam pipe before enter-
ing the superheater and also a set on the pipe leaving the
superheater. In this way the work done by superheater

could be exactly determined. While the superheater was
in operation the coal used and the ash remaining from

it were weighed. At the 51° bend a thermometer and
pressure gauge were tapped into the pipe and a thermometer
was also used to obtain the tunnel temperature. The same
‘apparatus was used at the 90 bend. A pressure gauge and
thermometer were tapped into the steam pipe as it entered the
pumping station and just ahead of the separator. Suitable
apparatus was supplied here for weighing all water from trap
in connection with separator which represented the entire
amount of water discharged from the pipe-line. Similar ap-
paratus was also supplied for weighing the condensed steam
from condenser in connection with the turbine.

The tests, four in number, were run from two to four hours
and readings were taken simultaneously at all four points
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every fifteen minutes. Before these tests, one was made to
determine the condensation in the line at no load. In this
case the water in the trap connected before the receiver at
the pumping station was weighed for two hours. As the line
has a drop throughout its length the amount of condensation
was accurately measured at this point. The first two tests
were conducted with the steam not flowing through the super-
heater. In these tests the steam was taken directly from the
economizers or superheaters in connection with the boilers at
about 100° superheat. All tests were run with the turbine
alone in operation, its output varying from 2.5 to 4.0 million
gallons.

With the data taken it is possible to obtain the number of
B. T. U. per hour contained in the steam passing any of the
four points where instruments were used. By multiplying
the number of pounds available steam passing any point per
hour by the sum of the total heat of steam at that pressure
and the specific heat at that temperature times the number of
degrees snperheated, the actual number of B. T. U. delivered
by the steam passing this point per hour is found. This
value of B. T. U. was found at all four points and the drop
due to condensation, friction, and radiation was found for
each length of straight pipe. The efficiency of the entire
line was determined by dividing the actual number of B. T. U.
delivered at the pumping station per hour by the actual num-
ber of B. T. U. delivered to pipe at the boiler house. The
pressure loss was also determined for the line from pressure
readings taken at the four points.

Formula:

B. T. U. at any point equals [H + ¢ (T,—T)] x pounds
steam passing per hour,

where H equals total heat of steam,
T, equals temperature of steam at that pressure,
¢ equals specific heat of steam.

Values of specific heat of superheated steam were taken
from an article in “‘Power” by Prof. Sydney A. Reeve, and a
curve plotted for 99 lb. gauge pressure. As all pressure
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valves averaged about 100 lbs,, this is thought justifiable for
lack of better information on the subject.

The results of the tests were as follows:

No load test—

The average condensation per hour in the line was 238.5
pounds with an average steam pressure of 110 pounds and an
average temperature of the steam of 360 degrees Fahrenheit.

B. T. U. lossequals 238 (1185.9 4 .558 x 22.5) equals
285000 B. T. U. per hour.

B. T. U. loss per square foot of pipe surface per hour
equals 285000 =+ 1200 (area) equals 237 B. T. U.

Two hour test (without superheater).

Average data.

Degrees
Reading point Temperature  Pressuve  Superheat Specific Heat
Entering superheater . .447.2 108 104.6 .496
Leaving superheater . 421.4 104.5 80.9 .510
51°Bend ...........382.1 106.3 40.5 .538
90° Bend ...........363.8 101.2 25.5 056
Pumping Station .....362.7 101.1 24.5 558

Condensed steam 7085.2 1bs.  Total per hour 3603.6 Ibs.

Condensation in pipe 122.0 lbs. Barometer 14.5.

Total 7207.2 Ibs. Average temperature of tunnel 72° F.
Calculations:—

Available B. T. U. at any point equals [H + ¢ (T,—T)] x
lbs. steam at that point.

Available B. T. U. entering superheater 4,459,237.8 per
hour.

Available B. T. U. leaving superheater 4,421,980 per
hour.

Available B. T. U. at 51° bend 4,331,408.6 per hour.

Available B. T. U. at 90 ° bend 4,254,636.6 per hour.

Available B. T. U. at pumping station 4,246,749 per hour.

. lord X 2 e
Equivalent horse-power delivered equals 8T % Bnih, i)

equals 1,668.
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B. T. U. total loss in pipe equals 4421980 — 4246749 equals
175,228.5 per hour.
22 . "
B.T. U. condensation loss equals L; (1185.5 + .534 X 50)
equals 73,932 per hour.
B. T. U. radiation and friction loss equals 175,228.5—73,932
equals 101,296.5 per hour.
m . ; 4,246,749 )
Total efficiency of pipe equals 4,421,980 equals 96.0 per cent.
Three hour test (without superheater).
Total efficiency of pipe equals 96.52 per cent.
Four hour test (with superheater).
Total efficiency of pipe equals 94.5 per cent.
Five hour test (with superheater).

Total efficiency of pipe equals 95.51 per cent.

The results of the test on the superheated steam pipe-line
are very satisfactory. The efficiency seems a trifle high for
a line of that length, but this result can be accounted for by
the good construction of the line, especially in regard to the
heat loss. The tests show that a moderate degree of super-
heat as used in the first two tests give the best results since
the radiation and friction are not large and the condensation
is moderate. When high superheat was used, the condensa-
sation was reduced to a minimum and the radiation and fric-
tion became extremely large, giving a correspondingly greater
total loss. The average per cent drop in pressure of the
steam in the line was about five per cent. This factor is low
for the reason that the pipe-line was designed somewhat
larger than absolutely necessary and the drop in pressure is
necessarily reduced. The pressure reading of the steam leav-
ing the superheater is low due to a sudden turn in the pipe
increasing the velocity and decreasing the pressure of the
steam slightly. The average total loss in B. T. U. of the
four tests is about 194,000 B. T. U. per hour or about
162 B. T. U. per square foot of pipe surface per hour.
The average drop in superheat for the first two tests
when the Foster superheater was not used was about
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57 degrees or about one degree Fahrenheit for every
twenty feet of pipe. This is considerably better than was
estimated in the design. On the other hand, the drop in
degree superheat in the last two runs averaged 133 degrees,
showing a loss of one degree for every nine feet length of
pipe. This value is about what was expected with the high
superheat.

The normal load on the pipe-line was determined by using
a velocity of steam of 6,000 feet per minute and multiplying
by the area of the pipe in square feet. This value gives the
amount of steam delivered by the pipe in cubic feet per min-
ute and by multiplying by 60 and dividing by 8.5 (specific
volume of steam under the given conditions), the number of
pounds of steam passing through the pipe per hour is deter-
mined:—

6000 X (4)% X .7854 X 60

144 X 3.5
Using the average number of pounds of steam used in the

four tests—38600 pounds per hour—and knowing the average
efficiency, one point on an efficiency curve is found. Since
this point gives the efficiency at 40 per cent. load at about 95
per cent., the efficiency at full load is estimated to be about
96 or 97 per cent. With these two points, an approximate
curve was drawn showing the pipe-line efficiency for various
loads on the pipe.

Combining the individual efficiency curves comprising each
type of power plant as taken in examples, comparative total
efficiencies can be found as shown in the total efficiency
curves given.

The total efficiency of the steam plant is the product of
the individual efficiencies of the boiler, pipe-line and engine
and has the following values for various loads:

equals 9,000 pounds per hour.

Load. FEfficiency.
25 2.3
50 4.15
e 5.15

100 5.65

125 5.65

137.5 5.67
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These values of efficiency show a gradual rise for increasing
loads and are fairly representative of the actual total efficiency
of a steam plant such as taken.

The electrical installation as assumed has a total efficiency
somewhat less than that given above and shows a maximum
value at normal load and a drop in efficiency at overload.
The total efficiency is comprised of the efficiencies of the
boiler, engine, generator, electric transmission, and motor.
The value of total efficiency for various loads in the electric
installation as assumed are:

Lead. Efficiency.
25 1.15
50 3.01
5 3.94

100 4.30

115 4.13

150 3.15

In comparing the two types of power plants given above
it was found that a curve giving the differences of efficiencies
at various loads shows the resulting advantages most clearly.
The steam plant has a high total efficiency at all loads, and
is especially well adapted for overloads. The values showing
the advantage of the steam plant over electrical are:—

Load. Difference of efficiency.
25 1.15
50 1.14
5 : 1.21

100 1.35

125 1.50

These differences are smaller in actual percentage being
only 1.35 per cent at full load. However, as a comparison,
the percentage difference on the total efficiency is high and
has a value of }:32 equals 23.9 per cent. This percentage
shows a decided economic advantage in favor of the steam
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plant and the only item which might be able to counter-bal-
ance this advantage would be the difference of total invest-
ment necessary to install each type of power plant used in
this comparison. In the case of the plant built at the Schlitz
Brewery it is estimated that the total eosts for each type
would be very nearly the same and in this case the Steam
Power Plant has every advantage in the economic use of

power.
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THE FOUNDRY IN ITS RELATION TO CHEMICAL
ENGINEERING.

By JAMES ASTON.

Within the past few decades there has been a decided
awakening to a realization of the necessity of the injection
of modern methods into the managementof the foundry. The
oft-voiced sentiment that “‘anything will do for the foundry”
is today recognized as the expression of a penny wise, pound
foolish spirit which has happily given way to that better
policy of recognizing the foundry department as an integral
part of the well organized manufacturing industry.

To a great extent the old feeling was a result of conditions.
The seeming crudity of the moulding operation, the sim-
plicity of the general equipment, the preponderance of hand
labor, threw over this department a mantle of conservatism
which for along time resisted the injection of technical sci-
ence. The real awakening came with application of chemical
analysis to the control of iron mixtures; an advent met at
first with skepticism and scorn, then with toleration, and
finally with approval. It was all very well in the earlier days
to mix by fracture grading, when the brand name of a pig
iron was sufficient guarantee of its ore origin, its condition of
manufacture, and its impurity content. But these conditions
are of the past, and today practically all pig iron is graded
and sold upon the chemical basis,

An example of this antagonism falls withinthe memory of
the writer, in the case of a very large and very well man-
aged plant. Long continued difficulty with unsatisfactory
iron in their castings, forced the adoption of mixing by chem-
ical analysis. The charging mixtureswere given to the fore-
man for execution, but the resulting iron was no better than

by the old method, and the casting analyses were not ascal-
culated.  After a sufficient trial, and upon the verge of the
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adandonment of this experiment, the chemist finally under-
took the execution of his own orders, with the immediate
agreement of calculation and result. It soon developed that
the foreman had been disregarding the new fangled orders,
and had been sticking to the methods of his forefathers.

In the management of the foundry a knowledge of chemis-
try is of fundamental importance; a knowledge of technical
analysis and the interpretation and application of the results
obtained. The melting stock is bought upon guaranteed an-
alysis, and must be checked upon receipt. The castings
must be of a specified carbon content, and fall within fixed
limits of Si, S, P, Mn, etc. To fulfil these specifications, the
composition of fuel and fluxes must be predetermined, and
their effect neutralized in the mixing. Refractory materials
must be composed of the proper constituents to have their re-
quired acid, basic or neutral character, and the impurities
must not be in amounts great enough to destroy the heat re-
sisting qualities. In like manner molding sands, facings and
alarge number of other supplies must be carefully watched.

But the modern foundry requires for its direction more
than a knowledge of chemical science; it requires also an en-
gineering training. Under the new regime it has become a
place of specialization, of rapid production and cost reduction,
with the introduction of machine operations and labor saving
devices and their accompanying engineering problems.

In the well equipped plant of today we have the electric
1ight, the electric motor the electric crane, the electric welder
for the repair of defective castings, and the electric furnace
as a probability of the near future. For the melting opera-
tion there is air blast apparatus for the cupula and Bessemer
converter, and the gas producer or fuel oil burner for the
open hearth furnace. Hydraulic power finds application in
the operation of elevators and in the tilting of the open
hearth and Bessemer furnaces. The molding floor is well
stocked with machines for the duplicate work, and the most
efficient of these are operated by compressed air.

The engineering training incidental to the supervision of
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the equipment is augmented by that necessary for the calori-
ir etric measurement of the coal and coke, fuel oil, and pro-
ducer gas, for the mechanical testing of casting specimens,
and for the pyrometric regulation of annealing ovens, and the
like. And most recently, the use of the microscope in the
metallographic examination of the product is being recognized
as a valuable adjunct to the chemical analysis.

Also, the management of the foundry enters the broader
field of commercial engineering, with its infinite variety of
problems in the handling of labor, in the estimation ef cost
and the making of quotations from drawings and specifica-
tions, in the devising of suitable equipment for special jobs,
all part of the general effort for maximum production at
minimum cost. In short, the direction of the modern foundry
requires a general engineer with a special knowledge of
chemistry—a chemical engineer.

That foundry practice is a field of profitable endeavor for
the engineer is beyond question. On the one hand the value
of technical training is becoming recognized, and the demand
for men of such qualifications is growing, as is shown by the
fact that many of the large manufacturing corporations have
foundry engineers to deal with such special problems as may
arise. On the other hand, it is equally necessary that the
young engineer break away from his present tendencies to
dritt into the glitter and glamour of the profession, that he
enter this generally shunned field, and by the proper appli-
cation of his abilities, break down the final barriers of conser-
vatism, and make the foundry engineer a recognized essen-
tial in the management of this old and interesting business.
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SOME SEWAGE PURIFICATION PROBLEMS IN
WISCONSIN.

G. J. Davis, JR.

During recent years there has appeared, in the various
technical periodicals and official reports, a considerable amount
of discussion on the subject of the proper design and opera-
tion of sewage purification plants. This discussion has been
based largely on theoretical considerations, so far as ques-
tions of design are concerned, and on the results of labora-
tory experiments as regards questions of cperation. Inter-
esting and valuable as the investigations in laboratories and
small experimental plants are known to be, it has been real-
ized that deductions drawn from them may not be strictly
applicable to the design or operation of full sized plants
working under normal conditions. Iurthermore, there are
no experimental sewage purification stations in Wisconsin,
and deductions drawn from results obtained in the operation
of experimental plants in England, in Massachusetts, in
Ohio or other places are likely to be misleading when applied
to the design or operation of plants in Wisconsin where the
climate, soil and other conditions are essentially different.

There are now operating in the State of Wisconsin some
eighteen or more sewage purification plants, their location
being shown on the map on page — by a circle, yet there are
no published data to show which features of their designs and
what methods of operation are best suited to Wisconsin con-.
ditions. The number of purification plants in the state will
rapidly increase, due to the growing demand for sewerage in
the smaller cities, for it is the policy of the State Board of
Health to refuse permission to discharge untreated sewage
into the smaller water courses. There are over sixty towns
in the state having either partial or complete sewerage sys-
tems discharging crude sewage into the lakes and streams.
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Fig. 1—Map of Wisconsin Showing the Location of
Sewage Purification Plants.

.These were mostly constructed before the State Board of
Health was given control of sewage disposal, in 1905. Their
locations are shown by the solid black dots on the map. A
large number of these places will eventually have to build
purification plants on account of the creation of nuisances by
the polution of streams.

A large amount of capital is invested in the existing puri-
fication plants of the state and a much larger amount will in
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a short time be invested in the prospective plants; but not-
withstanding this fact practically nothing has been done to
secure the information necessary for intelligent design or to
find out whether a fair return on the investment is being had
in the way of efficient operation of the existing plants. In
fact some of the existing plants are practically useless owing
to improper methods of operation, or errors of design which
might be corrected at slight expense, and yet the cities own-
ing them seem wholly indifferent to the fact that under these
conditions the money they have invested in the plants is a
dead loss. Of far more importance than this commercial as-
pect of the question, however, is the matter of the protection
of the public health and comfort of the state. Purification
plants should be operated with this end in view, even at in-
creased expense over less efficient methods.

There is, therefore, an urgent need of reliable information
concerning details of designof plants, methods of operation
and results obtained under the various conditions existing in
different parts of the state. Without such information a de-
sign will at best be only a guess, but with such information
at hand the designing engineer, with a thorough knowledge
of the underlying principles, can choose those methods and
features best suited to any particular locality.

Before the question as to what is the best method of sew-
age purification for a given locality can be answered there
are several others which must be asked, such as,—For what
sized city?—For what kind of sewerage system?—For what
degree of purification?’—What materials are most available?
—Where must the plant be located, with reference to habita-
tions?—What funds are available? Answers to these ques-
tions can readily be found by the engineer and their effect on
the probable design will be quite definite. There are other
questions, however, such as,—For what climate must the
plant be adapted?—and, For what character of sewage?—the
effect of the answers to which is uncertain.

Take, for instance, the question as to the effect of climate.
It may be the judgment of the engineer, from a consider-
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ation of the other phases of the problem, that it would be de-
sirable to install a trickling filter; but the uncertainty as to
whether such a filter can be successfully operated thru a Wis-
consin winter may deter him from using this type. There
are at present at least two trickling filters in Wisconsin from
which the desired information could be obtained atslight ex-
pense. The one islocated at Madison and treats the muni-
cipal sewage. The original portion of the filter consists of
a floor of one-inch rough hemlock boards, with wooden un-
derdrains every 16 feet; a lower bed of fine cinders 2 feet
deep; a second or upper floor of one-inch boards 4 inches
wide, with }-inch openings between them; an upper bed of
coarse cinders 2 feet deep, and a distributing system of
3-inch perforated vitrified pipe. The upper 6 inches of the
upper bed and the entire lower beds are composed of screen-
ed, head-end, locomotive cinders which had passed thru a }-
inch mesh revolving screen, but were held on a 2-inch mesh.
The lower two feet of the upper beds are composed of cin-
ders which passed thru a screen with 1-inch mesh and were
held on a }-inch mesh.

The four newer beds added to the plantin 1905 differ in
several respects from the older ones. The new ones are solid
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from top to bottom and are only 2} to 8} feet deep, the var-
iation in depth being due to the slope of the bottom. The
upper twelve inches are clean, head-end locomotive cinders;
the remaining cinders being a mixture varying from one-half
inch to one and one-half inches, free from dust and dirt.
Cross-sections of these filters are shown in Fig. 2.

To distribute the sewage on to the older beds, a line of
double ““Wyes,” decreasing in diameter from 15 inches to 8
inches, was laid down the middle of each bed. Three-inch,
perforated, vitrified pipe laid on 2-inch planks branch from
the wyes and end in a line of “Tees,” every seventh one of
which is a ‘‘cross,” connected to a flushing valve. In the
newer beds the main distributor and the flushing drains in-
stead of vitrified pipe are made of 2-inch plank. This has
been found to be an improvement, as there is less breakage of
the tile in the new construction and repairs are more easily
made. :

When a dose of septic tank effluent is discharged on to a
bed through this system of piping, a fountain of water spurts
from each hole in all the 3-inch pipes. The distribution of

3y

sewage over the beds is perfect, and the method is very sat-
isfactory during most of the year, but trouble is experi-
enced in cold weather, due tothe freezing of the 3-inch tiles.
Attempts have been made to prevent freezing by covering the
beds with straw, but this method was not successful and at-
tempts at winter operation of this plant have been abandoned.

The plant at the Allis-Chalmers works differs radically
from the one at Madison. It is about five feet deep, and is
composed of broken stone graded in size, the smallest, about
2 inch in size being on top, and the larger sizes below. The
sewage is distributed to the beds by means of wooden troughs
supported about two feet above the surface of the filter.
From small holes, about ! inch in diameter, the sewage
sprinkles from the troughs onto the filter at each discharge of

siphons, which was occuring at about eight-minute intervals
at the time of the writer's visit. The filters are covered with
a timber roof, and board sides are provided to keep out the
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winter winds. The sides are put up in the fall and taken
down and piled near by in the spring. With this protection
it is possible to operate the plant during cold weather. But
such protection by roof and sides is too expensive for use in
a large plant.

It would be valuable to carry on some experiments to de-
termine whether it is possible to operate the plant without
the sides in position, and if so whether the roof could also be
dispensed with.

Experiments have been carried on at both Columbus,
Ohio, and at Boston, Mass., with trickling filters, and it was
found possible to operate large grain filters at temperatures
as low as 7 degrees below zero.

The types of sprinkler used and the appearance under
scvere winter conditions are shown in Figs. 3 and 4. Whether
filters could be operated with these types of sprinklers during
periods when the temperature ranges 20° or more below zero
for a couple of weeks at a time, as it often does in Wiscon-
sin, is a question waiting to be answered by experiment.

The majority of the purification plants in Wisconsin have
sand filters for treating either crude sewage or septic tank
effluent. On some the sewage is distributed by terra cotta
tiles discharging at numerous points onto the beds; in others
wooden troughs are laid down the middle of the beds, the
sewage discharging from them laterally through holes about
two by three inches in dimensions, spaced about three feet
apart. In all cases the beds are operated with their surfaces
flat and smooth. Attempts to operate the beds in this con-
dition during the winter has met with failure, owing to the
freezing of the sewage held in the upper layers of the filter.
Sand filters have been successfully operated in other states,
under temperature conditions nearly as severe as those pre-
vailing in Wisconsin winters. The sealing of the filter by
freezing has been prevented by plowing its surface and flow-
ing the sewage down the furrows thus formed; the greater
volume of sewage, as compared with its exposed surface, en-
abling it to retain sufficient heat to remain fluid until it has




Reprinted from M. 1. 1. Sanitary Research Bulletin.

Fig. 3—Columbus Type of Sprinkler Under Winter Conditions at Boston.

Reprinted from M. L. T, Sanitary Research Bulletin.

Fiy. j—Gravity type of Distributor used in Boston Experiments.
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seeped into the sand. What would seem to be a better meth-
od, has been tried successfully in Massachusetts. It consists
in placing stones or piles of material at numerous points on
the surface of a smooth filter, and flowing on so large a dose
of sewage that a sheet of ice a couple of inches thick will form
before the sewage seeps away. As the sewage level drops,
the ice will be left supported by the stones, forming a roof
which will protect the filter surface from snow and from cold.
It would be of value to know whether either of these methods
are suitable to Wisconsin conditions, and if both are, which
is the best.

Turning to the question as to the effect of the character of
the sewage on the design of a plant, we may for illustration
call attention to the extreme difference between municipal
sewage and the wastes from creameries. The organic solids
in municipal sewage are usually mostly liquified without diffi-
culty by the sewage bacteria in a septic tank; the creamery
sewage, however, which is very offensive, is quite resistant
to such action and must be left in the tank several times as
long. The proper length of time that either creamery sewage
or the sewage of any of the Wisconsin municipalities should
remain in a septic tank isstill an open question, and the ef-
fect of the various factors, such as temperature and strength
of the sewage or the presence of unusual amounts of any
of its constituent impurities, has on the proper period of
rest in the tank, needs further investigation.

In the preceding pages only afew of the problems arising
in connection with sewage purification have been pointed out.
Others are suggested in a discussion of Sewage Purification
shortly to appear as a bulletin of the University of Wiscon-
sin.  This bulletin has been prepared in the hope of stimu-

lating a more active interest in the matter of sewage purifica-
tion and of furnishing a guide for the proper operation of the
plants of the state.
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Wisconsin’s Water Power Resources.

WISCONSIN'S WATER POWER RESQOURCES.

L. 8. SMITH, ASSOCIATE PROFESSOR OF TOPOGRAPHICAL ENGINEERING,
IN CHARGE OF WATER POWER INVESTIGATIONS OF WISCONSIN
GEOLOGICAL SURVEY.

The water power resources of Wisconsin excel those of any
other state in the middle west, indeed they are probably ex-
celled by only six or eight states in the entire Union.

Their importance is due to the unique topography of the
state. A wide and comparatively flat plateau region crosses
the northern part of the state, varying in elevation from 1900
feet near the Michigan boundary to 1000 feet above the sea
near the Minnesota boundary. This plateau region extends
to within about 30 miles of L.ake Superior. From this ele-
vated region the rivers descend radially in all directions ex-
cept ecastward. Due to the fact that Lakes Superior and
Michigan bound the state on the north and east, while the
Mississippi river forms a large part of the western and south-
ern boundary, all the rivers must needs find a low trough into
which to discharge, and that at a comparatively short dis-
tance from their source. This condition insures a rapid fall
in the streams, a large part of which occurs in the middle
third of their length, where the underlying rock changes from
the hard pre-Cambrian crystalline rock to the softer limestone
and sandstone rocks.

The importance of water power resources to a state so re-
mote from coal mines as is Wisconsin is not likely to be over-
estimated. Unquestionably these water powers, if properly
husbanded and developed, are destined to exercise a pro-
found influence upon the development of the state. Indeed
this result can even now be observed in localities, like the
Lower Fox river, where the important water power develop-
ments have created a great industrial center.

A river may be said to be valuable for water power pur-
poses in proportion to the amount and uniformity of its flow.
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The Horse Race, Menominee IRiver

Upper Quinnesec Falls, Near Iron Mountain, Mich., Menominee River,
54 feet head improved.
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Unfortunately it appears that as the lands are cleared
and cultivated and the marshes drained, the river floods in-
crease in size only to be followed by a still lower low water
stage. Large turbine installations under such circumstances
are possible only when a large pondage is available or when
expensive steam auxiliary power is provided.

Of the two methods of increasing the low water flow, by re-
forestation and by reservoir systems, engineers are not agreed
as to which is best. In Wisconsin a beginning has already
been made toward installing both methods. Several hun-
dreds of thousands of acres of cut-over lands in the northern
plateau region are being acquired and planted to trees by the
state, while a private corporation, known as the Wisconsin
Valley Improvement Company, organized by Chapter 335,
Laws of 1907, has already acquired reservoirs on the upper
waters of Wisconsin River with a total capacity of about
7,000,000,000 cubic feet. This is only a fractional part of
the reservoirs possible on the headwaters of this river. A
similar movement is being inaugurated on the headwaters of
Chippewa and F'ambeau rivers.

The curve shown in Fig. 1 shows the rate and amount of
water power development in Wisconsin since 1860. By ref-
erence to this curve it will be seen that between 1860 and
1890, the rate of increase was quite slow, being only about
1,000 horse power per year. Beginning, however, with 1890,
the curve changes suddenly, showing a much larger increase
in water power development. In fact, the new power de-
veloped in the past twenty years, 140,000 horse power, is
over twice as great as the total power developed before 1860.
These figures bring out clearly how unlike other great natu-
ral resources of a state, such as coal, the other mineral
wealth, are the water resources. The former are strictly
limited in amount and when once used are gone forever,
while water power simply uses what would otherwise go to
waste, a resource, in fact, which can be made as eternal
as the sunshine itself. The conservation movement, now
causing such widespread interest, suggests that these
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powers be utilized to their fullest extent as soon as practica-
ble. In this way the equivalent amount of coal can be saved
for future generations.

Unquestionably no single factor has contributed so much
to bring about this wholesale use of water power as the re-
cent development in the electrical generation and transmis-
sion of power, permitting, as it does, the generation of
power at a distant point, where it may be found in great
-quantities and transmitting it to other localities where trans-
portation or other facilities render it more valuable, Elec-
trical transmission also permits the joining by wire of a num-
ber of relatively small powers on the same or adjacent rivers,
and transmitting the combined power to a single central
plant where it can be used to greatest profit and economic
advantage. Every reason exists for the belief that improve-
ment along the line of electrical generation and transmission
of power will continue to be made, improvement which will
even more profoundly enhance the value of our water powers.

During the past summer, the writer was engaged in making
an approximate estimate of the total undeveloped water
power in the entire state for the State and Federal Conserva-
tion Commissions. The result of these computations, while
only approximate because of insufficient data, are so inter-
esting that I have put them in graphical form in Fig. 2. On
a single river (the Wisconsin) the undeveloped powers (203,-
000 H. P. exceed the total powers now developed in the en-
tire state. It is safe to say that a water power is located
sufficiently near every city in the state to be used for either
power of light or both, and that at a large saving in the cost
of production as compared with steam power.

The limits of this paper preclude descriptions of any pas-
ticular powers. Interested parties may obtain maps and
profiles of 500 miles of the most important Wisconsin water
power streams, made from our recent Federal and State Co-
operative Survey. Copies of these maps may be obtained on
application to Dr. E. A. Birge, Madison, Wis. These maps
include the Wisconsin River from Kilbourn to Tomahawk,
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The Dells Paper and Pulp Co.'s Dam and Mill, Eaw Claire, Wis.
Head 26 feet. 8250 h. p. installed. Chippewa Itiver.

Brunette Falls, Chippewa River. Undeveloped. 25 feet Head possible.




Combined Locks Dam on Lower Fox River at Little Chule.
Private damy cost $1,250,000. 4440 h. p.

Dam on Lower Fox River at Depere. 2000 h. p.




The Consolidated Paper and Power Co.'s Dam and Mill, Grand Rapids,
Wisconsin River. Head, 25 feet. 6500 h. p.

Grand Rapids Pulp and Paper Co.’s Plant at Biron, Wis., on Wisconsin River.
Head, 12 feet. 3000 h. p.
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197 miles; Black River, from Black River Falls to Withee,
63 miles; Flambeau River from its mouth to a point 23 miles
above Park Falls, 120 miles; Peshtigo River from Peshtigo to
a point 82 miles above; and the Eau Claire for the 26 miles
between its mouth and the Dells. These maps show the
height of the banks by ten foot contours, while the profiles
show the concentrations of fall. From both maps and pro-
files the amount of fallin any particular length or section can
be obtained and the approximate possible head of a pro-
posed dam be determined. It is hoped that by thus adver-
tising the powers on each river, to insure their early devel-
opment, not by a privileged few, but by any one who is in-
terested in power development.

Still further publicity concerning our water power re-
sources is given by a report on this subject, prepared by the
writer and issued by the State Geological Survey during the
past summer. This report of 350 pages, illustrated by

Nekoose Paper Co.'s Dam, Nekoosa, Wis., Wisconsin River.
Head, 17 feet. 4560 h. p.




Wisconsin’s Water Power Resources. 285
70 plates and figures, can be obtained of Director E. A.

Birge, Madison, for only the carrying charges, 25 cents.

The statements of water powers available are based princi-
pally upon the river surveys referred to before, and to the
daily stream measurement made by the U. 5. Geological Sur-
vey during the past six years on the large rivers. To realize
the full power given during the dryest seasons, reservoirs for
storing the flood waters should be constructed near the head
waters of the streams. Otherwise auxiliary steam power
would need be installed and used at such time.

The following table gives the most important facts regard-
ing the principal water power rivers of Wisconsin:

f 3 < | 8% |88
. = 2. 2 | EE | EEa
: 5 . 2 .2 2 | &A. | A=K
RIVER SYSTEM. <3 B 5D 28 | 228 | 0w
28 3 85 | =5 |EBR|233%
£ 3 B i | 8&0 ‘ gaf
A H < 5| =5 | H
— | - i
sq.miles| feet | feet | feet |
Wisconsin ......... 12280 1044 308 | 430 67200 | 386500
PR wwevesa s s 6400 170 150 | 13 38250 | 11500
Wl smman oz 3650 800 | niin oo i 400 2680 34000
Menominee ........ 4000 550 130 307 | 12600 ‘ 72500
Peshtigo....... ... 1123 . 1040 30 880 | 2190 33800
Qoontor o w ¥uirans 994 | 245 60 725 | 2885 21000
Blagk . sosponvenmas 2270 570 | 95 400 | 2200 16500
Chippewa. .. ..oauvs 9573 1730 | 30 700 20000 | *156000
St GPOIR: womasmemea 7576 322 | 50 200 | 18600 45800
ROCK e, 3500 | 132 | 67 14 7700 1000
Milwaukee......... 840 | 437 | 122 100 3700 4300
Blambetn: cowevas 1983 | 575 | 60 370 5200 45000

*Omitting Flambeau River.
fIncluding Dore Flambeau.
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EDITORIALS.”

THis issue closes another volume of the WISCONSIN ENGIN-
EER. It marks the second year that the new policy of its
management has been adopted. We feel that the change in
the busines management was a step toward putting the EN-
GINEER on a firm basis. We had some money turned over to




Editorials. 287

us by the last board. This enabled us to get a good start
which is essential to the successful completion on any task.
The ENGINEER has been supported loyally by the students,
especially of the upper classmen, and the faculty. As a re-
sult we will be able to give to the new board a better financial
start than we received. We wish at this time to express our
thanks to those who have aided us in making this volume of
the ENGINEER a success, and especially those who con-
tributed articles.

AT present plans are being drawn by Architeet Peabody
for an addition to the Engineering Building. The present
congested state of affairs will be greatly eleviated when these
plans are carried into execution. The basement of the addi-
tion will give the mechanician’s department more room, and
also suitable rooms for surveying and geodetic instrument; the
first floor will be divided so as to give additional recitation
rooms and offices and enlarge the present reading room; the
second floor will be devoted to recitation and lecture rooms
for Mining and Electrical Engineering, the third floor will
give much room for the Junior and Senior drafting rooms,
and the attic rooms will be used for Freshman drawing.

The final plan is to raise both the east and west ends of the
building to full story, and to build a wing to the north on each,
but at the present time only the wing on the north end will
be constructed.

PLANS have also been drawn by the University architect for
the new laboratory for the testing of timber which the United
States government recently decided to have located at the
University of Wisconsin. The new building will be located
at Camp Randall, near the C. M. & St. P. tracks.

Excellent opportunities will be offered to study the various
kinds of timber and their strength, as the government pro-
poses to carry on all the tests of timber, between the Ap-
palachian and Rocky Mountains, at this laboratory.
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AT the present time much is being said about the danger
of the canve on account of the two fatal accidents which
have occurred this year tostudents. The canoe in itself is
not dangerous if properly constructed and handled. The
danger lies in the management and construction of the canoe.
At least nine out of every ten canoes on Lake Mendota have
their seats within an inch and a half from the top. This
makes the canoe unstable because the center of the load is
very high above the water. A canoe in comparatively quiet
water with the center of its load near the bottom is safer than
a buggy with a frisky horse hitched to it. Thus far nothing
has been suggested to prevent canoe accidents, except to pro-
hibit canoeing. This will not prevent students from going
on the water. If they can not use canoes they will use row
boats and sail boats. The sail boat can only be used when
the wind is fairly strong, and it is liable to be used in a gale.
The row boat is dangerous in a storm. A better solution to
the problem is to regulate the use of row boats and canoes
by requiring them to be made according to certain specifica-
tions so that they will be in a stable condition, and allow
them to be used only when the atmospheric conditions are
favorable. Some person could be appointed to give a signal
at the approach of a storm, which would require every stu-
dent on the lake to return at once and prohibit others from
going upon the lake until it would again be safe.

SINCE the last issue of the ENGINEER four lectures were
given in the auditorium of the Engineering Building by
Dr. Herman von Schrenck on Structural Timber. Dr.

Schrenck spoke of the large demands for Timber and the ne-
cessity of conserving our forests. Our forests are conserved by
(1) economical use of material, (2) purchasing and managing
forest lands, and (3) planting trees on waste lands. The
purchase and management appears to be of no immediate
gain to the purchaser. Hence the purchase of timber land
is the worx of the state. At the present time the United
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States government owns one thirty-seventh of the timber
land in this country.

Economy is effected by investigating the size of timber
and making the factor of safety as low as possible. Often
the material used is excessive. A composite stringer has two
or three times the life of a one-piece stringer. Timber is
destroyed in three ways: (1) wasted, (2) mechanically, (3)
decay. The mechanical destruction of timber consists of
impact and abrasion such as on depot platforms. The decay
is of two kinds: (1) atmospheric weathering, which is very
small, (2) fungus action. The fungi grow on the wood and
obtain their nourishment from the fiber similar to the way
wheat gets its nourishment from the soil. In order to devel-
ope they need food which they obtain from the timber, some
heat, moisture and oxygen. If any one of these is absent it is
impossible for the fungi to develope. Timber which was
covered in the delta of the Mississippi River for twenty thou-
sand years, according to geologists, was perfectlv sound when
uncovered because of the absence of oxygen.

There is a large variety of the fungi which grow upon
wood. They may roughly be put into two classes: (1) those
that grow on live trees, and (2) those that grow on dead tim-
ber. Nearly all of those of the first class attack only the
heart wood and use for their food the encrusting substance
of the wood fiber. The wood appears perfectly sound ex-
cept that it has some white spots and the tensil strength is
descreased. This form never gets into a tree except through
a wound, and it dies as soon as the tree is cut down. The
second class attacks only the sap wood and destroys every-
thing except the encrusting material of the wood fiber. Many
specimens were shown in which the wood appeared perfectly
sound on the outside while a large portion was decayed on
the inside.

Preservatives are of a large variety, but those most suc-
cessful are creosote or dead oil of tar and zinc chloride. The
objection to zinc chloride is that it is very soluble in water
and consequently does not stay permanently in the timber,
and also it corrodes the spikes driven into the timber,
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The preservative must be applied so that it penetrates the
wood deeper than the season checks. The spores get into
the check and if the wood is not treated where the spores
strike, they will grow and destroy the wood below the treated
portion. Nearly all of the processes for treating the timber
apply pressure to secure penetration. The process most
used is the Lowre Process. In this process the timber is put
into a tube and the creosote is pumped into the tube until
the required amount of oil is forced into the timber. For
railroad ties this is about seven gallons per tie. The oil is
then let out of the tank and a vacuum applied to suck part of
the oil out of the timber again.

The quantity of the oil left in the timber depends upon the
purpose for which the timber is to be used. In permanent
structures such as bridges the full treatment is used, which
consists of fifteen pounds of oil per cubic foot of wood. In
timber which is subjectcd to mechanical destruction, the oil
should be just sufficient to preserve it until it is worn out.

THE newly established department of Mining Engineering
at the University of Wisconsin has just published a bulletin
announcing thirteen special courses in mining engineering for
undergraduates, leading to the degree of bachelor of science
in the mining engineering course, and an advanced course is
being arranged for next year, for which the professional de-
gree of enginneer of mines will be conferred.

As the duties of the mining engineer are diverse and com-
prehensive, the four-year undergraduate course is designed to
give the student fundamental training in structural, mechani-
cal, and electrlcal engineering, chemistry and mineralogy,
and special work in geology, and the application of these
subjects to mining, ore dressing, and metallurgy.

ORE dressing and assay laboratories are to be equipped in a
building formerly occupied by the heating plant, where, in
addition to the instruction of students in the principles of ore
dressing by hand and the representative machines, experi-
mental and research work will also be conducted. A course
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in practical assaying will follow those in general chemistry
and quantitative analysis.

The course in excavation and quarrying will include railway
grading, support of excavations, canal and submarine exca-
vation, explosives, blasting and allied subjects. Tunneling,
boring, and shaft sinking will form the subject of another
course in which the ventilation, drainiage, and timbering of
mine shafts will be considered, with the methods of sinking
shafts through quick sands, rock, and earth, and hoisting ex-
pedients.

In the course on prospecting and mine development, the re-
lation of mining geology to exploration will precede a con-
sideration of the various forms of prospecting on the surface
and by shafts and drifts, and the development of veins dis-
covered. A separate course in exploitation of mines will
give the student opportunity to learn methods of hydraulic
and dredge mining, ways of coal mining, and salt and sul-
phur mining, with the maintenance of entries and air-ways.

MINE accidents, their causes, control, and prevention will
be treated in the general eourse on mine engineéring, in
which the design, installation and operation of all sorts of
systems for draining, ventilating, lighting, hoisting, hauling,
and signaling in mines will be taught. The generating and
transmitting of power for surface plants, with the buildings,
roads and water supply for them will be a part of the work.

One of the advanced courses will cover the subjects of
gold and silver milling and cyanidation, showing how stamp-
mills are operated, the forms of amalgamation, and methods
of treating precious metals under various conditions. The
senior thesis work of mining students will consist of the
design and working drawings of the principal structures
and machinery for a mine, with a detailed report of the devel-
opment and equipment.

Brief courses in railway location, construction and mainte-
nance and in steam and gas engines will accompany the more
purely mining branches of study, so that students will be
prepared for such railway and engine problems as may come
to them for solution in their practical mining experience.
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ENGINEERING SOCIETIES.

U W. Engincer's Club.

During the spring term several new men were elected to
the club and the prospects are good for those who return in
the fall to start with a strong, active membership.

There have been four programs prepared since the last
issue of the WISCONSIN EFGINEER.

On the evening of May 14 we had the pleasure of a lantern
slide talk by Dr. O. P. Watts on Metallography and the
Microscopic Analysis of Alloys, etc., and its importance.
This proved of much interest to all who were fortunate
enough to be present.

The engineers who took the Eastern Trip gave a very in-
teresting series of talks on various points of interest as fol-
lows:

Niagara Falls—H. J. Newman, '10.

Pittsburg—W. F. Lent, '10.

Milwaukee—H. H. Koonig, 10,

Gary—W. R. McCann, 10,

Detroit—ILjoblom, 10,

At the first meeting after the election of officers for the
spring term, the following program was rendered:

Morgan Gas Producers—H. A. Wilson, '12.

Recent Models of Prime Movers—F. W. Ives, '08.

Portland Cement Manufacture-—W. C. Andrews, '10.

These topics were well prepared and proved of much inter-
est to all.

At the meeting ‘on April 23, Mr. I. H. Spoor, '10, gave a
very instructive talk on Carbon and its Effect on Iron and
Steel, showing the results of various percentages of carbon

in the iron by curves and tables.

Mr. H. H. Magdsick, '10, gave a talk on the value of n in
the equation P Vo — K, followed by a talk on Shaft Plumb-
ing and Mine Surveying by H. H. Hunner, ’09.

On the evening of May 28th, the annual banquet was given
at the Trumpf Hotel, which was attended by all the active
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members and several of the alumni. It proved a most en-
joyable affair and will long be remembered by the class of
1909 as one of the big events of the senior year.

Civil Engineering Society.

During the past year the Civil Engineering Society has
made rapid progress not only by materially increasing its
membership but also by bringing about quite a radical revis-
ion in its program. Heretofore the programs consisted of
lectures rendered by faculty members or instructors, which
of course exempted the students almost entirely from taking
any active part in speaking before an audience. Ingineering
students especially, are deprived from this opportunity, which
doubtless is a great weakness in the Engineering College.
The C. E. Society, realizing this defect, now installed a sys-
tem whereby each member of the Society is given an oppor-
tunity to train and develope this faculty of speaking by ap-
pearing before the public.

Moreover the efforts and interests shown in the promotion
of the revision indicate that the members are greatly in favor
of listening to the experiences of their Society members, and
other articles presented by them, rather than secure some
other or outside speaker which was often quite difficult.
Provision has, however, been made to meet jointly with the
U. W. Engineers’ Club about once a month, whence outside
speakers are generally procured,

This new scheme was introduced, tried and tested now for
over a year, is strongly approved by the members and has
conclusively proved a success.

Although being the youngest of engineering societies, it
now has an enrollment of 55, and until recently was not rep-
represented on the Students’ Conference Committee, but
owing to its rapid growth and activity among other societies,
entitled us to membership this semester.

The officers for the last semeter were:

President—H. C. Kuhl.

Vice-President—H. E. Balsley.

Secretary—F. E. Bates.

Treasurer—F. E. Canfield.
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ALUMNI NOTES.

W. J. Bohan, '95, who has been with the Northern Pacific
Railroad since his graduation has recently invented a system
of train lighting, which is a combination of the head-end
system and the individual axle lighting method. Mr. Bohan
has been working on this system for the past five years.

In this system but one dynamo is used and it is mounted
in the baggage car. It is driven by means of self-adjusting
belts from the axle to the truck at one end of the car. The
generator is entirely within the car, where it and the auto-
matic regulating apparatus can be readily inspected. The
equipment does not take up very much room, however, and-
can be enclosed to prevent unnecessary disturbance with it.
Storage batteries are provided for supplying the load when
the train is stationary.

A recent test of the system with a four coach train showed
that it was fully capable of brilliantly lighting the train at
all times. Its initial and maintenance cost is said to be but
a small part of that required for the regular axle system, over
which it has the further advantage of accessibility for inspec-
tion and repairs. Compared with the steam-driven, head-end
method, it is claimed to cost about one-half.

Prof. Beebe has for some time been gathering information
about graduates from his department regarding the nature of
the work in which they are engaged and the position which
they are holding. It is quite interesting to note the number
of various lines of work in which they are engaged. Taking
the total number who have reported as 100 per cent. the classi-
fication is as follows:

Ereeutive. Technical.
CELitPa]l BEabionE. cuww s srew vasareet s 7.50 17.50
Telephones ....... .. .oiiiiiiiiiiiiiiinnn 2.50 7.80
Elactrical B B svans s aimessi. o0 samis L0 4.30

Stesn B, B o somas svva susss s e 70 .36
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Manufaeturing v suo svinavi aamine ovviseess 2.50 11.70
[T T O G 1.80 2.50
Constriction . i svesvsmmes s smas s 1.42 1.07
Contraeting s, .o vome i doasd S gy aaies .36 .10
TTEACRHINE 50w e vt om o sy 11.00
Research ...cvveiiieioniisnnssinssssneiionss 1.80
Apprentics ...iiiver viis i seees seen s 3.20
Unemployed . ...covvuiiiiniiiaesrreeineesns 2.84
Rate Commisslon ... civive vonsorssisonsss v 2.14
INSUrance.......cooevvenvaves SY SRR SR .0
Steel Manufuceture ... vesivies sussosnsnas .39
Horticulture...ocooeevniveinenssiassasssnsvns 1.07
PGB 2 vt scmesma e Mm@ e e 35
IERIEITNGY o 0ot rnmmswmmmse wnsmnid SE 0 SEHEE Shwivis 1.42
N G s v swvaemisiiis  aolisviemanevmn i - .36
NAGVY cvvevnentrnnrantrsronsnsosssssiasasssss .36
THANSMISEION v svmmma e smias s sveinn 36
DraftSman., ... oeeieiiiiiaiirisnrasaransaas 1.42
ConSUlBIiE , oowvimain swmmn waesn weses wnsem s 2.84
TOUrTRLISIE, o v simdine SEE5S HFARS SRl es 1.07
PREEHS: s vamas s smmm s s @i 1.80
L D103 e | WP G TP 1.07
BanRIAE «vuecs o wvamimmion s s somn o L0
TeSting «ovvvvniiiiiiieas or v 10
Tl gy AT AR R RS ORIE SRS v .36
ChieF BOg. . o o uennisbaiesis dvalie sessmase s .36
TEH D et smmines s uB ST S RateTsi e e .36

This does not include the total number of graduates, but
only such as have sent in the statement.

R. S Peotter, '05, who was formerly with D. W. Mead, of
this city, is now with the Gulf Coast Irrigation Co., of Browns-
ville, Texas, and is located at Mercedes, Texas. Mr. Peotter
expects to receive his degree in Civil Engineering this year.

Mr. F. C. Stailer, 02, who has been with Westinghouse
Electric and M’f'g Co. at East Pittsburg for the past three
years, is now connected with Pennsylvania Terminal and
Tunnel Railroad Co., of New York City.

F. E. Fisher, ’06, who for several years was assistant to
the chief engineer with the Northern Electrical M'f'g Co., of
this city, has accepted a position with the Diehl M'f'g Co.,
Elizabeth, N. J.

A. 1. Bucherker, '08, is located at Victoria, B. C., and has
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a position as switchboard operator in the substation and aux-
-iliary steam plant.

Mr. B. H. Peck, '06, was in the city a few days ago on a
matter of business which was not of an official nature. On
May 6 he was married to Miss Letta Whelan, U. W. 07, at
the home of the bride’s parents, 411 W. Washington Ave.,
Madison, Wis. Only relatives and near friends were present
and all were united in their best wishes for the happy pair.
Mr. and Mrs. Peck will reside in Irving Park, Chicago, Mr.
Peck being with D. C. and Wm. B. Jackson, of that city.

C. ]J. Hejda, '03, is now employed in the Testing Labora-
tories of the Commonwealth Edison Co., of Chicago.
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THE UNIVERSITY OF WISCONSIN

THE COLLEGE OF LETTERS AND SCIENCE offers a General Course in Liberal Arts; a Course
in Commerce; a Course in Music; Courses Preparatory to Journalism, Library Training Courses
in connection with the Wisconsin Library School; the Course for the Training of Teachers, and
the Course in Chemistry.

THE COLLEGE OF MECHANICS AND ENGINEERING offers courses of four years in Me-
chanical Engineering, Electrical Engineering, Civil Engineering, Applied Electro-chemistry, and
Mining Engineering.

THE COLLEGE OF LAW offers a course extending over three years, which leads to the degree of
Bachelor of Laws and which entitles graduates to admission to the Supreme Court of the state
without examination.

THE COLLEGE OF AGRICULTURE offers (1) a course of four years in Agriculture; (2) a course
of two years; (3) a short course of one or two years in Agriculture; (4) a Dairy Course; (5) a
I"arme

Course.

THE COLLEGE OF MEDICINE offers a course of two years in Pre-clinical Medical Work, the
equivalent of the first two years of the Standard Medical Course. After the successful comple-
tion of the two years’ course in the College of Medicine, students can finish their medical studies
in any medical school in two years.

THE GRADUATE SCHOOL offers courses of advanced instruction in all departments of the Uni-
versity,

SPECIAL COURSES IN THE COLLEGE OF LETTERS AND SCIENCE.

THE COURSE IN COMMERCE, which extends over four years, is designed for the training of
younyg men who desire to enter upon husiness careers.

THE COURSES IN PHARMACY are two in number; one extending over two years, and one over
four yvears, and are designed to furnish a thoroughly scientific foundation for the pursuit of the
profession of pharmacy.

THE COURSE FOR THE TRAINING OF TEACHERS, four years in length, is designed to
prepare ted chers for the secondary s('honis Tt includes professional work in the departments of
philosophy and education, and in the various subjects in the high schools, as well as observation
work in the elementary and secondary schools of Madison.

COURSES PREPARATORY TO JOURNALISM provide two years' work in newspaper writing
and practieal journalism, together with courses in history, political economy, political science,
English literature, and philosophy, a knowledge of which is necessary for journalism of the best
type.

LIBRARY TRAINING COURSES are given in connection with the Wisconsin Library School,
students taking the Library School Course during the junior and senior years of the University
Course.

THE COURSE IN CHEMISTRY offers facilities for training for those who desire to become
chemists,  Six courses of study are given, namely, a general course, a course for industrial

Cimmchemist, a course for agricultural ¢hemist, a course for seil chemist, a course for physiological
chemist and a course for food chemist.

THE SCHOOL OF MUSIC gives courses of one, two, three, and four years, and also offers oppors
tunity for instruetion in musie to all students of the University.

THE SUMMER SESSION embr:
e Iinrineering, and Law, The

s the Graduate School, and the Colleges of Letters and Science,
on opens the fourth week in June and lasts for six weeks, except
in the College of Law, which continues for ten weeks, The ;zlddunl,c and undugmdunt(, \\ozk in
Letters and Science is designed for high school teachers who desire increased academic and pro-
fessional training and for regular graduates and undergraduates. The work in Law is open to
those who have done two years' college work in Letters and Science or its equivalent. The Engin-
eering courses range from advanced work for graduates to elementary courses for artisans.

THE LIBRARIES include the Library of the University of Wisconsin, the Library of the State His-
torical Society, the Library of the Wisconsin Academy of ences, Arts, and Letters, the State
Law Library, and the Madison FFree Public Library, \whmh together contain about 276,000 hound
books and over 150,000 pamphlets.,

THE GYMNASIUM, Athletic I'ield, Boating Iacilities, and Athletic Teams give opportunity for
indoor and uutdoor athletic training, and for courses in physical training under the guidance of
the athletie director.

Detailed information on any subject connected with the University may be obtained by addressing
W.D. HIESTAND, Registrar, Madison, Wisconsin.
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Tracy, Gibbs & Co.
PRINTERS

Madison, - Wisconsin

JEFFREY 28A COAL CUTTING MACHINE.

JEFFREY
COAL MINE EQUIPMENT

is thoroughly modern, efficient and economical
OF MANUFACTURE WILL BE

Caravoas DescriBinG Our Line
MAILED ON REQUEST.

Electric Locomotives Vd 10 and Vd 15

Coal Cutters Vd 14
Electric Drills Vad 16 Rubber Belt Conveyers Vd 67
Coal Tipples and Screens Vd 22

Car Hauls Va 21
Handling Coal and Orves Vd 25 Crushers and Pulverizers Vd 31
Mine Fans Vd 26 Coal Washeries Vd 27

THE JEFFREY MFG. COMPANY
COLUMBUS, OHIO, U. S. A.

BOSTON ST, LOUIS DENVER

CHICAGO
CHARLESTON, W.Va. MONTREAL, CAN.

NEW YORK

PITTSBURG KNOXVILLE
S e T e S Y O e R P e A S g P W U e i 3 o S

Please mention the Wisconsin Engineer when you write.
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Drawing Inks
Eternal Writing InKk
Engrosslng Ink
Taur:ne Mucilage
hoto Mounter Paste
Drawnng Board Paste
Liquid Paste
Office Paste
Vegetable Glue, Etc.

HIGGIN'S

Emancipate yourself from
the use of corrosive and
ill-smelling inks and adhe-
sives and adopt the Higgins
Inks and Adhesives. They will
be a revelation to you,
they are so sweet, clean,
well put up, and withal

~ so efficient. TFor home,

Arc the Finest and Best Goods of Their Kind offiee or school use they

are positively the best.

AT DEALERS GENERALLY

CHAS. M. HIGGINS & CO., Manufacturers
Branches: Chicago, London 271 Ninth St., BROOKLYN, N. Y.

C. L. BERGER
& SONS

SPECIALTIES
Precise
[nstruments
for Railroads,
Highways,
Bridges. and
all kinds of
Civil Engi-

50 YEARS?
EXPERIENCE

" TrapE MARKS
DEsIGNs
CoOPYRIGHTS &C.

Anvone qﬂndlug a sketch and deseription may
quickly ascertain our opinion free whether an

neer‘ing. invention is probably patentable. Communieca-
y T tions atrietiy contidential. HANDBOOK on Patents
Largest sent free, Gldest agency for securing patents.

Patents taken through Munn & Co. recelve
special notice, without charge, in the

Sciciifific American,

sizes.
A handsomely illustrated weekiy. Iargest cir-
WRITE FOR culation of any scientific journal, Terms, $3 a
- year; four months, §1. Sold by all newsdealers.

CATALOGUE ! MUNN & ﬂg‘ssmroadwav. NEW Y[]rk

Branch Office, 625 F 8t.,, Washington, D. C.

variety in
styles and

37 WILLIAMS STREET
BOSTON, MASS,
o S I S

NORTON

Grinding Wheels made oi Alundum

Will place your grinding on a profitable basis by in
suring better results, together with a saving of time
and power. They are made of ALUNDUDM, the abrasive which possesses
sharpness, right temper and uniformity.

NORTON COMPANY, Worcester, Mass.

Niagara Falls New York Chicago
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o B N T SRR § ey dan it taid

We have Everythmg
to Supply the

lraugﬁgftsman J Needs.{ S

575

{'r";Drawmg Papers, Tracmg Cloths o j-:‘

| , _},‘:.:_‘_;Tracmg Papers, Blue Print Paper
" iaProfile Paper, Etc, Steel Tapes '
A 'Calculatmg Rules, Pantagraphs, Etc

i Agen fs for the Two Best [nstrumeni Mdkers m the Country

Eugene Dietzgen & Co. Lo O
Keuffel & Esser Co. B

= we GIVE S‘PEC'IA'L’:'ATTENTIFON Tdf MAIL OR"DERS{

504 506 STATE ST

o Blease._ﬁzé_nt_iéﬁ _Thé Wisccmg?iﬁ ';Eng‘iﬁée‘r; wheﬁ 'yow&*ite. R )

MADISON WIS. AR

" f.""Umvers1ty Co-operatwe Co. v s

S
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