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THE RESTORATION OF THE HARBOR OF VICKS- 

burg. Miss., destroyed by the cut-off of 1876 across the 

base of the bend at this point, is proposed in connection 

with the formation of a new outlet Into the Mississippi 

River for the various streams forming the present Yaxoo 

River system. This work is under the charge of Major J. 

H. Willard. Engineer Corps, U. S. A., and proposals were 

invited on Feb. 27 for removing about 7,5»K).000 cu. yds. 

of earth under a continuous contract. The proposed cut 

is about i)..7 miles long, and would start at the Junction 

of the Yaioo with a former bend in the Mississippi River, 

and follow the "wrong end of the Old River”; cut through 

a neck of low land to Liake Centennial and across this 

lake, around the head of De Soto Island, to the former 

Mississippi River channel In front of Vicksburg, and down 

this old channel to deep water at Kleinston Landing. 

The cut is to be .I.!! ft. deep at the extreme low stage, 

and ia to be 98.4 ft. wide at the bottom, with side slopes 

of 1 on or less; In front of Vicksburg the channel Is 

to be widened to permit the turning of boats. Bids will 

be received until April 5 and the full advertisement will 

be found In our Proposal Columns. 

THE NEW ORLEANS LEVEE BOARD, at its meeting 

of Feb. 27, reported the Mississippi at a height of 14 3 ft. 

on the Canal St. gage and against the levees In many 

places. Mr. L. W. Brown. Engineer of the Third Levee 

District, reports that the work done under his orders In 

protecting the existing levees from cutting are, in his 

opinion, most satisfactorily carrying out the objects of 

the work. The main current of the river, opposite his 

work, Is now well rlverward of where It was prior to the 

eommencement of the protection, and his Investigations 

show that very marked improvements In the slope of the 

river hank are now being made. Mr. Brown will shortly 

submit to the Board a detailed description of this work, 

which we trust to give later. In brief, his plan proposes 

to restore an even and easy curve of flow for the river, 

on the inside of the great bend made by the river at this 

point, and to do away with the dangers resulting from 

the irregular line of the present levees, with their many 

angles exposed to cutting action, as follows; The line 

of curve Is fixed outside of the present levees, or includ¬ 

ing those farthest out; and to this line extend lines of 

braced piles driven in rows perpendicular to the shore 

line. The theory, as we understand It, Is that these plies 

serve as current deflectors, turning this current out 

towards the mid river in even, easy curves; and at the 

same time the losa of velocity, due to striking these piles, 

permits the deposit of material on the slope and builds up 
the slope rlverward. 

THE PROPOSED DAM ACROSS THE OHIO RIVER, 

near Cuilom’s Riffle, below Cincinnati, the survey for 

which was ordered by Congress, would cost $1,050,000, ac¬ 

cording to the survey and estimate made by Major W. H. 

Bixby, Corps of Engineers, U. S. A. The purpose of the 

survey was to secure a channel depth of not less than 6 

ft. at low water stage. The preliminary aurvey, only, has 

been made, as the existing high stage of water prevents 
final work. 

MORE WHARVBJS FOR HAVANA are recommended by 

the American military authorities. Jose Pujals, Chief En¬ 

gineer of the Harbor, suggests six new piers near the 

general wharf and the improvement of the channel. The 

present docks arc overcrowded, and much lightering is 
necessary. 

A PONTOON-BARGE TO CARRY STEEL CANALBOAT9 

will probably be built late this year by the Cleveland Steel 

Canalboat Co., Chas. E. Wheeler, Secretary and Manager, 

of Cleveland, O. As designed this barge will be .360 ft. 

long, 45 ft. beam and IM ft. deep, with double bottom and 

sides for water ballast. This barge would carry six canal- 

boats In two rows of three each, and these boats would 

be floated in at the stem, while the barge is partly sub 

merged; the opening would be then closed by gates and 

the barge pumped out. The estimated cost of the barge 

Is $125,000, and with minor alterations it could be con¬ 

verted into an ore carrier. It la intended for carrying 

canalboats between Cleveland and Buffalo; and the trip 

is to consume 45 hours, at the rate of about 4 miles per 

hour, with a steamer and three consorts. At present these 

canalboats are towed through Lake Erie in fleets; but 

this navigation is seriously Interfered with by storm and 

ice, and the new barge is supposed to he able to make the 

passage in any weather. 

FREIGHT TERMINALS FOR OCEAN STEAMSHIPS In 

South Brooklyn are proposed by John W. Ambrose and 

his associates, as one of the resultants of the deepening 

of the main ship rhannel and the Red Hook and Bay 

Ridge channels of New York harbor, now authorized by 

Congress. The plan proposes a great freight terminal 

at tho foot of 39th St., Brooklyn, with an extension of the 

South Brooklyn & Terminal Ry. to Jamaica; and from 

Jamaica over the New York Connecting Ry. to Port Mor¬ 

ris, and by a transfer-boat system to the New York Cen¬ 

tral and New York, New Haven & Hartford railways. 

THE MOST SERIOUS RAILWAY ACCIDE.N’T of the 

week occurred on the Mobile & Ohio R. R., near Tupelo. 

Miss., on March 2. Six coaches of a train loaded with 

several hundred of the 2d Missouri Volunteers returning 

to their homes were overturned from some cause not 

known. Two men were killed and six others seriously in¬ 

jured. 

A PECULIAR RAILWAY ACCIDENT occurred on the 

Pennsylvania R. R., near Huntingdon, Pa,, on March 

In which two men were killed and two others were se¬ 

riously Injured. The accident was due to a land slide, 

resulting from heavy rains, into wnicb a west-bound 

freight train ran at full speed. In the rear of the freight 

was a newspaper train, which dashed into the wreck, and 

almost at the same time an east-bound freight ran into 

the wreckage which covered both tracks. 

A .V)-TON FLYWHEEL BURST at the South mill of the 

Lackawanna Iron & Steel Co., Scranton, Pa., on Feb. 23. 

This wheel was 60 ft. in diameter, and the broken parts, 

some of them weighing several tons, were thrown to some 

distance. Only one man was killed, although the acci¬ 

dent occurred when the mill was running and there were 

many men in the vicinity. 

A POWDER MAGAZINE near Toulon, France, blew up 

on March 5, killing 50 persons and seriously injuring 

many others. It is stated in press reports that 110,000 

lbs. of black powder were In the building at the time of 

tbe explosion. The cause of the accident is not known, 

but is attributed to chemical decomposition or revenge on 

tbe part of some soldier. 

THE FIRE AT THE BROOKLYN NAVY YARD, of Feb. 

15, will cost the government $1,125,00<.*, according to the 

appropriation asked for by the Bureau of Yards and Docks 

and Steam Engineering. It will cost $.37.'),000 to restore 

the steam engineering building, and $75(>,tiOO for steam 

engineering plant destroyed, including machine tools, 

cranes, power plant, boiler and blacksmith shops, ex¬ 

perimental and testing laboratories, offlee equipment, et:. 

THE NAVAD STONE DRY-DOCK controversy has had 

varied experiences in the Senate and House conferences. 

The question of stone and concrete or timber dry-docks 

was at first referred to the Secretary of the Navy for de¬ 

cision. but Secretary L.ong insisted that it was for Con¬ 

gress to select the type of construction. Commodore En- 

dicott. Chief of the Bureau of Yards and Docks, recom¬ 

mended stone or concrete faced with stone, and explained 

to tbe committee that while tbe first cost of stone and 
concrete docks was from 25 to 30% in excess of the cost 

of timber structures, the stone dock cost little for main¬ 

tenance, and was practically everlasting, while wood 

meant costly repairs and a limited lifetime. He also 

stated that It was possible to build stone docks even su¬ 

perior In form to timber dry-docks. The House bill of 

March 2 appropriated $800,000, to be applied in tour equal 

parts, to commanclns the construction of granite and con¬ 

crete dry-docks at Boston. Mass.; Portsmouth. N. H.: 

Mare Island, Cal., and League Island. Pa.; the limit of 

cost, in each case was $1.100,tK>0. This bill was finally 

amended In conference so that "one of the dry-docks In 
addition to that at Boston may. In the discretion of the 

Secretary of the Navy, be built of stone, or concrete faced 

with stone." This would seemingly leave two timber 
dry-docks to be constructed. 

THE LIMITATION IN THE PRICE OF ARMOR-PLATE 

to $.'!(»0 per ton of 2,240 lbs., inserted in the Naval Ap¬ 

propriation bill near the close of the session, applies only 

to tho new vessels authorized by the bill, which were 

three battleships, three armored cruisers and six protected 

cruiser*. The armor for the "Maine." ".Mlsaourl," and 

"Ohio,” which were authorized by Congress last spring, 

and for the four monitors, authorized at the same time, 

may be purchased at the rate of $4tit) per ton The law 

further provides that contracts for the hulls of the new 

vessels Just authorized shall not be made until the con¬ 
tract for the armor is made. If the armor manufacturers 

refuse to sell armor for $:«H) per ton, the contracts for 

such of the new vessels as require armor cannot be 

made until Congress reassembles next December, and 

takes action to relieve the situation. From the prevailing 

sentiment in Congress. It is by no means unlikely that 

this action may take the form of an appropriation for the 

construction of a government armor plant. 

THE NAVAL PERSONNEL BILL has finally passed 

the Senate and House and is a law; but until the bill as 

finally passed is before us it Is almost Impossible to 

state in full what has actually been done. Among the 

final ehanges made In the conference committee, how 

ever, are the following important enactments, aside from 

the very radical one of asbsorbing the steam rnginf>ering 
staff Into the line; No appointments shall be made in 

the Civil Engineers Corps on the active list in excess of 

the present numbcr-21. After June 30, 1S99. line officers 

and officers of the pay and medieal staff shall receive the 

same pay and allowances, except forage, as are awarded 

Army officers of corresponding rank; on shore duty the 

naval officers shall receive the allowances, but l.'»% less 

pay than when at sea. Naval Chaplains, who do not pos¬ 

sess relative rank, are to rank as Lieutenants In the 

Navy; and all officers, includlrg warrant officers, ap¬ 

pointed from civil life, shall be credited with five years' 

service in computing their pay. All laws authorizing the 

distribution of prize money among officers and crew are 

repealed, including bounty heretofore paid fter sinking or 
destroying the vessels of an enemy. 

THE MASSACHUSETTS METROPOLITAN WATER 

Board has sent us the following information regarding 

contracts to be let by It during the early part of the year: 

Tho first work to be let is tiie completion of an Intercept¬ 

ing sewer, reservoir and sewage pumping station at Clin¬ 

ton, Mass., which has been abandoned by tbe original 

contractor. A notice of the letting will be found in our 

advertising columns. Considerable work is to be done 

near Clinton In eonut-ctlon with the construction of the 

Wachus«'tt Reservoir; one of the early contracts will b«' 

the stripping of surface soil from the reservoir near 

the north dike, and some excavations for the dike, requir¬ 

ing In ail the removal of 315.000 cu. yds. of earth; an¬ 

other Is a small eontract, requiring the removal of 20,00t» 

cu. yds. of earth for the completion of some railway 

grading; still another is the surfacing of about three 

miles of road along the margina of the reservoir with 

broken stone. AH of theae contracts will probably be let 

within a month. Later In the spring it Is expected that 

a contract will be let which will involve the stripping of 

3,600,000 cu. yds. of soil from the surface of the reser¬ 

voir, and there will be other contracts for earth work at 

the reservoir, the largest one Involving the removal of 

150,000 cu. yds. of earth, more or less. Plans are in 

preparation for the improvement of Spot Pond, which Is 

located seven miles from Boston, and Is to be used ss a 

distributing reservoir. This work will involve the re¬ 

moval of 750,000 cu. yds. of earth. Filter beds, bsving 
an area of about 15 acres, for filtering the water of a 

brook, are to be constructed near Marlborough Junction. 

About 2V^ miles of cast-iron water pipea, 24 and 20 ins. In 

diameter, are to be laid to supply water to the town of 

Arlington. The large masonry dsm of tbe Wschusett 

Reservoir will not be let this spring. We sre authorized 

to state that due notice of the lettings of the above work 

will appear in the advertising columns of the Engineering 

News. __^__ 

TYPHOID FEVER AT PHILADELPHIA has assumed 

alarming proportions, there having been 321 deaths from 

this cause during the nine weeks ending March 4 and 49 

for the single week cloeing on that data. During the 

whole of 1886 there were 638 deaths from the disease in 

Philadelphia, but this was within 32 of tbe number in 

Greater New York, with its immense population. Tbe re¬ 

sponsibility for deaths in such criminal numbers Is 

placed primarily on tbe character of tbe water supply, 

and that in turn on tbe city council, which persistently 

refuses or neglects to take effective steps for Its im- 

provemenL 



for Irrigation, and the works for impoundlng.stor- 
Ing and carrying the water from the mountains 
to the lowlands serve for one as well as for the 
other. 

In cases where irrigation works has been under¬ 
taken apart from power development, the great 
difference in elevation between the source of sup¬ 
ply in the mountains and the lands to be irrigated 
has In many cases necessitated very long and de¬ 
vious canal and flume lines to take care of the 

two streams. The Santa Ana is diverted ^ 
low masonry dam topped with sand bags, j, 
will wash off In a flood and increase the 
way. This dam throws the water to a m;. 
intake supporting a heavy grating of old ra v 
rails, below which is a pair of gates for regu; • - 
the amount of water admitted to the ti . 
flume. Thi.s flume is cemented into the ma v 
Intake upon which it also rests, and extend ; > 
ft. to the junction with the Bear Creek flum-, 
size being 5 ft. wide by 3 ft. deep. The top is ... 
pletely covered with plank for a distance of . ft 
from the intake, or until the bed of Bear Cre - is 
low enough to allow water to flow beneatti i,.. 
cover being used to allow flood water to run ■ - r 
the flume without causing damage. 

The flow from Bear Creek is diverted win m 
using a temporary dam, but the head of the I', i;m.- 
has a masonry intake, a grating of rails, and r> 
ulating gates, like the other; the size being Mi.' 
same for 93 ft. to the junction, beyond which ih.' 
width is H ft. for the remaining ft. In ttiis 
portion of the flume there is a hopper-shap<-! de¬ 
pression, with a discharge gate, to trap bowlders 
and the like, and allow of their removal. These 
flumes are built so as to be easily repaired and 
it is believed they will gather more water than a 

WATER POWER PUNTS WITH LONO DISTANCE ELEC 

TRIC TRANSMISSION IN SOUTHERN CAUFORNIA. 

By C. E. Fowler, M. Am. Soc. C. E. 

(With full-page plate.) 

The long-distance transmission of power by 
electricity has been carried out to a greater ex¬ 
tent in Southern California than in any other 
region of the United States. 

LoaAn^ele^ 

Sa. California fbnof Co^ Line. 
SanOabritI Btctric » » . 

IftdIands ClLiglitblbwtr • » 

San Antonio» • k •» » 

FIG. 1.—MAP SHOWING THE PRINCIPAL ELECTRIC POWER TRANSMISSION LINES IN SOUTH 
ERN CALIFORNIA. 

While the plants are not of large size, the dis- fall. Where the wi.ter Is first used for power, 
tance over which the electric currents are carried however, practically all the drop Is taken care of 
are much greater than have been found commer- at one point, the penstock leading to the pow’er 
daily practicable elsewhere. The reasons for this station, and a much shorter course for the canals 

. \ is possible. 
\\A The longest line for the commercial transmls- 
\ '%\ Sion of power ever put In operation Is that re- 
\ '^\ c-ently completed by the Southern California 

* \ Power Co. This company takes water from 
\ streams In the San Bernardino Mountains, carries 
\ \ It in canals and tunnels about miles, develops 
\ \ power from it under a head of over 700 ft., gen- 

2 - crates electric current and transmits it at a pres- 
' \ sure of 33,000 volts to Los Angeles, 80 miles away. 

j \ Bernardino Mountains, near the junc- 
/ / \ \ Bear Creek and Santa Ana River, where 

^ \ ^ \ the headworks of the Southern California Power 
\ " \ x \ Co. are located, are very rocky and precipitous, 
\ \ 'x \ so that the construction of an open flume from 
\ / ' \\ Qyftffg, the intake to the power house would have been 

Ovtkt at Stunt botri ^StuntbaM very expensive. Besides this, the length of flume 
A / ' required would have been very great, entailing a /A / ' : corresponding loss of head. The mountains which 

^ Interx’ene between the Intake and the power house 
\ / / / site consist of a series of spurs, or “hog backs.” 
\l/ which are approximately parallel, and the canal 

is located to Intercept them. Thus 80^ of Us 
' I\ 7 length is in tunnel. The rest of the line consists 

A 1* . / 1.2*7 of open masonry canal, while the balance 
/ / is practically all timber flume. There are 18 tun- 

0^^ i/ ! \ 1 length of n..V».’i.4 ft., the long- 
Stmtba’rg' J \ / cst being No. 8. which is 2.074.2 ft. long. The /\ \ flumes, which connect these tunnels, deliver the 

\ ' jf'.’iztorSMLtbrtt wate^to tunnel No. 1 and carry it to the reservoir 

^ from the last one, are 20 in number with an ag- 
/ ^ I gregate length of 2,661.0 ft.; the longest—connect- 

\ ' i ^ tunnels 4 and 6—is 966.4 ft. long. The remaln- 
\ \ / / / der of the 2.53 miles of the line consists of 167.1 
\ J ft. of open masonry canal, 121.5 ft. for the sand- 

between tunnels 1 and 2. and 56.9 ft. of res- 
y \ ervoir and forebay at the head of the penstock. 

The elevation near the Grand Junction, where 
A *7 water Is taken from the river, is 3.422 ft. above 
^ / 

/ sea level, the junction being about seven miles be- 
jp / low the famous Bear Valley dam, while the ele- and was softer as 

j vatlon at the power house is 2,670. a difference of Hand drilling was 
/ f j 752 ft. The grade of the canal is 9.5 ft. per mile, and was quite dlfll< 

/ / / which leaves a static head of 72S ft. In the pipe large Assures, the 

Fig. 4.—Plan of Sand-Box. line at the power house. ing the surface ve 
The streams which supply the water to the large holes were m 

are, first the high cost of steam power in flume are the Santa Ana River and Bear Creek. Compressed air vs 
Southern California owing to the high price of Eventually the water from both these streains nel No. 8 to open 
ct>al. This has made it possible to dispose of will be diverted with the aid of a dam to be built larger blasts belni 
electric power transmitted owr long distances at just below their junction in the narrows shown in walls and roof. Thi 
prices which would not be possible in any place Fig. 3, and it will probably be carried to such a in the canyon, and 
where steam power is of ordinary cost. Again. height as to form a storage reservoir. At pres- steam engine. Lat 
the water used to develop power Is also of value ent, however, there are separate intakes on the from a point up th« 

Fig. 4a.—View of Sand-Box Under Construction. 



ihe tlunies connecting the tunnels were 5 ft. 6 
ins. wide (see Fig. 8), except the one connecting 
tunnels 10 and 11, which was only 44.:; ft. long 
and was narrowed to 4 ft. 0 ins. The additional 
foot lii width in the longer tlunies was added to 
compensate for bends and roughness. The posts 

down in some places to a depth of 12 ft. or deep 
enough to guard against settlement or under¬ 
mining. On top of these walls are three concrete 
I>edestals about 14 x Id ins. under each sill. These 
foundations are usually placed 13 ft 8 Ins. apart: 
but on benches they are only half this distance. 
Thej?rosslng of gullies was accomplished by spans 
of 2i ft. 4 ins. of hog chiiin trusses. 

The longest flume, of which 
Fig. r>, is located betw 
l»r»«>.4 ft. in length. T‘ ‘ 

sloping plank, to protect it from 
Is proposed to change this flume 
side hill tunnel, 

experienced in this work 
tion for i>ower canals is the only 
method, besides avoiding the chance 
shut-down of the itlant, 
enormous loss. I '• 
a .shut-down is of small 

til the flume can be replaced need 
damagi . The timber of the flumes 
rectly to the masonry of the 

obtain. : for Ol)eraiUlK lo mu iiir 

tsimj'! ’or. The air was piped up the mountain 
side fr'fn the receiver, which was located near the 

comirc.’or. 
guU * large percentage of the tunnel work had 

lo be uered, and sets of timbers were put in 
plate at 4 ft. apart and left until the concrete 
lining ■ bed them. They ranged in size from 
4 X t; l.tc to 8 X 3 ins., and the roof supports were 

three - -inents. 
t»n!> of tunnel work was left wholly 

unline tnd this was all above tunnel No. 5, while 
12'' i: If was only walled and floored, the bal¬ 
ance. . was walled, floored and arched. The 
c'oncr. • for the lining was made of one part Col- 
tun I'ottland cement, which is manufactured 
akiut iiiiles from the work, and seven parts for 
walls it: d five parts for the arches of a splendid 
gra\vl.:ii'i.st of which was found in the canyon near 
tunnel .No. lii- The cement was used in such 
quantitx that it was very fresh from the works— 
about barrels being used—and the unslaked 
lime which was present cau.sed it to set so quick¬ 
ly that water had to be piped into the tunnels and 
the concrete mixed there. The cement and gravel 
were first mixed dry outside and were then run in 
on push cars, directly to the place where the con¬ 

crete was to be used. 
Much of the gravel was put into sacks at the 

gravel bed,and placed on the line of the work by the 
incline railway shown in Fig. 7, which was built 
by a firm of contractors who originally undertook 
the construction of the work, but later abandoned 
it The water was pumped from the river at this 
incline through small pipes to a height of 55(t ft. 
jiy two force pumps connected in tandem. At 
tunnels No. 7 and No. 9 the water was hoisted in 
t)arrels by means of cableways. At No. 8 water 
was immped from the tunnel for a time by a force 
liump ojierated by compressed air, but as the sup¬ 
ply proved Insulflclent the pump w as moved to the 
foot of the hill and water was forced through the 
pipe that had been used for compressed air; the 
water u.sed in the upper end of tunnel No. 8 was 
balled from the floor and conveyed in tank cars 
to the work; the water used above tunnel No. 5 
was raised by a hydraulic ram. 

The concrete mold frames for the sides (Fig. 5) 
were formed by 2 x 6 in. uprights about 5 or 6 ft. 
long, placed 4 ft. apart, braced across the top In 
l)air8 by 2 X 3 In. struts held in place by wedges 
driven l)etween the uprights and the rock wall, 
and at the bottom by wedging against the tram¬ 
way track. The lagging boards were 1% x 12-in. 
by 12-ft. They were surfaced on one side, and 
tW'O edges were placed in position behind the 
frames as the concrete lining of G-in. minimum 
thickness, was tamped in behind them. The 

a view is shown in 
•een tunnels 4 and 5, and is 

It is partially roofed over with 

slides of rock. It 
next season to a 

as it Is conceded by all engineers 

that tunnel construc- 

l>ermanent 
of a Iftng 

which would involve an 
In the ca.se of an irrigating plant 

.“•! moment, as the delay un¬ 

cause little 
connects di- 

tunnel portals, be¬ 
ing supported by it and the Joint made tight by 
cementing. 

From the end of tunnel No. 18 a flume 2r>."i..''. ft. 
long and six boards high carries the water to the 
reservttlr at the head of the penstock. A short 
distance above this reservoir a spillway Is pro¬ 
vided by leaving off the top plank for a distance 
of ;{8 ft. The water falls into a concrete chamber 
and is carried from this by a 24-ln diameter No. 
S gage pipe about 400 ft. to a rocky ravine, which 
in turn carries it to the river in the canyon above 
the power house. This pipe is joined by a 12-In. 
pipe, about KK) ft. from its upper end, leading 
from the drainage gate in the reservoir. 

The purpose of the reservoir is to give a quiet 
entrance of the water to the penstock and keep 
the mouth of the latter always submerged, so that 

and caps of the flumes are 4 ins. x (J ins. redwood; a-l*" will not be carried into it. 
the bottom is made of 2 in. redwood plank, as are The reservoir is triangular in shape, (MI ft. on 
also the sides, which are at present four 12-ln. each side and 9 ft. deep. Two of the sides are 
planks high with provision for two more planks formed by concrete facing on the aides of the ex- 

Fig. 7.—Temporary Incline for Hoisting Gravel 

bide Llevotton 

FIG. 8.—DETAILS OF FLUME CONSTRUCTION, 

when it is desired to increase the capacity. All the 
Joints are calked with oakum and tarred with 1 
in. X 4 in. strips outside to retain the oakum. The 
curves were made by a slight deflection in each 
plank length comprised In the curve. 

The flumes are supported on concrete piers or 
walls placed transversely to the line, carried 

cavation, while the third or enclosing side is a 
concrete wall about 2 ft. thick at the top and 
founded K! ft. below the surface at a point where 
the rock debris is well packed. The forebay is 
at the bluff side of the reservoir, and has two 
compartments, from one of which the 30-ln. pres¬ 
sure pipe carries the water to the power house. 
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Th** other compartment is dealffned for a second 

.'Ut-in. preHHure pipe when It shall be required. 

The removal of the sand from the water, which 

would Injure the water wheels, is accomplished by 

a sand box (KIrs. :i and 4), 121.5 ft. In lenifth, 

which occupies pra<'tl< ally all thedlstance between 

tunnels No. 1 and No. 2. This structure is 20 ft. 

in width, and Is divided by a central partition Into 

two compartments, one 14 ft. and the other 15 

ft. wide, each one havina a Rate at each end. 

Kach compartment has two hopper-shaped de- 

trench not less than 5 ft. deep, thus avoiding the 

necessity of anchoring and chanaes In length 

from temperature. The vertical and horlxontal 

changes In direction were concentrated at the 

same points as far as possible to reduce friction 

loss. The pipe was coated with two coats of as- 

phaltum before belna laid. The Junction at the 

receiver is at riaht anales, with an Eddy ^te 

valve, while there is a second tee and valve a 

short distance away for connectlna a duplicate 

pressure pipe. The receiver is cylindrical and 30 

FIG. 11.—PELTON WATER-WHEEL AND DIRECT-CONNECTED DYNAMO IN PROCESS OF EREC¬ 
TION. 

pressloiis, 5 ft. deep at the shallowest place and 

_!♦ ft. deep pt the discharae antes, towards which 

the hopper bottom slopes from all directions. The 

reduction of the velocity of the water as it flows 

through these compartments allow's the sand to 

drop to the bottom, from which it is flushed out 

through the discharge gates from each compart¬ 

ment alternately, while the canal flow is shut oft 

by the end gates from that side. 

Such sand as finds its way down the canal 

can l»e removed through a gate in the bottom of 

the reservoir, a by-pass being jirovlded to run 

the water around to the penstock. 

Mention has already been made of the incline 

Imllt by the «>ontractor (Fig. 7). This was very 

expensive for the comparatively small amount of 

work required,and when the company took charge 

of the work cableways were built at other points 

for the transport of material. A ’Ji-ln. wire rope 

was passed around and clamja^d to an old sheave 

wheel anchored to a dead man or large bowlder at 

the bottom, while at the top It was passed over 

the timber shear and anchored on the bluff. 

There were three of these cableways, the longest 

span being about IKK) ft., and the trolley was 

o|>erated by a single drum engine using com¬ 

pressed air piped a distance of l.flflfl ft. The next 

longest was operated by a single drum steam 

hoisting engine, while the shortest was operated 

by a team of horses making a direct pull. 

l>iiring the construction trails were built around 

all the tunnels, making It possible for the zanjero 

to pass along the entire line. The necessity for 

completing the line before the next season made 

it necessary to work on Sundays and holidays; 

and part of the force worked at night during the 

last seven months, ^irevlous to Dec. 1. As the 

Chief Engineer was also In charge of the con¬ 

struction, It was necessary for him to camp near 

the line in the canyon and give the work con¬ 

stant i)ersonal sui>ervlslon. 

The building of the pipe line and the power 

idant were in charge of the superintendent of 

the company, only the surveys and location of 

the j>ipe line being made by the engineering 

force. 

The pipe line has a length of 2,214 ft. from the 

forebay to the face of the flange of the gate valve 

adjoining the receiver, which is Just outside the 

power house. The pipe, which is 30 ins. in di¬ 

ameter, varies from No. 10 gage steel at the top 

by graduations of sixteenths of an Inch to 9-16- 

In. thickness at the bottom, and la all laid In 

ins. in diameter, lap-welded and having flange 

Joints. Ludlow valves are placed in this and In 

the outlet pli»es to supply six water wheels. The 

flange Joints were all machined and no leaks have 

occurred in them nor in the piping, with the gage 

reading 314 lbs. per sq. in., which corresponds to 

an effective head of 723 ft. While no accurate ex- 

icerlments have been made it is believed that even 

with lap Joints in the pipe line and right-angle 

Junctions of the inlet and outlet pipes, the loss 

of head will be less than was calculated. 

The power house (Fig. 9) is 41 X 13(1 ft., and 

the walla are of monolithic concrete, made of 1 

To each wheel is fitted a Lombard wi< r-whA»| 

governor which controls the nozzle and fleets i 

from Its most effective position as the fan, 

off. As Fig. 10 also shows, the Gener., Rleetri! 

alternator which is driven by the Pel' n 

is secured to the same shaft and moun> ) „„ 

same base-plate. The alternator is of the ty " 

In which the fields revolve while the an uurere 

mains stationary. The massive const i. tion 

the spider for the field coils is esp.. ■ ,ily n,, 

ticeable. 

As seen in Fig. 11. there are at prese f.,ur 

these generators installed, while found.,;i.^ns are 

provided for two more. They are of th. three, 

phase type with 20-pole revolving flci,'. 

machine is of 750-K-W. capacity, runiiiriR at a 

speed of ,‘{00 revolutions and deliverint. current 

at a tension of 7.50 volts. The exciters f,.r the«. 

machines are General Electric 30-K-\V penera- 

tors, with a voltage of 1‘2.5, driven by .*><i up p„|. 

ton wheels with automatic governors, wtiich were 

designed by the superintendent of the c.,m,,any 

These exciters, three in number, have a separate 

panel on the switchboard, and can be wutked nn 

two sets of bus-bars as well as to excit. the field 

of each generator. They also furnish current te 

light the power house. 

Each of the main Pelton wheels disdiaiBes it.< 

water through a separate tunnel under ilie fl,H,r 

into a separate tail-race (Fig. 13), and e ac h tail- 

race discharges into a common reservoirs ft. wide, 

which in turn empties into the river tlircugh a 

sluice gate. 

At a point farther down the stream, the water 

is again withdrawn from the river and used fer ir- 

rigating purposes. It is claimed that the amount 

available Is much greater than in the case nf or¬ 

dinary river flow, or an Irrigating canal, as tho 

careful construction of the power canal iirevents 

the great loss from seepage or evaporation, inri- 

dent to an ordinary open canal, and also the loss 

from underground flow, which happens when the 

water is carried in a mountain stream. 

Each tail-race is lined with plate steel, and cov- 

ered by timber, while a wooden buffer is placed 

on the wall of the reservoir opposite ea< h race, 

this protection being necessary to protect the con¬ 

crete from injury when the water is first turned 

out to the wheels, the force of the disc harge being 

very great until tue power system is loadc'd. 

All Races Covered wdti Pkrnk Covers Batted down, 

Extending across Reservoir to Rip of Buffer. 
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FIG. 13.—PLAN OF TAIL-RACES. 

part Portland cement to 5 of gravel, while the 

floors are concrete with cement surface. The 

walls are 2 ft. thick to a height of 4 ft. above the 

floor, above which point they are 18 Ins. thick, 

except on the side next the mountain, where the 

thickness is 2 ft. 6 ins. up to the offset for the 

crane rail. The roof trusses are of steel riveted 

construction, with wood purlins carrying galvan¬ 

ized corrugated Iron covering on the roof and 

gables. The building is lighted from the high 

windows in one side and from the monitor. A 

hand power traveling crane of 15 tons capacity 

and 26t(j.ft. span Is carried at the Inner end by 

a steel l>eam runway supported on steel columns. 

The outlets from the receiver to supply water to 

the wheels are tapered from 10 ins. down to 6 

ins., where the nozzle connects. The largest noz¬ 

zle is 3\ Ins. In diameter. The wheels are of the 

well-known Pelton Impulse type, and are 82 Ins. 

in diameter. Fig. 10 shows one of the wheels be¬ 

fore being enclosed In the casing which covers It. 

The low-tension switchboard (Fig. 11> has a 

panel for each one of the large generators, each 

panel being provided with three single-pole quick- 

break switches, which are so connected that any 

machine in the plant can be operated on either set 

of bus-bars. The switchboard, besides having 

the usual voltmeters and ammeters, has recording 

volt and ampere meters and a Thompson record¬ 

ing wat|-meter for each set of bus-bars. 

The transformers (Fig. 15), twelve in number, 

are arranged in banks of three, while foundations 

are in place for two more banks. They rest on 

foundations of steel beams and concrete, .{•> ins. 

above the floor, to provide an air duct beneath, as 

they are of the General Electric air-cooled type, 

and also to allow room for connecting up the lo» 

tension wires. These transformers rais- 

tential of the current from 750 volts to 1.. 

volts and are connected In Y to produce a tinal re 

suit of 33.000 volts on a three-phase circuit. The 

required air pressure of %-oz. is provide! by tso 



tmi. Ney,j,, 

juffalo blower«,each one driven by a 3-HP. 

1 Klectrlc Induction motor. 
.AV-tension side of the transformers may 
ated from either set of bus-bars for two 
,f work without Interference. The hlgh- 
.s.de of the transformers are provided with 
tf-nsion switchboard (seen at the top of 

was the regulation that the tachometer showed debted for the data of that part of the work as 
practically no variation in the speed of the main well as for drawings and some , of the photo¬ 
shaft. The water was discharged into the tall- graphs. Mr. O. H. Knslgn, Superintendent of the 
race with great force before the load was on, the company,who designed and constructed the power 
water foaming and splashing Into the air, to a plant, and the i)ipe line, as well as the other me- 
height It was said of 30 to 40 ft. before the chanlcal and electrical worK,favored him with vo- 
wood cover was used. As the load was applied, luminous data and various courtesies during the 
however, it flowed quietly from the wheels. 

The current at Pasadena is reduced in voltage 
by six We.stinghouse loO-K-W. oll-cooled trans¬ 
formers, located at the plant of the Pa.sadena 
Klectrlc l.ight & I'ower t'o. The drop is from 33,- 
IMKt down to 3,300 volts, and at the latter pressure 
it operates a (.General Klectrlc .■>3.">-K-\V. syn¬ 
chronous motor, which is controlled dire<’t from 
the switchboard. This is directly connected to a 
.%3."i-K-W. generator for supplying direct current 
at low tension and is also belted to a countershaft 
from which are driven two old lighting dynamos 
which were formerly run by steam power. 

The current at Kos Angeles is transformed at 
the Sec-ond St. station of the Kdison Klectrlc <”o. 
by six (Jeneral Klectrlc 3ob-K-\V. step-down 
transformers (which are cooled by one blower 
with motor) from ^{.'{.(MNl to 3,31N) volts, at which 
tension it is carried to the new Fourth St. station 
of the same company. (Fig. 17.) 

This building. 37 ft. 3 ins. by S7 ft. lO ins., has 
brick walls, cemented over on the inside and out¬ 
side, steel hip roof covered with corrugated iron, 
lighted by skylights and having a double wooden 
floor on wood Joist over a 7-ft. basement. 

The basement is used for the inlet and outlet 
wiring, and has a concrete floor. The main room 
abt»ve is 14 ft. high to the square and is provided 
with a traveling crane half the width of the room, 
over the machines. 

The station has at present two sets of machines 
with a room for a third. Eac'h set has a 30()-K-\V. 
General Klectrlc synchronous motor using current 
at 3,30<) volts, operating two generators directly 
connected to it on the same base, which sut)ply 
current for lighting at tl<) and 330 volts. The 
current for residence lighting is distributed direct 
from the Second St. station at 3.300 volts, and is 
stepped down by ordinary transformers used at 
each house. i • 

Fig. 17.— New Electric Power Station of Edison 

Electric Co., on Fourth St., Los Angeles. Cal. 

preparation of this article. The writer is also In¬ 
debted to Mr. .lohn 15. .Miller, treasurer, and Mr. 
H. 11. Sinclair fur courtesies *-xtended. and to 
Mr. H. O. Thaxter, Supt. of the K<llson Klectrlc 
(’o., of Kos Angeles,for Information furnished con¬ 
cerning the plant of that contpany. 

Switchboards in Power-House. 

Fig. 14). which consists of two complete boards, 
each one naving a line panel and three groups of 
line i)anels. with a connecting panel between so 
that the two sets of bus-bars may be thrown to¬ 
gether to make one complete board. Just to the 
right of this are the six fuses, one for each line 
wire. The fuse wins are No. 30. pure aluminum 
;$ ft. long. Kach passes through a wooden tube 
having switch contact at each end with the line 
wire, and provided with a screw socket at the cen¬ 
ter into which the wooden handle for removing 
them may be screwed. 

The current, at 3J{,000 volts. Is carried to la>s 
Angeles, a distance of slightly over 80 miles, by 
two 3-wire circuits, of No. 1 copper wire, arranged 
in the form of an isoceles triangle. The top cross- 
arm (Fig. 10) is r» ft. 1 In. long and the bottom 
(i ft. .S ins., with braces to the pole. The In¬ 
sulators are bell shaped, glazed porcelain, of extra 
large size, slightly over 0 ins., manufactured at 
Trenton, N. J., especially for this work. They are 
screwed onto a wooden pin which Is fastened to 
the cross-arm by a bolt passing through a cone- 
shaped porcelain sleeve 4 ins. above the cross- 
arm. The wires are spiral one-third of a revolu¬ 
tion every Hk poles on the south circuit, and one- 
third of a revolution on the north side in the op- 
(msite direction every 41 iKiles. The two-wire 
teleiihone line is carried by ordinary bracket in¬ 
sulators, .'i ft. below the main lines, and to prevent 
induction the wires are transjiosed vertically 
every fifth i>ole. The line has 44 poles to the mile, 
of white cedar, from 35 to 0.5 ft. high, with 8-ln. 
tops. It follows the Santa Ana canyon to Its 
mouth and then crosses the mesa to CYafton on 
the Southern Pacific Ry., a distance of over nine 
miles. From here It follows the railway com¬ 
pany’s right of way to Pasadena and Los Angeles. 
The line is built to withstand, in the language of 
the sui>erintendent of the company^ worse condi¬ 
tions than exist in the East, as for a large propor¬ 
tion of nights every year there are dense fogs 
nearly the whole distance, while the California 
cloud bursts are phenomenal, and the snows In 
the canyon are heavy enough at times to break 
down the line. 

During the writer’s visit to the power house, 
one wheel was started up with a 2%-in. nozzle 
and another with a 3l4-in. nuzzle, the latter being 
used to deliver current to the station at Los An¬ 
geles. The Lombard governor was connected to 
the main valve lever and as the load was applied 
in L.s .Angeles the lever was moved along by the 
governor, opening up the valve, but so perfect 

THE RELATIONS OP VELOCITY AND PRESSURE IN 

CENTRIFUGAL BLOWERS. 

P.y Alton D. Adams.* 

On page 513 of Kent’s "Mechanical Engineer’s 
Pocket Hook,” the following quotation is made 
from \V. 1’. Trowbridge (Trans. Am. Soc. M. E., 
Vol. VH., p. .5.’>)’>) "Hy Increasing the number of 
revedutions ( f (l.e-fan. the head or [iressure is In¬ 
creased, the law being that the total head pro- 
diu-ed is equal (in centrifugal fans) to twice the 
height due to the velocity of tlie extremities of the 

blades, or H aiiproximately in practice’ 

and later, on the same page, this i|Uotatiuti Is in¬ 
dorsed in the text. 

On page 514 of the ajtove book, tables of air 
pressure and velocity are given, calculated from 

the formula v \ 3 g h, by Henry I. Snell (Trans. 
Am. Soc. M. E., Vol. IX., p. 51). 

Matter has appeared from time to time in the 
tec'hnical press conforming to each of the above 
views, and as both cannot be correct a jtroof of 
the corre<‘t one will here be attempted. 

To investigate this .subject jiroperly the diff r- 
ence between static and dynamic- pressures In 
fluids should be held clearly in mind. Static pres¬ 
sures in fluids, due to their own w.»lght or applied 
pressure are exerted in all directions with the 
same intensity. Dynamic pressures are exerted 
by moving fluids against surfaces which check 
their velocity or change their direction, and have 
no c omponents lk)° from the line of flow. 

The relation l)etween static pressure and veloc¬ 
ity may be illustrtited by Fig. 1, In which a Jet, J, 
flows vertically upward frc>m an orifice to a height 
nearly equal to h. the head of water on the orifice, 
the difference being due to friction. 

Did the Jet reach the height h. It would have at 
the orifice a velocity equal to that acquired by 

falling through the height h or v = V 'J g h, and 
pressure P 

since h --  — the relation between vel- 
denslty d 

-View of Pole Line for 80-Mile Transmis¬ 
sion. 

The mains of this company are Edison tubes, 
which are fed through lead armored cable feeders, 
and are fused at the distributing boxes which are 
located in the 4x7-ft. manholes. The pressure 
wires are the ordinary rubber covered. 

The writer’s acknowledgments are due to Mr. 
Edward M. Boggs, civil and hydraulic engineer, 
who was chief engineer of the canal line and In 
charge o' ruction, to whom he is In- 

oclty and pressure becomes v 

'Box 1377, Boston. 
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(There Is a fallacy here In supposing that the 
formula h = P d Is general and applies to fall¬ 
ing or moving Iluids. In fact, it applies only to 
fluids at rest. We discuss this subject editorially 
elsewhere In this Issue.—Kd. Kng. News.) 

An exact demonstration can be had by consider¬ 
ing the work of a thin layer of water falling 
through the height, h, and the work represented by 
the same water moving with a velocity, v, at the 
orifice: let w be the weight of water delivered 
through the orifice per second, then wh represents 
the energy Imparted to water In falling through 
h; but the energy of water moving from the ori¬ 
fice, friction losses being disregarded, is repre- 

w V • 
seiiUd by-, v being the velocity per second. 

2 g 

Now, us the energy of the jet must be that ac¬ 
quired by falling through the height, h, 

w v’ 
w h *=-. 

2g 

V • P v * 

therefore, h ==-and — =-as before. 
2g d 2g 

The dynamic pressure of a jet of water, which 
follows the same law as air Is illustrated in 
I-lg. 2, where a jet flowing under a head, h, holds 
in position a plate at right angles to it over an 
orifice of equal size under a head of 2 h. If a 
slanting plate with faces at angles of UO” from the 
direction of jet be used as in Fig. 3, the dynamic 
pressure of the jet will just equal the head re¬ 
quired to produce the jet; a smaller angle will 
give less dynamic pressure. 

Fi9.3. 

Again, if the plate is so formed as to turn the 
jet parallel to it first direction, as in Fig. 4, the 
head of water supported by the plate will be four 
times that required to produce the jet; still 
again, in Fig. 5, the jet being again turned against 
the plate over orifice and then away parallel to the 
first direction, the head of water over the orifice 
may be eight times that required to produce the 
jet. 

Dynamic pressures may be produced in curved 
pipes, and follow the same laws as with open Jets. 

To find the true pressure head the tube should be 
inserted in the pipe or conduit at right angles to 
the line of flow, as at A, Fig. U, for if the tube is 
inclined In the direction of the flow, B, the dy¬ 
namic pressure increases the true head, while if 
inclined against the flow, C, dynamic pressure 
n akes the reading too small. 

From the above it is evident that a stream or Jet 
of air or water may produce dynamic pressures 
less, equal to or greater than the static pressure 
under which the jet moves, on surfaces properly 
placed, and no work will be done unless the veloc¬ 
ity of the jet is changed. 

The practical value of dynamic pressures and 
reactions is in their connection with moving sur¬ 
faces as In wind mills and w'ater wheels. Blowers 
are used for the purpose of moving air, and the 
t>re.ssure under w hich air moves through the blast 
wheel is the one of main interest. 

The dynamic pressure which a stream of air 

Fig. 5. 

moving at a given rate can produce against a 
fixed or moving surface in Its path is of little or 
no interest in the movement of air 
for purposes of heating and ventila¬ 
tion. 

('apacity of air to overcome fric¬ 
tion in pipes depends directly on the 
head or pressure under which It 
moves, and this head in case of a 
blower can be obtained from the for¬ 

mula V “ V 2 g h. 
in which V equals 
the velocity In 
feet per second 
of the blast w heel 
at its periphery, 
g = 32.1(i and h 
equals the height 
of air column 
corresponding to 
the pressure re- 

.piired. 

There are several ways in which it can be proved 
that’the above formula expresses the correct rela¬ 

tion between v and h. 
Air at ordinary temperature and 2,11« lbs. per 

sq. ft. pressure has been found by experiment to 
flow Into a vacuum at a velocity of 1,21>2 ft. per 

, , - 2,116 
second, and the formula v — 2 g gives 

.0807 

nearly the same result, .0807 being about the 

2,116 
weight of air per cubic foot, so that - = h, 

.0807 

hence from this case v = V 2 g h. 
As air leaves the periphery of the blast wheel it 

has equal velocity with the wheel, and the work 
done by the wheel on the weight, w,of air passing 

per second is 

w v‘ 

2 g 

the pressure of blower being 

p pounds per square foot, the area in square feet 
of orifice being a, and velocity in feet per second, 

V, then the woik rep- 
sented by, w, weight 
of air passing the 
orifice per second is 
p a V. Neglecting 
friction, the work 
done on, w, weight, 
of air by the blast 
wheel must equal the 
work on the same air 

Fig. 6. 

It the orifice, so that 
2 g 

= p a v; but taking n 

u-pie^ht of air tier cubic foot 

V* 

a V n-= p a V. Dividing by a v, there remains 

2g 

v* p v’ • 

the formula p = n-or — =-therefore, as 
2g n 2g 

p V* 

— = h, h =-, which represents the relation be- 

n 2 g 

tween head and velocity of air from blow era 
Why the dynamic pressure corresponding to H 

v* 
= —, against a surface at right angles to implng- 

g 

ing jet, has been selected in some quarters, to rep¬ 
resent head under which air moves, instead of one 
of the several other dynamic pressures a jet may 
produce, the writer has not been able to learn. 

EXPANSION JOINTS FOR RETAININO WALLS ON THE 

ST. CHARLES AIR UNE RY., CHICAGO. 

In carrying out the elevation of the tracks of the 
various railways entering Chicago, the method 
most commonly employed, as our readers will re¬ 
call from previous descriptions of the work In this 
journal. Is to carry the tracks on a raised em¬ 
bankment with masonry retaining walls at the 
sides, and cross the streets by steel bridges. In 

the work upon the St. Charles Air I.i .. py 

novel feature was introduced in the co ructlo* 
of the retaining walls, which is of mu' ■ntere'* 
to every engineer Interested In mas y 

struction. 

The work In question was carried out ,]er tl„* 
supervision of Mr. H. W\ Parkhurst, M ,n. So*,^ 
C. E., and Engineer of Bridges and Bur rg* tor 

the Illinois Central Railway Co. 

Comparative estimates were made of t; cost 
constructing elevated tracks on steel su, ■ istruc 
tures throughout, and of building then’ on em¬ 
bankments between retaining walls, with steel 
superstructure over the streets and all. ;< Th' 
latter plan was decided upon; and bids Ure ob^ 
talned for concrete, rubble and cut-stone n.^sonry 
It was found that the most favorable proposal wa-^ 
one making the street abutments of Itist-clasI 
masonry and the retaining walls of second-class 
coursed ashlar, backed with derreck rubble. The 
foundation masonry of concrete was already ir 
place, and a contract was finally made with Pat¬ 
erson & Co., of Chicago, for the character of work 
described, stone used was sandstone from 
Williamsport, Ind., and from the Bana quarries 
near Cleveland, O. This work has been completed’ 
and a recent personal Inspection by a member of 
the staff of this Journal shows It to be of excellent 
character, with little difference in the outward 
appearance of the first-class abutment work and 
the coursed ashlar second-class masonry, except 
that in the latter work wales were permitted on 
the face for handling with stone tongs. 

The novel feature in the retaining wall construc¬ 
tion above referred to is the cutting of the retain¬ 
ing wall, at about 100 ft. Intervals, by vertical 
joints extending to the foundation masonry. 
These joints extend entirely through the wall, and 
before the slag filling was put in place behind 
them, the back of the joint was calked with a 
yielding material to prevent the entrance of any 
stone or rubbish into the joint. Several important 
ends were served by this vertical division of the 
walls. In the first place, Mr. Parkhurst had db- 
served considerable expansion and contraction 
In sandstone masonry, between the extremes of 
heat and cold prevailing about Chicago, and this 
joint limited the effect of any such longitudinal 
variations upon the mortar joints and coping. 
Second, the foundation soil of Chicago is none too 
stable, and any local settlement would tend to 
be confined to one or two sections of the walls, 
without materially disturbing the masonry and 
joints. In the third place, and an important con¬ 
sideration, with the coursed ashlar used in th*' 
face work, this disposition permitted the builder 
to better select and use his stone; as it was not at 
all essential that the courses should be contin¬ 
uous In height over adjoining sections of the walls. 

To the best of our knowledge these vertical 
joints are a novelty In retainlng-w^all construc¬ 
tion; and while they In no way affect the stability 
or appearance of the wall, they have several de¬ 
cided advantages, as above outlined. 

THE SLOW SAND FILTRATION PLANT OF THE BER¬ 

WYN, PA., WATER CO.* 

By J. W. Dedoux.t * 

The American Pipe Manufacturing Co. has lately con¬ 

structed for the Berwyn Water Co., at the Piek-rlng 

(treek pumping station, a sand-fllter plant having a noni- 

inal capacity of 1,500,000 gallons per day. With the ex¬ 

ception of some outside earthwork, grading, sodding, and 

a floor in the gate-house, which were postponed on ac¬ 

count of the weather, the work was completed and the 

filtera put In operation about Jan. 1, 1899. 
Previous to that date the water was filtered through me¬ 

chanical filters of the Warren gravity type, having a nom¬ 

inal capacity of 750,000 gallons per day, and located In 

a building forming an extension of the main pumping sta¬ 

tion. The mechanical filters have always given satisfac¬ 

tion, and the water furnished by this company to their 

consumers along the main line of the Pennsylvania Rail¬ 

road from Glen Loch to Bryn Mawr is Justly celebrated 

for its uniform clearness and purity. The consumptloi 

of water from the Pickering Creek station is less than 

500,000 gallons per day; but having In mind future in¬ 

crease, and wishing to have the two best recognix- 1 8>8- 

tems of filtration for constant comparison, the Berwyn 

*Abstract of a paper read before the 
Philadelphia. Feb. 18. 1899. 

tChief Engineer, the American Pipe 
112 North Broad St., Phlladdphla. 

Engineer's Cinb of 

Manufacturing t.'o.. 
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Co. InsUlled the »and-niter plant, which, It Is 

1 has been designed and constructed according to 

i-odern practice. 
fsnd-fllters are built In three compartments, each 

.log ".SOO aq. ft. of effective Altering area, and ar- 

1 *0 that any one can be cut out or operated wasting 
.ter without Interfrelng with the others. About »>00 

the south of the Alters Is a masonry dam across 

mg Creek from which the water Aows down the 

ce to the pumping sUtlon. Opposite the center of 

iiter compartment Is located the screen chamber, 

t pipe and chamber. The top of the InAuent cham- 

on a level with the top of the sand. A vertical 

would pass through one loot of the sand, under an ef¬ 

fective head of 12 1ns of water. The average showed 

about tiO.isNi.ois) gallons per acre per day. The effective 

slie was 0.2."imni and the uniformity coefAclent 1.82 

Many samples of different qualities of bar sand and Jer¬ 

sey sand were examined before deciding on Gloucester 
white sand. An apparatus for determining the rate of 

percolation which Is nearly as good as the one used, and 

much cheaper, is made by placing In a cylindrical tin 

tube, three or more ins. In diameter and 2 ft. long, two 

bottoms about I In. apart. The upper bottom Is a brass 
cloth sieve, of No. mesh, soldered In place. Between 

the two bottoms a t4‘ln. nipple, to which is attached a 

Indicates the loss of head, la shown at a glance. The 

board is graduated in feet and inchaa from ocean tide as 

a datum. (The details of the regulating apparatus are 

shown by the accompanying Illustration.—Kd.) 

The indicators slide In vertical grooves and are at¬ 

tached to No. 2(1 copper wires which run over brass pul¬ 

leys. Attached to the other end of the wires are Aoats 

composed of 3-In. nipples capped at both ends. These 

work in Aoat pipes having ^-in. pipe connections with 

the water on Alter-beds, In effluent chambers, and In clear 

water basin. (The clear water basin Is close to the Alter 

beds, not covered, and has a capacity of about 1.2S4i.(SlU 
gallons.—Ed.) 

The sand-washing apparatus Is on the Jet principle. 

Sand scraped from the Alter-beds is shoveled or otherwise 

conveyed Into the Arst compartment. Into which also runs 

a stream of water. The Jet carries the sand up through 

the vertical pipe Into the second compartment, and tJie 

dirty water Aows over the top to a depression connected 

with the waste-pipe. In the same lu.Huuer the sand Is 

forced by Jets successively through all the compartments, 

and Anally through a pipe to the point where It will b« 
stored or back to the Alter-bed at will. The pressure on 

the Jet pipes is about 20 lbs. With ^-In. JeU three tons 

p< r hour can easily be washed clear with this apparaiur 
The actual cost of the whole work la as follows; 

Kilter Beds. 

<-—Cost,-, 
„ Per unit. Total. 
c,xcavation,(l,boU yds.gradg) .0,772 cu. yds. 0.24X #1,031 
Masonry; Stone (Alter uaslu). &2S.3- " 5.o4l 3,l»3i 

Brick (Alter basin). 2.4" “ U.IO 22 
Concrete (Alter basin)_ 304.0" " o.lOil l,hij 

Plastering forming guttera.2,432 sq. yus. U.242S 502 
Drain tile; 4-iu., in place... .3,200 llu. It.. o.Uuis 2Ui 

12-ln., collecting, in place 240 " " 0.054 101 
12-ln. ter. cotta cleau-oul drn 2h0 " " I.IOS ;(43 

C. 1. inlet and outlet pipes 2S1 " " l.oiil 442 
14-ln. c.-l. Alter discharge... 200 “ '* 2.101s 43S 
Puddle. 542 cu. yds. 0.700 3S5 
Gravel, In place,Alter bottom ooO.OO tons. 2.115 1,3S7 
Sand,in place in Alter bottom.2,000.S34 " 1.030 4,420 

■e'6'.-.- 

■/? tsT. Fihtr Effluent 

Indnatur 
fkxrt Tubes 

Indicator Float 
with 

Index Attachment. 
J Enlarged) 

Gate House. 

.Masonry; Stone . 07.2c. yds. 7.i 
Brick . 10.75 " 7.i 

Excavation* . 125.3 " O.l 
KooAng, woodwork and painting. 
12-ln. pipe, gaskets & boils.0,584 lbs. O.i 
Kegister and weir apparatus, in place.. 
0 to 12-in. valves, with boxes and hand wheels. 
Three Intake screens . 
Superlutenaence and engineering . 
Incidentals. 

tuBedNc.B 

Total 

'30 cu. yds. ruck and 05.3 cu. yds. earth, including back 

THE INFLUENCE OP THE SIZE OP TEST PIECE ON 

THE COMPRESSIVE STRENGTH OP CAST IKON. 

As many of our readers will remember, a com¬ 
mittee of the American Foundrymen s Associa¬ 
tion is conductiiiB an exhaustive series of experi¬ 
ments upon cast Iron as a basis upon which to for- 
muiate a set of standard specitlcations for test¬ 
ing cast iron. The committee consists of Dr. 
Kichard Moldenke, of the McConway Sl Torley 
Co., I’ittsburg, i'a., chairman, and Messrs. Thus. 
D. West, Sharpsvliie, Pa., James S. Stiriing, Wil¬ 
mington, Del., Jos. S. Seaman, Pittsburg, Pa., and 
J. S. McDonaid, Ailegheny, Pa. 

The committee has Just completed Us tests of 
Oast A, an ingot mold iron of soft Bessemer mix¬ 
ture. The lirj bars cast from this furnished iiTKi 
test pieces, and •J.SU separate tests. 

We are enabled to give herewith, through the 
courtesy of the committee, the results of the com¬ 
pression tests. The test-bars were all square 
bars, cast vertically in dry sand molds, and of 
sections varying from Vx-in- square to 4 ins. 
square, as shown by the table. From these test- 
bars were cut Vis-ln. cubes, the cut extending along 
a line at right angles to the sides of the test-bar. 
Thus, no cube retained a corner of the original 
test-bar except that which was cut from the V4- 
In. bar. The table makes clear that the metal 
cast in small molds is of much greater compres¬ 
sive strength than that cast In large molds. 

Gage Board Index 

(Enlarged) 
Autamalii 

Regukriing V.'-' r. 
lEnlaracd) 

REGULATING AND REGISTERING DEVICES.SLOW 
SAND FILTRATION PLANT, BERWYN, PA. 

J. W. Ledoux, Chief Enoineer, American Pipe 
Manufacturing Co. 

Vertlc0l Sect’on cf Regulating Chamber. 

s«H;tion through the Alter-beds shows 30 Ins. of sand, 6 

Ids. of gravel, 3 Ins. of conerete, and 8 ins. of puddle. 

The main drains are vltrlAed bell sewer-pipes 12 ins. in 

diameter, and laid with water-tight cement Joints. The 

laterals are ordinary terra cotta 4-in. tile drains without 

hells made in 12-tn. lengths and simply butted together. 

They are spaced (> ft. apart and kept from moving out 

of place laterally by meann of a handful of cement mortar 

plaod under each side of every length. 

The laterals are placed In depressions In the concrete 

so that there is over each about 4 ins. of gravel. The 

gravel was screened and washed, and graded from pea- 

size to IVk ins., the smallest sizes, of course, being placed 

on top. Just inside the masonry walls the main drains 

terminate in cast-iron pipe of the same diameters. The 

side walls and division walls are composed of rubble 

masonry, consisting of stone from a nearby quarry, and 

hydraulic cement mortar one to two. Outside of the ma¬ 

sonry retaining walls la the earth embankment, composed 

of material excavated from the enclosure, which also 

coutainrd suitable material for puddle. The gravel and 

sand were dredged from the Delaware River in the vi- 

cioity of Gloucester, N. J., towed in barges to a wharf on 

the Schuylkill near Race St., and from thence shipped via 

the Philadelphia & Reading Railroad to Phoenizville, 

from whence It was hauled by wagons to the site. The 

quality of sand was such that no washing or screening 

was required. The gravel had to be washed, screened and 

gradtd to the proper sixes. The sand was frequently 

tested, and proved very uniform in quality. One test was 

to determine the quantity of Altered water per acre that 

piece of rubber hose, is placed. In this tube is placed the 

required sand to a depth of 1 ft. The cylinder is then set 

under a spigot and the open end of the hose raised until 

the difference in level between top of cylinder and of hose 

is 1 fL The spigot is then opened, the water falling on a 

lip at top of cylinder so as not to disturb or agitate the 

surface of sand, and the rate of percolation may be meas¬ 

ured by means of a gallon measure held under end of 

tube, always being careful that spigot is opened wide 

enough so that a small amount of water constantly runs 

over the top of cylinder. 

Provision is made to secure a uniform rate of perco¬ 

lation through the Alter-beds. The regulating apparatus 

consists of a brass tube open at both ends and hanging to 

a Aoat which rises and falls with the water-level in the 

effluent chamber. The top of the tube may be considered 

a submerged circular oriAce or weir, whose distance from 

the Aoat is constant but adjustable. The Aoat and sliding 

tube are counterweighted as shown. As the sand bed be¬ 

comes clogged by sediment deposited thereon, the water- 

level in effluent chamber will lower, and thus increase the 

effective head, or difference in level between the water on 

Alters and in effluent chamber. When this difference be- 

comts 4 ft., the surface of the sand bed must be scraped. 

Ordinarily, this period, at normal rates, will be twenty 

or more days, which is the length of time betwet n scrap¬ 

ings. In the gate-house an indicator board Is provided 

having seven indicators, one for each Alter-bed, one lor 

each effluent chamber, and one for the clear water basin. 

The difference in level between the water on Alter-bed and 

that in the corresponding effluent chamber, which also 

Compression TesU of V4-In. Cubes of Ingot Mold Iron, 

Soft Bessemer Mixture. 

Approximate 
cross-section of 
test-bar from 

which cube was 
cut, ins. 

Vix V, 
1 X 1 
1.5 X 1.5 
1 X 2 
2.5 X 2.5 
3 X 3 
3.5 X 3.5 
4 X 4 

Crushing strength In lbs.-1 
—From edge-> 
Second Third Fourth 
Vi-ln. Vln. V4-IH. 

Middle First 
%.ln. %-ln. 
29,570 . 
20,010 21,990 
17,180 17,920 
13,810 13,750 
10,950 12,040 
9,830 11,200 
9,350 10,770 
9,100 10,340 

Jj 

1 1 

V 
a i 

— 
i 
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The actiun Anally taken by Congress In the clos- 

iiiK hours of the session with respect to the con* 

structlon of a trans-isthmian ship canal under 

control of the ITnited States, "Rs to insert in the 

Itlver and Harbor Hill the following sections: 

Am*^'i *■ '*'^*^ tbe President of the United States of 
America and he Is hereby, authorized and empowered 
to make full and complete InvestlRatlon of the Isthmus 
li. * vli'W to the conatrurtion of a canal by 
me Lulled States across the same to connect the Atlantic 
and Paclflc Oceana; that the President la authorized to 

, make iuveatlgattou of any and all practicable routes for 
I a canal across said Isthmus of Panama, and particularly 

tM inreatiKate the two routes known respectively as the 
Nicaraguan route and the Panama route, with a view to 
determining the most practicable and fr-asible route for 
such canal, together with the proximate and probable cost 
of I'onstructlng a canal at each of two or more of said 
routes; and the President Is further authorized to Investi¬ 
gate and ascertain what rights, privileges, and franchisee. 
If any, may be held and owned by any corporations, asso¬ 
ciations or Individuals, and what work. If any, has been 
dune by such corporations, associations or individuals in 
the construction of a canal at either or any of said routes, 
and particularly at the so-called Niorragua and Panama 
routes, respectively; and likewise to ascertain the cost of 
purcbaxlng all of the rights, privileges, and franchises 
held and owned by any such corporations, associations 
and individuals in any and all of such routes, particularly 
the said Nicaraguan route and the said Panama route; 
and likewise to ascertain the probable or proximate cost 
of constructing a suitable harbor at each of the termini 
of said canal, with the probable annual cost of malnten- 

I ance of said harbors, respectively; and, generally, the 
President is authorized to make such full and complete 
iiivesUgatiou as to determine the most ft-asible and prac- 

' ticable route across said Isthifiua for a canal, together 
with the cost of constructing same and placing the same 

I under the control, management and ownership of the 
United Slates. 

Sec. 4. To enable the President to make the investiga¬ 
tions and ascertainments herein provided for, he Is her^y 
authorized to employ in said service any of the engineers 
of the United States Army, at his discretion, and likewise 
to employ any englnsors In dvll Ilfs, at his discretion, and 
any other persons necessary to make such investigation, 

t and to flx the compensation of any and all of such engi¬ 
neers and other persona. 

i Sec. 6. For the purp*)8e of defraying the expenses nec¬ 
essary to be incurred in making the investigations herein 
provided for, there Is hereby appropriated out of any 
money In the Treasury not otherwise appropriated, the 
sum of fl.IZNi.diiO. or so much thereof as may be neces¬ 
sary to be disbursed by order of the PresidenL 

Sec. 6. That the President is hereby requested to report 
to Congress the results of such investigations, together 
with his recommendations in the premises. 

We believe this provision will commend Itself to 

the people of he United States as on the whole 

I a wise and junservatlve measure and one well cal¬ 

culated to carry out the undoubted public demand 

fur the construction of a ship canal under the con¬ 

trol of this government across the Central Ameri¬ 

can isthmus. There will be more or less disap¬ 

pointment, we presume, especially upon the Pa- 

ciAc Coast, that some bill providing for an imme¬ 

diate beginning of the work of construction was 

nut passed; but such disappointment really pro¬ 

ceeds from a misunderstanding of the status of 

the enterprise. So far as Nicaragua is concerned, 

the United States has at present no mure legal 

right to undertake canal building there than it 

would have to build a canal in France or Kussia. 

Further, while the detailed results of the work 

of the Walker Commission are not made public, 

enough is known to Justify the statement that 

much more extensive surveys and investigations 

must be made before the government could safely 

let. contracts for construction. We believe, there¬ 

fore, that if the phraseology of Section 3 is con¬ 

strued according to the evident intent of its fram¬ 

ers,* practically everything can be done for the 

furtherance of the canal enterprise during the 

nine months before Congress reassembles, that 

could have been done had the Hepburn bill been 

made a law. 

The responsibility for the next step toward a 

trans-isthmian canal now lies with President Mc¬ 

Kinley. Congress has committed to him the task 

of 8el(H-tlng from the engineering profession men 

of such great ability, broad experience, and abso¬ 

lute impartiality that the nation can safely be 

guided by their opinion and the results of their 

investigation in undertaking the greatest engi¬ 

neering work of modern times. The problems 

which these engineers will have to consider are 

us dlAlcult as have ever been presented to the 

profession. Both the Nicaragua and the Panama 

enterprises must be studied in all detail. On the 

former such dlAlcult propositions as the great 

Ochoa dam, the San Francisco basin embank¬ 

ments, and the Greytown Harbor, not to men¬ 

tion many others, must be given an exhaustive 

study; and a Anal decision concerning them must 

be made. The same thing applies at Panama to 

such matters as the proposed great water stor¬ 

age basins for controlling the Chagres Aoods, and 

the probable effect of the climate upon the labor 

supply and the cost of construction. 

It needs no argument to prove that for the solu¬ 

tion of all these questions the highest order of 

engineering ability which can be procured is de¬ 

manded. The President will fulAll the wishes of 

the country If he makes merit and Atness the sole 

criterlons in the selet'tion of the engineers to con¬ 

duct this work. 

As was to be expected, the cutting and trimming 

of the Army Bill to adjust the differences of opin¬ 

ion in the two houses of Congress, and, unfortu¬ 

nately, to serve the personal ends of individual 

members, has resulted in a piece of makeshift leg¬ 

islation, full of defects which i>romise to make 

plenty of trouble In the future. As It was Anally 

passed, with the Gorman amendment reducing the 

army in ISMJl to its former limits of size, it throws 

all promotion into confusion and exposes many of 

the promoted oAlcers, long In service, to the dan¬ 

ger of being thrown out of the army entirely on 

that date. The bill corrects none of the evils of 

permanent staff appointments, so vigorously de¬ 

nounced by Senator Pr(x;tor, and leaves this de¬ 

partment oi)en as before to all the dangers of po¬ 

litical InAuence, which may and does place young 

officers in life positions above the heads of others 

superior In rank and better qualiAed to perform 

the duties of the office. The bill itself contains evi¬ 

dence of special legislation, and political pull, in 

one clause which applies only to two officers in 

the army, and was evidently inserted by Senator 

Allen for the beneAt of these two men alone. This 

clause Innocently enough provides that: 

Any officer now in the army who was graduated at the 
head of his class at the U. S. Military Academy, and who 

•Whoever drafted Section 3 was apparently under the 
Impression that Nicaragua was upon the Isthmus of Pan¬ 
ama, whereas, by the usual Interpretation, the Isthmus is 
not considered to extend beyond the borders of Costa 
Rica. As the Isthmus boundaries ai^ geographical and 
not political, however, and as the context makes the in¬ 
tent clear, there will be no question, we presume, that 
both projects are to be investigated upon the same footing. 

is not now in the Corps of Engineers, may be appoint..] to 
the Corps of Bnglueers with the same grade and dni« ot 
commission that he would have if be had beeu a; ’-.lutcd 
to the Corps of Engineers on graduation. 

As pointed out by General Wilson, the C f of 

Engineers, in a letter to the Secretary of War, 

this would promote Captain Williams u\> i the 

heads of eight majors, and nearly all the ca; tains 

of the corps, and would Jump Capt. Rogers l>.niie, 

of the Ordnance Department, over the hea of 

thirteen majors and all of the captains <.. the 

C'orps of Engineers. Judging by the len,;,:, of 

the "Jump” alone, these men have long be. . ,,ut 

of touch with the technical duties of the I'ot of 

Engineers, are wholly unAtted to perfon the 

duties of an officer in that corps, and the . tion 

proposed is a gross injustice to those wh.» ii.ive 

laboriously and patiently passed through ali the 

service and training necessary to make et1i. lent 

officers and are now subjected to the dang, r of 

losing a step in promotion that rightfully Ix-ioiig.s 

to them. These favored men may be a.. ,,ii|. 

pushed officers in their particular branch of the 

service, but it is very safe to say that thej are 

not experienced engineers; and consequently h.tw 

no legal or moral right to the promotion wln. h 

this special legislation would give them. Tlie re¬ 

ported threat of Senator Allen, to Alibuster to le- 

feat the passage of the bill, if his amendment ^^ere 

not accepted, only makes the Iniquity of the pro¬ 

posed action more apparent. As the ainendineiit 

reads "may be promoted,” we sincerely trust that 

the letter of General Wilson may so inAuene.' the 

President that no action will be taken. 

We present to our readers in this issue a full .ie- 

scrlptlon of the longeat electric power transmis- 

aion line in the world, that of the Southern ('ali- 

fornia Power Co. Water power is developed from 

mountain streams east of San Bernardino, and 

drives Impulse wheels under a head of over 7ini 

ft. These are directly connected to three-iiha.se 

alternating current generators, which deliver i ur- 

rent at 750 volts to air-cooled transfonner.s which 

are arranged to raise the potential to %i,00() volts. 

The present capacity of the station is 4,(Nmi m*.. 

but this can be increased to (i,(K10 HP. or more 

when the demand warrants the installation of u.l- 

ditional machinery. The transmission from the 

fKJwer station to Los Angeles, a distance of a little 

over SU miles, is over six No. 1 copper wires (about 

!l-.TJ-ln. diameter), and it is of much intere.st to 

inquire what loss in current (and con.sequently in 

power) will occur In this long line transmission 

and also in the entire plant from the water ati- 

plled to the wheels to the Anal application of the 

current for light or power in Los Angeles. 

We are not Informed as to the exact arrange¬ 
ment of the connections between the generatois. 

transformers, line wires, etc., but assuming the 

arrangement to be such that the full conductivity 

of the line wires will be used to the best advan¬ 

tage, our computations show a loss of only about 

-^4% when the plant is operating at one-fourth 

the full load, or 1,(H)() HP. When the plant is 

operating at its full capacity, or 4,(JU0 HP., this 

loss is increased to about 8.t»%. Of course, these 

are merely approximate Agures based on the line 

rtsistancit, approximate Impiedence, and current 

alone, and it is quite likely that unequal loading 

of the wires, leakage from the line, etc., may 

somewhat increase the above Agures in actual 

practice. 

Let us next compute the probable efficiency of 

the entire plant, making use of the Agures already- 

obtained for loss in the line. We have assumed the 

percentages of eflleiency of the several elements in 

the generation and transmission of the power as 

follows: 

,-Per cent.-- 
Item. Efficiency. Net power 

Impulze wheel . 
Three-phase generator . 
Step-up transformer . 
SU-mile line (assumed avg. loading! 
Step-down transformers . 
City line . 
Lighting transformer . 

The above applies to the alternating current dis 

tributed directly from the Los Angeles sub-station 

at 2,200 volts pressure for residence lighting. -4 

part of this 2,2(X)-volt current, however, is taken 

to another station where It drives a synchronous 

motor (NJnnected to a dlrect-curren* low-tension 

70 
03 
or> 
02 
05 
00 
03 

05 1 
01.8 
,50.8 
5;t9 
51 8 
48 2 
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rator. We may follow the emdenclea 

fhrouKh ihl* chain also as follows: 
,-Per cent.-> 

Item. . _ EfflcUncy. Net^ower. 
gWp.do»D tr*niform«» .......... ^ ^ 
ijne between »uo eiauun*.... , ea o 
Synohr^-ous motor ^ 

“;*^riuTe . ^ 
We have assun^d a rather low efficiency for the 

water-wheels In the above computation, since the 

eth. l i>f governing under the very high head 

*"*^(1 is n-i essarlly by deflecting the nozzle from 

*h*^ wh- el. All the efficiencies are assumed to rep- 

Ivletit average conditions of loading. It will be 

i^n that the line loss will decrease as the load Is 

On the other hand, the percentage of 

efficiency of the other elements In the trans¬ 

mission will fall off somewhat when they are 

workeJ at less than their rated economical ca- 

jty It will also be noticed that we have taken 

no account of the power used In driving the ex¬ 

citer d>:iamos. and the blowers for cooling the 

transformers. On the whole, therefore. It is safe 

to con. lule that the electrical current finally de¬ 

livered to the consumer In Lios Angeles represents 

not more than 4«>% to 50% of the power In the 

power originally available in the water at the 

power station. 

It will be noticed, however, that the line loss is a 

very small proportion of the total. In fact, the 

figures of efficiency given above are about as good 

as can be expected in any power transmission sys¬ 

tem where the voltage is high enough to make 

neces.sary the use of both step-up and step-down 

transformers. 

The Increased demand for Iron and steel has at 

last brought the long-expected and feared rise of 

prices, which now has all the appearance of a 

-boom ” similar to the one which the trade experi¬ 

enced In the latter half of 1871*. The following 

list, from "The Iron Age.” shows a comparison 

(if prices at the three dates given; 

March Peb. March 
2. 1898. 1. '99. 2. '99. 

FouDdry pig, No. 2. Phila.. ..$10.50 $11.75 $13.50 
Betsemcr pig. Pittsburg... .. 10..VI 11.00 13.50 
Gnjr forge, Pittsburg. .. 8.90 10.00 12.50 
Steel billets, Pittsburg ... .. 1.V25 17.25 22.00 
.Steel rails, beavy, Elastern .. 18.00 19.00 23.00 
Old steel rails. Phila. .. 10.50 11.50 12.75 
Old Iron rails, Phila. .. 1‘2.50 13..’i0 l.'ctIO 
Reflued iron bars (cts. per lb.) .. 1.0714 1.20 1.‘25 
Steel bars, Pittsburg . .. 0.95 1.05 1.25 
Tank plates. Pittsburg .... .. 0.9714 1.40 1.60 
Beams, Piitsburg. .. 1.15 1.30 1.40 
Sheets, No. 27, Pittsburg.. .. 1.90 1.95 2.10 
Wire nails. Pittsburg. .. 1.50 1 85 
Tin plate, domestic, lOU lbs. , N. Y. 2.90 3.44 3.69 

The rise in prices does not mean, as may be sup¬ 

posed. great profits to the Iron and steel manu¬ 

facturers. Most of them have enough orders 

taken at the low prices which prevailed during 

the whole of last year to run their mills for six 

months or more; and are not in shape to accept 

the orders for prompt delivery at the present 

(luoted prices. If they Increase the rate of driv¬ 

ing I’lr blow In additional blast furnaces, they are 

confronted with the scarcity and high prices of 

such ores as are not already contracted for. There 

are likely to be exciting times in the trade dur¬ 

ing the next month or two, and there is no telling 

ho* high prices may yet go. One thing is to be 

expected, however, and this Is that after prices 

reach their maximum point, whether this hap- 

pi-ns a month or six months hence, there will be a 

sudden drop, and at some time, either next year 

or within two or three years, the prices of ISIW 

will prevail again. 

All the metals, as well as Iron, have advanced 

far bi-yond the prices of last year. "The Iron 

Age ” figures are as follows: 

Copper. New York .. 
^pHter. St. Loais ... 
be»4 New York_ 
fin. .New York. 
AEUmonjr New York 
•Mekel New York .. 

March Feb. March 
2. 1808. 1. ’99. 1. '99. 

...$11.87^4 $17.00 $17 75 

... 3.9R 5.40 6.«I0 

... 3.70 4.«> 4.30 

... 14.20 2>.00 24.00 

... 7.60 9.00 10.00 

... 33.00 38.00 .38.(a) 

THE PRESSURE DUE TO VELOCITY OF CENTRIFUGAL 

FANS AND PUMPS. 

The (luestion “What is the correct formula to 

expre.r<i the relation between the velocity of the tips 

of the tdades of a centrifugal fan or pump and 

the oidzlmum pressure resulting from such veloc- 

•itT” la uDe that Is frequently raised. It is brought 

to our attentisn now by the paper of Mr. Alton D. 

Adams, which we publish In another column. 

The quest! m is of Interest especially from the 

fact that technical writers continually differ as to 

whether the head due to the tangential velocity of 

the blades of a centrifugal fan Is v’ -h 2 g. or 

v’ -i- g. Most of the text books do not treat of 

this precise question, and It is a rather difficult 

question to 8<jlve by Inferences drawn from the 

general formula of the relation of velocity to head, 

V = V 2 g h, and from the laws of Impact of tluid 

streams. It is no wonder, therefore, that Mr. 

Snell’s formula, mentioned by Mr. Adams, and the 

tables derived therefrom, published twelve years 

ago, met with no criticism In the somewhat ex¬ 

tensive discussion of his paper before the Ameri¬ 

can Society of Mee-haolr'al Kngineers, or that no 

one. So far as we know, ever pointed out their 

erner in any text book or other publication. Prof. 

R. Carpenter, of (’ornell I’niverslty, however, 

at the recent meeting of the Amerh-an Society of 

Heating and Ventilating Kngineers. in a conver¬ 

sation on the subject, stated that he had'found 

their error, and Mr. Kent said that he would cor¬ 

rect them in the next edition of his ■'Pocket 

Book." 

The statements made on p. ."»ld of Kent's “Pocket 

Book.” to the effect that the correct theoretical 

formula for the relation of pressure to the velocity 

of the fa.n blades should be derived from v - V g K 

and not from v = V - g h are correct. Mr. Snell's 

formula, quoted on p. 514, is in error, and Mr. 

Adams is also in error In his conclusion that the 

correct formula is v ~ V 2 g h, as we hope to make 

clear below. 

The first proof that the pressure produced by the 

fan blades is greater than that due to the velocity, 

v’ 

or greater than h =-, is obtained from Buckle's 

2 g 

experiments, in 1847, quoted by Kent. p. 5i:{. 

These experiments give 0.fil7 v* g, which Is 

1.234 times the head due to the velocity. Buckle's 

experiments are confirmed by Pn(f. Caipenter, 

who. In his paper on “Investigations of a Bhjwing 

Fan,” read at the meeting of the Heating and 

Ventilating Engineers (F-ng. News Feb. 2). said; 

I have found by a comparison of Buckle's formula as 
above with actual tests that the maximum pressure which 
is produced by a given peripheral velocity is greater than 
that stated by Buckle by an amount which varies In dif¬ 
ferent conditions from 1 to 15%. 

A head l.'i% greater than that given by Buckle's 

formula, would be 1.15 x l.*234 = 1,418 times the 

"head due to the velocity,” or 1.418 (v' -f- 2 g). 

Prof. Carpenter alwt says; 

The maximum pressure which may be produced is the 
only one which can be considered as positively depending 
upon the peripheral velocity, since the actual pressure 
in any given case depends very largely upon the resist¬ 
ances to a free discharge corresponding in the case of the 
experiments cited to the area of outlet. The more freely 
the air is discharged, or in other words the less resistance, 
the less the pressure that will be produced by the fans. 
Buckle’s formula, however, is usually a safe one to em¬ 
ploy, since the pressure given by it is leas than can be 
realized in practice, provided the resistance to the flow 
of air is at a maximum. 

That the correct theoretical formula for maxi¬ 

mum head or pressure produced by a fan Is h = 

V* -f- g. and not v^ -r- 2 g. may be shown as fol¬ 

lows: 

I..et W lbs. of air be taken from rest and ex¬ 

pelled from the fan case at a constant velocity of 

V ft. per secynJ. The work done In simply giving 

1 W 
velocity to this air -s-v’. The momentum of 

2 g 

W 

W lbs. moving at velocity v is - v, and If this 

g 

velocity Is acquired In one second, the momen¬ 

tum is numerically equal to the constant force or 

pressure producing it, = F. This force represents 

the pressure exerted by the fan upon the air and 

the reaction of the air upon the fan. The product 

of this force into the distance through which It 

moves in a oecond at the uniform velocity of v ft. 

per second is the work done per second, = F v = 

W 

- v’, or twice the work done in simply giving 

g 
velocity to W lbs. of air. The pressure F Is, there- 

1 W 
fore, twice that required to do the work-v’, 

2 g 

or twice the ’’pressure due to the velocity” as 

calculated from the formula h = v’ -i- 2 g. 

Let us Interpret more closely the meaning of the 

above formula F v = W v’ -r- g. The force, F, Is 

the constant force exerted by, or the resistance 

overcome by a fan blade or a piston moving a 

quantity of air at a constant velocity v for one 

second. The distance moved by the fan blade 

and by the air In one second = si = v. The or¬ 

dinary formula for the energy of a falling body Is 

F s = % W v' ; g. In which v' : 2 g = h, the 

distance through which the body falls to acquire 

the vehH-hy v. Also v = g t. In which t Is the 

time of fall. If t = 1 second, v = g. Since in 

falling bodies F, the force, = \V, the weight, the 

formula F s = 14 W v’ :■ g, gives s = Vj v' g. 

and when t = 1 sewnd, v = g, and s -• i-j v. 

That is, the distance fallen in 1 second equals half 

the velo<lty acquired at the end of the second 

In this ca.se the velocity Is not uniform, but In- 

crea.ses during the ®econd from O to v. with the 

constant rate of acceleration g ft. per second 

The case of the falling body, with a gradually 

increasin.g velocity. Is. therefore, quite different 

from that of the fan blade, which moves the air 

in front of it with a uniform vehx'lty. In which 

latter case si = v, as shown above. For the fan 

w« have F v = F si = W v’ ; g. and for the fall¬ 

ing body, F s = F V = *.{1 W v’ -t- g. The distance 

s pa.ssed through by the falling body is one-half 

of the distance passed through by the fan blade. 

C>r Si = 2 s, when the time In both cases Is 1 

second. 

Also, since F si = W v’ g for the fan, and F s 

— Vi W v’ g for the falling body, we find that 

the constant force, F, acting on a falling body for 

1 second will do only half the work that the same 

force, F, exerted steadily by a fan will do on the 

air, and, therefore, since v and v' ;- 2 g are the 

same In both formulas, the weight of air moved 

by the fan Is twice the weight of the falling body. 

Perhaps this may be made still more clear by 

considering the case of a falling body of water. 

Supoose we have a tank 10.1 ft. = i/j g ft. high, 

full of water, and take 1 cu. ft. = 0*2.4 lbs. out of 

the tup of the tank, and let it drop outside of the 

tank. It will fall with a gradually Increasing 

Vil jclty, reaching the level of the bottom of the 

tank in 1 second, the acquired velocity t>eing g = 

32.’2 ft. per second. The acting force equals the 

weight of the water. = F = IJ2 4 lbs. The work 

done in 1 second = F h = tKi.d x Iti.l ft.-lbs., = 

Vi W v’ H- g. Now, Instead of removing the water 

in this way, let a hole be cut in the side of the 

tank ItS.l ft. below the water level, of an area of 

1 V- Itl.l sq. ft., and let the hole temp(jrarily b.- 

closed by a plate. The pressure exerted on the 

plate is that due to the head of Kl. 1 ft. of water, 

and Its total amount is 1 If].I x 1(1.1 x (12.4 

(12.4 lbs., the weight of 1 cu. ft. of water. We now 

have the same force, F, exerted to push the plate 

away that was exerted to cause the fall of the 

1 cu. ft. of water. We now remove the plate and 

the water flows through the opening with a the(»- 

retltal vel(x;lty (no allowance being made for th»- 

contracted vein or for friction), due to the l^ead 

of water, of v = V 2 g h = 32.2 ft., the same veloc¬ 

ity which was acquired by the falling water after 

it had fallen 1*1.1 ft. The quantity of water that 

will fiow in 1 second will be the product of the 

area of the hole by the velocity = 1 -f- 1(1.1 x 3‘2.2 = 

2 cu. ft. per second, or just twice as much as was 

removed by letting the water fall freely through 

the air. The energy of the flowing water Is 

Vi W V’ -h K = Vj X 2 X (12.4 X 32.’2" ^ :t2.2 = (12.4 

X S2.2, or twice the energy acquired by the water 

let fall from the top of the tank. Twice as much 

water flows, and twice as much work is done. How 

can we explain this, since the force F seems to be 

thesameln each case? In the first place we note that 

the water flows from the hole with the uniform 

vel )clty V = 32.2 ft. per sec<jnd, while in the case 

of the falling water this velocity was only acquired 

at the end of the recond. and the mean velocity 

was only v. Let us apply the equation of mo¬ 

mentum, FT = MV = Wv-:-g, T being 1 sec¬ 

ond, F — Wv-!-g, = 2x «2.4 X 32.2 32.2 = 

128.4 lbs., or twice the force exerted by gravity 

upon the plate before it was removed from the 

hole. This means that the instant the plate was 

removed from the hole, the static force, F, or 62.4 

lbs., which leaded to push the plate outwards, 
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and which waa due to the fluid pressure ot the 
head of Ifl.l ft. of water, was replaced by an im- 
pelllns force 2 P, or 128.4 lbs., pushing the water 
out of the hole. 

tilnce itcUon anJ reaction are equal, if there is a 
tori’B of 128.4 lbs. pushing the water out of the 
hole, there must be an equal reaction somewhere 
in the tank, acting In an opposite direction. That 
this reaction exists is proved expermentall/, as 
shown in Weistach, V'ol. I., Coxe’s Translation, p. 
1004. Weistach proves theoretically that “the re¬ 
action of a horizontal stream is equal to the weight 
of a column of water whose cross-section is that 
of the stream, and whose height is double that due 
to the velocity.” The experiment quoted showed 
that with an oiiflce the shape of the contracted 
vein the reaction was equal to the weight of a 
column of water 1.77 times the height due to the 
velocity. 

When a quantity of air is taken from rest by 
means of a fan blade, and given a certain pressure 
and a certain velocity of discharge, there are two 
separate kinds of work done, as follows: 

IM 
W s weight of air put in motion in 1 second. 
V = velocity in ft. per second, 
d =3 density of air lbs. per cu. ft., = U.08. 
p 33 pressure of the air against which the weight 

W is moved in lbs. per sq. ft., = h d. 
li 3= head of air in ft. = p d. 
A 33 area of oriflce in sq. ft. 
g = acceleration due to gravity. 
y = volume of air in cubic feet. = W d. 

W = A V d =3 Q d. 
Work of putting W ibs. of air in motion = W v’ 

2 g. 
Work of moving W lbs., or A v cu. ft. against a 

resistance of p lbs. per sq. ft. = A v p. 
Total work of putting air in motion and of moving 

it against the resistance = W v“ 2 g + 

A V p. 
Hut A V 33 w -t- d, and p == h d. therefore, A v p 

= W h, =3 W v’ -t- 2 g. if h = V* 2 g. 

The total work is, therefore, 2 x W v* -4- 2 g, or 
twice the work done in simply giving motion to 

the air. 
hizactly the same ’masoning applies to centrifu¬ 

gal pumps, by simply substituting U2.4 lbs., the 
weight per cubic foot of water, in place of 0.08 
lb., the weight per cubic foot of air. 

Suppose we have a horizontal cylinder of 1 cu. 
ft. capacity opening Into the bottom of a large 
tank which is fllled with water to the height of 
1G.1 ft., or ^ g ft. above the axis of the cylinder. 
A piston moving at an exceedingly slow speed 
from the outer end of the cylinder, pushing the 
water into the tank, would have to overcome the 
resistance of KLl ft head, and it would do work 
equal to the product of the volume passed through 
by the piston, in cu. ft. by the pressure per sq. ft., 
or to the product of the weight of water moved by 
the head, or 62.4 lbs. x 10.1 ft This work we may 
call the "pressure work.” Let it now be required 
to push the water into the tank at a lineal speed 
of 32.2 ft., or g ft, per second. The piston will 
now meet an increased resistance due to the ad¬ 
ditional work of giving velocity to the water. This 
extra resistance is equivalent to the head due to the 
velocity, or h = V* -f- 2 g, = 16.1 ft., and the work 
due to the velocity alone. Independent of the “pres¬ 
sure work,” is Yi v* -r- g, = 62.4 x 16.1 ft.-lbs., 
an amount exactly equal to and additional to the 

pressure work. 
Referring now to the discussion in the paper of 

Mr. Adams: His treatment of the subject of im¬ 
pulse of flowing strums, as illustrated in his 
drawings, is quite correct. The fallacy in his ar¬ 
gument to show that the theoretical formula for 
pressure due to velocity in the case of centrifugal 
apparatus is that he assumes that because the 
work done in giving velocity to the air is equal to 
the work of expelling it against the head corre- 

T* 

spending to that velocity; that is. h =-, there- 
2g 

fore these two works are one and the same, and, 
therefore, the formula h = v’ -i- 2 g. is established. 
The fact is that these are two entirely different 
and separate works, only happening to be nu¬ 
merically equal to each other, and they should be 
added together to get the total work done. 

The formula v = \' 2 g h is often erroneously 
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used as the true theoretical formula for a Pitot 

tube. The correct formula would be v = V g~& 
if the fluid striking the opening were diverted in 
a plane at right angles to the axis of the stream, 
as shown in Fig. 2 in Mr. Adams's paper. In prac¬ 

tice the formula v = V 2 g h is often found nearly 
correct, but this is due to the fact that some of 
the energy of the stream striking the oriflce is 
used up by friction or is diverted in some other 
direction at right angles to the axis of the stream. 
The actual relation of v to h varies with different 
shapes and sizes of openings and other conditions. 

The formula that should be used is v 3= c V g~h7 

in which V g h is the theoretical value of v, and c 
is an experimental coefllclent. 

LETTERS TO THE EDITOR. 

Ice Obstractisi zl the PIsat of the Niafsra Foils 

Hydraslic Power aad Maonfacturiag Co. 
Sir: 1 notice on the first page of Engineering News of 

March 2 an Item which was firat published by the “Buffalo 

Commercial” in regard to our plant. The first part of this 

item la correct, down to the point where you aay that our 

power house was pracllcally shut down, and proceed to 

give reasons for it. Both of the statements as to the 

water hacking up in the tail-race, and the penstock 

freeslng, are totally untrue. There la no basis of truth In 

them. Nothing of the sort happened. We were at first 

inclined to think that the Item In question which appeared 

in the “Commercial” was simply the vagary of a re¬ 

porter, but it has been circulated so persistently that it 

almost looks as though there was malice at the bottom ot 

it. To anyone acquainted with our plant, the idea that 

any such thing could happen is very ridiculous. 

Truly yours, W. C. Johnson, Engineer. 

Niagara Falls, N. T., March 1, 18b9. 

Fiadiog the Ceatcr of a Qroap of Shota. 
Sir: Keferring to the editorial comment under the bead¬ 

ing, “Finding the Center of a Group ot Shots,” in the 

Engineering News of March 2, p. 138, the center ob¬ 

tained by the method given in the issue ot Feb. 2 is called 

the "ceuter of least string measurement.” The group ot 

shots which gives the least value ot the sum of the dis¬ 

tances ot the several shots from this center is said to be 

the best (each ot the groups compared containing the same 

number of shots). 

The distance spoken of between this center and the 

center of the target simply affords a measure of the 

amount the sights ot the rifie are out ot adjustment tor the 

prevailing conditions, subject to a correction (or personal 

equation. 

The center which should be used as a point from which 

to measure the distances to the several shots is the center 

of gravity of the group, as shown by “E. E. W.” in the 

same issue. Yours respectfully, 

R. F. Bennett. 

li)3 Warren Ave., Boston, Mass., March 2, 18UU. 

The Schlicht Process of Combostlon. 
Sir: It was with some surprise that I read your article 

on the Schlicht process ot combustion in your issue ot Feb. 

10, 1809, in view of the tact that a device similar to that 

shown in Fig. 1 of your article has been in successful 

operation during the past month at the residence ot Mr. 

A. R. Brink, ot this city. 

This residence is heated by a combination hot water and 

hot air heater placed in the cellar. At the time that I 

examined the operation ot thia process the temperature 

outside was 25° below zero, while inside I found the house 

evenly and comfortably warmed from cellar to garret 

The fuel used in the heater was soft coal, but Mr. Brink 

stated that without the device mentioned be had not been 
able to use soft coal successfully during extremely cold 

weather. 

I examined the heater and found the temperature ot the 

water to be 150°, while all the doors and drafts were 

tightly closed so that the only way in which air could have 

reached the fire was through the top of the chimney. 

In your article you seem to assert that the combustion 

products and the air cannot travel the same passages in 

opposite directions, but it they cannot, will you kindly 

explain how combustion could have been produced In the 

case which I have described. Very truly yours, 

L. P. Wolff. 
Red Wing, Minn., Feb. 25, 1899. 

(We have not questioned the possibility that 
two air currents may travel in opposite directions 
in a flue for some distance, provided the velocity 
is low enough; and in the case cited by our cor¬ 
respondent, it is quite likely that enough air went 
down the sides of the chimney to suffice, with the 
air which leaked in through the smokepipe Joints, 
ashpit doors and other crevices, for the combus¬ 
tion I - the coal. Tnere are very many house¬ 
heating furnace.s, and for that matter many 
steam boiler plants, where the present arrange- 
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raent of drafts, etc., is so wasteful and 
that almost any change would be an imp 
Mr. Schlicht is correct In 11 liming tha 
the air used for combustion by the was^ 
the chimney gases should produce a sa 
we are ipciined to bei.eve that where 1 
has shown successful results, as in 
quoted above, it has been chiefly due 
<‘auses than the actual heating of a cun 
descending the sides of the chimney, wh.l 
gases are passing up the center. , It w 
very nice thing if the air would go dow 
mixing with the furnace gases passing 4,; 
posite direction and abstract heat from them 

Its way; but we have never seen any air .irrents 
sufficiently intelligent to behave that way. in this 
connection a letter published in our contemporary 
“Power,” for March, is of Interest, and .ve quote 
from it as follows:—Ed.) 

This procew was tried at the Low Service puirniie 
tlon, Brookline Water-Works. West RoxbSry. Pmh,* 
Hus., under the personal supervision of the^ 
The average evaporaUon per pound of wet coal irum “1“ 
and at 130 lbs. for eleven days preceding th. ii s^alla'r a 
of the apparatus was 10.27 lbs.; tor the eleven “ay" 
the apparatus in use, the evaporaUon was lot; ihr 
same apparatus has been tried at the United States 11 ,“1 
in Boston, and at the plant of R. H. White k tV.il 
been rejected in both Instances. *’’■ 
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Notea aod Queries. 

In the letter entitled “Engineering Notes in Southern 
Calllornla” in Engineering News of Feb. 2 hsiw the 
valuation ot $826.W0 placed by the board of engineer! 
upon the plant of the Los Angeles water works shou'J 
have been sUted as not Including, instead of includine 

10% for engineering, supervision and conUngeucts 

A SIMPLE DEVICE FOR HOLDING A STEEL TAPE FOR 

CLEANING. 

The accompanying sketch shows a simple and 
inexpensive device (or holding a steel tape in a 
convenient position for cleaning when, as is fre¬ 
quently the case, that troublesome but necessary 
task has to be performed by a single person. As 
every engineer knows, steel tapes will, with the 
best of care, get rusty and when they are rusty 
about the only successful way to clean them sat¬ 
isfactorily is to scour them with oil and emery 
With two persons, one to hold the tape while the 
other does the scouring, the task is a compara¬ 
tively simple one, but where It has to be per¬ 
formed by one person It develops peculiar and 
exasperating annoyances of its own, as every one 
w ho has undertaken it knows. It is here that the 
value of the “grip” which we Illustrate comes in 
This “grip” is made from %-ln. or -^-in. wood 
and can be fastened to the side of a door, or win 

Sketch Showing Device for Holding a Steel Tape 
While It Is Being Cleaned. 

dow recess, or other place convenient for opera¬ 
tion. As will be seen from the sketch, the cir¬ 
cular block is fastened with a screw which is 
placed eccentric to the center of the block so that 
when the block is in the position shown by the 
broken lines the tape slides freely, but is held 
fast when the block is in the position shown by 
the full lines. The knowledge of this simple de¬ 
vice has been furnished to us by a correspondent 
who vouches for its convenience, but denies all 
claims to having been its Inventor. We pass the 
information along (or the sake of the peace of 
mind of those unfortunate ones of the field party 
upon whom falls the task of keeping Its outfit of 

steel tapes In clean worldng 

/ 
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In one case noted by the writer a "nominal” ca¬ 
pacity was also given In addition to a “maximum" 
and a “minimum” “economical” capacity, and It 
amounted on an average to 5.(1 times the mini¬ 
mum quantity. The horse-power required Is usu¬ 
ally given per foot or lift for a certain stated ca¬ 
pacity. 

In the installation of any pump a prime factor 
to be considered Is the length and nature of the 
pipe through which flow Is to be maintained, as 
this will determine the velocity of flow allowable 
without excessive loss in economy which results 
from high velocities In pipes of considerable length 
or frequent sharp bends. 

Present status of the centrifugal pump. 

By Henry P. Jones. M. E. 

i-i:ig the writer’s experience in engineering 
; connectid with the installation of centrlfu- 

unips for various purposes the fact has fre- 
Uy been evident that the centrifugal pump 

gnrded w 1th more or less mystery by the aver- 
purcbaser, due, perhaps, to the variable char- 
[ of the data and Information published by 
-ent manufacturers and also possibly to the 
;re of the technical literature upon the subject, 
iiich the discrepancy between theoretical cal- 
tions and results of actual practice Is usu- 

given prominence. 

paclty. The efficiency line is even, and the high¬ 
est velocity is 12.25 ft. per second In case of the 
5-ln. pump. The average excess of maximum ca¬ 
pacity over minimum capacity Is about 33%, vary¬ 
ing from 40% to 20%, the latter occurring In case 
of the 5-ln. pump. The velocities would, of course, 
be Increased by the same per cent, in discharg¬ 
ing the maximum quantity. 

No. 3. A single “rated” capacity for each slse 
of pump and the corresponding horse-power re¬ 
quired per foot of lift are stated. The efficiency 
is lowest for the 3-ln. and 4-ln. pumps, being 
about 38%, and reaches the highest point fur the 
10-in., 12-in. and 15-ln. pumps, being about 51%. 
The velocity reaches the highest point for the G-in. 
and 15-in. pumps; being 0.08 ft. per second. 

No. 4. A maximum and minimum “economical" 
capacity for each size of pump and the corre¬ 
sponding horse-power required per foot of lift for 
the minimum “economical" capacity are stated. 
The efficiency and velocity lines are, therefore, 
plotted for the minimum quantity. It will be noted 
that the efficiency line runs from about 28Vo for 
the IVz-in. pump to about 43% for the 2-ln. pump. 

The low velocity line shows that the maximum 
“economical” capacity, which exceeds the mini¬ 
mum “economical” capacity by an average of 
4(5.5%, would not produce an excessive velocity; 
but a “nominal” capacity is also given, averaging 
5.G times the minimum “economical” capacity, 
which would give an excessive velocity. 

No. 5. A maximum and minimum capacity for 
each size of pump and the corresponding horse¬ 
power required per foot of lift for each case are 
stated, therefore efficiency and velocity lines are 
plotted for both maximum and minimum quanti¬ 
ties. It will be noted that both efficiency lines 
show great irregularity, running from 51.(5% to 
7G.4% to 4G.2% for the minimum capacity, in case 
of the l(/^-in., 2-in. and 3-in. pumps, respectively, 
similar irregularities occurring in the efficiency 
line for the maximum capacity. 

The velocities are generally excessive, the lowest 
being in case of the IVi-in. pump discharging the 
minimum quantity, when it is 13.G1 ft. per second; 
for the maximum quantity it runs the same as In 
the No. 1 pumps. No. 1 reaching 31.1(2 ft. per sec- 
ong for the 4-ln. pump. 

No. G. A single economical capacity for each size 
of pump and the corresponding horse-power re¬ 
quired per foot of lift are stated. The efficiency 
line is irregular, dropping to about 32',i for the 
2-in. pump and reaching 4S(.5% for the 5-in. pump. 
The highest velocity Is 13.G1 ft. per second for the 
(5-in. pump. 

. Diam.of Pump Dracharge, inches. 

FIG. 1.—EFFICIENCIES OF CENTRIFUGAL PUMPS, ACCORDING TO 
MAKERS’ CATALOGUES. 

In constructing the accompanying diagrams 
similar conditions have been adhered to in all 
cases, in order that a fair comparison should re¬ 
sult, and water has been assumed as the liquid 
handled and all velocities have been taken at the 
discharge orifice of pump. 

The efficiencies are plotted for each size of the 
eight different styles of pumps, and they repre¬ 
sent the ratio of the actual water HP. per foot of 
lift, for the stated capacity, to the HP. stated as 
required per foot of lift for that capacity. 

The velocities of discharge for the different 
pumps are shown in the diagram of velocities by 
lines bearing numbers corresponding to pump 
numbers on the efficiency diagram. 

The different makes of pumps, numbered from 1 
to 8, may be briefly described as follows: 

It is not the purpose in tnis article to enter upon 
a discussion of the merits of the various types of 
centrifugal pumps, nor is It Intended to discuss at 
length the calculations necessary In their design; 
but a study and comparison of collected data is 
< ertainly Interesting and may be of value. 

In the opinion of the writer, centrifugal pumps 
may be divided Into two general classes, one class 
consisting of those pumps, usually of large size, 
specially designed for certain conditions of service 
in connection with Important work. They require 
experience and skill In their design and construc¬ 
tion, and with close attention to the actual condi¬ 
tions to be met, a comparatively high efficiency 
may be attained; it being, of course, understood 
that these actual conditions of service are within 
the limits of the field In which centrifugal pumps 
are economically adaptable. 

The remaining class of pumps is the class which 
will be discussed In this article, and it may bo gen¬ 
erally stated tc include all those pumps to be 
found in the market as a "commercial article,” not 
built for particular conditions, but being of the 
nature of a compromise In design, to meet varying 
conditions and intended to satisfy a general de¬ 
mand from contractors and others. 

The centrifugal pump lends Itself so readily to 
the conditions to be met in dredging and to the 
handling. In suspension, of various solids, that 
many are used for such purposes; but owing to 
the number of important factors to be considered 
in connection with such work, a discussion of 
"dredging” or "sand pumps” will be deferred un¬ 
til a future time. 

The prospective buyer of a centrifugal pump Is 
at once confronted by various catalogues and cir¬ 
culars setting forth certain data to aid In the se¬ 
lection of a pump. The accompanying diagrams 
are the result of a study of such data, eight dif¬ 
ferent styles of pumps being represented, the said 
pumps being the product of six different manu¬ 
facturers. 

Centrifugal pumps are usually designated as to 
.lize, by the diameter of discharge at pump, and 
the capacity is stated in gallons per minute, an 
' economical” capacity usually being given. The 
"economical” capacity. In some instances, is stated 
as varying from a "minimum” to a "maximum,” 
the maximum quantity exceeding the minimum 
quantity by an average of from 33% to 46%, 
though the difference is In some cases as great as 
itw%. 

Diameter of Pump Dischofrge, Inchee. 
VELOCITIES OF DISCHARGE OF CENTRIFUGAL PUMPS. AC 

CORDING TO MAKERS’ CATALOGUES. 

No. 1. A single capacity for each size of pump 
and the corresponding horse-power required per 
foot of lift are stated. While the efficiency line 
is fairly even it will be noted that the velocities 
are excessive, reaching a maximum of 31.92 ft. per 
second in case of the 4-in. pump. 

No. 2. A maximum and minimum capacity for 
each size of pump and the corresponding horse¬ 
power required per foot of lift for the minimum ca¬ 
pacity are stated. The efficiency and velocity 
lines are therefore plotted for the minimum ca-' 

No. 7. A maximum and minimum "economical” 
capacity for each size of pump and the corresfiund- 
ing horse-power required per foot of lift for the 
inaxiinuni "economical” capacity are stated, there¬ 
fore, the efficiency and velocity lines are plotted 
for the “maximum” "economical” capacity. The 
efficiency line is even, after passing the 4-ln. 
pump. The velocity line is fairly low, going above 
lU ft. per second only in case of the 10-in. pump, 
when it reaches 12.25 ft. per second. The minimum 
“economical” capacity averages 36% less than the 
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maximum "eounumlcal** capacity and velocities 

lower by that amount would resuit. A “maximum 

capacity" is also given, averaging 3.2 times the 

minimum “economical" capacity. 

No. K. A single “economical” capacity for each 

Hixe of pump and the corresponding horse-power 

required per foot of lift are stated. The efficiency 

line is irregular, dropping from 55.7% for the 5-in. 

pump to 42.7% for the 12-ln. pump, reaching its 

highest point, U3.it% for the 3U-in. pump. The ve- 

liM'lty line is lowest for the 15-in. pump, being 

Us.si* ft. |»er second, and highest for the 24-In. 

pump, i»elng 12.77 ft. i>er second. 

It Is a very general practice to use discharge and 

suction pipes of larger diameter than the dis¬ 

charge and suction oritl<-es of the pump, and it will 

l»e seen from an Inspection of the above data that, 

on account of the high velocities, such an ar¬ 

rangement-would In many cases be Imperative, If 

ihe |*ercentage of applied power actually effective 

in lifting water Is to be kept within reasonable 

limits. 

Some manufacturers recommend a certain ve¬ 

locity of Mow for all sizes of pli>e and base the 

"economical" capacities of the different sizes of 

pumps upon this one velocity. A diagram is given 

and the quantity discharged. If the power ap¬ 

plied at the pump shaft be given as the Indicated 

horse-power of the engine or other motor, it is ob¬ 

vious that the efficiency of the engine or motor it¬ 

self and also the loss due to friction, velocity 

head and other sources in the installation are com¬ 

bined with the efficiency of the pump to give the 

resultant efficiency. Therefore, when it is stated 

that a centrifugal pump will give a certain effi¬ 

ciency it must be remembered that such a state¬ 

ment can be made Inteiligentiy only when the 

conditions of installation are known and have been 

given careful consideration. 

in the case of reciprocating pumps, sufficient 

imi>ortant dimensions are usually given, so that 

by making due allowance for tightness of pistons 

and valves and for friction, slip, etc., the prob¬ 

able efficiency may be calculated. In case of the 

centrifugal pump a different problem Is presented. 

Kven if data relating to the different designs were 

published it is doubtful if calculations would lead 

to reliable results and the purchaser is therefore 

obliged to rely upon the conservatism of the man¬ 

ufacturer, whose statements as to efficiency must 

l>e accepted. 

The economy of a centrifugal pump is known to 

be greatest under conditions of low lifts and 

large c-apacities, and guarantees of ecctnomy in 

<-ase of lifts of from, say 75 to liX) ft. and guaran¬ 

tees of efficiencies above OO'/t, except, perhaps, in 

case of specially designed pumps, should be well 

investigated before receiving serious considera¬ 

tion. It is probable that in actual practice the ma¬ 

jority of centrifugal pumps give an efficiency of 

not more than 50%. 

The question of speed at which a centrifugal 

pump should run is dependent upon the total head 

to be (tumped against, including friction, velocity 

head and other resistances in the installation, and 

A table of speeds recommended for differ, 

heads is usually given, the diameters of the pu 

“disks” however not being stated. From a knu 

edge of the diameters of the disks in certain cl 

the writer is able to state that the tabula 

speeds exceeded the theoretical speeds for g,, 

heads by an average of about »»%, that beine 

amount allowed for slip, etc., in the pump, thoi 

In some cases the recommended speed fell con. 

erably below this per cent. 

On account of the ease with which a centrlfu 

pump may be direct-connected by coupling t,. 

engine or other efficient motor and on account 

the resulting economy in apace and the eliminat 

of loss of power due to the slipping of a belt, w h 

is often excessive on account of the expose] ; 

frequently damp location of the pump, such an 

rangement is to be strongly recommended w | 

first cost or other conditions are not prohibitiv. 

A HEAVY QEARED LOCOMOTIVE. 

The use of geared locomotives is quite common 

on short steep-grade mountain lines, sometimes 

f<»r passenger traffic, but mainly for lumber ami 

ore traffic, and we illustrate a large geared engine 

recently built for the St. Paul & Ta< oma Lumber 

Ct)., of Tacoma, Wash. The line on which it run- 

Si?* of 

Loss of Power in Pipes of Different Sizes, 

with the Same Velocity of Flow. 

which has been plotted from the following as¬ 

sumed conditions, and It shows the results which 

follow this method. The actual length of pipe was 

assumed in all ca.He8 at KMi ft. The velocity of 

rtow assumed was 10 ft. per Be<ond. The corre- 

s(H>ndlng velm ity head is included in the calcula¬ 

tions, but "entry” head, bends and minor sources 

of loss are omitted as not affecting the diagrams 

so fur as (»uri>oses of com|>arison are concerned. 

The "erfectlve” head is assumed t«» l>e 30 ft., the 

term “efre<'tive hea*!" meaning the actual height 

the water Is to l>e elevated. 

It will be seen from the diagram that under 

these similar conditions of pipe length, velocity 

ami “effective” head, the tH)wer consumed In over¬ 

coming friction an<l velocity head varies greatly 

in Ihe different sizes of |>ii»e; an amount equal to 

about S7'; of the (lower actually required to lift 

the water being <-onsumed in <‘a8e <»f the Ibj-in. 

pipe; 25.7% in case of the »i-ln. pl(ie and about N% 

in case of the 4S-in. (>lpe. 

It is, therefore, evident that, if It is desired to fix 

u(ion a certain econoinl<‘al (lercentage of the total 

a(i|ilied (xiwer as a reasonable loss to be allowed 

for in overcoming friction and velocity head, the 

said fixed (lercentage to be ada(itable to the dlf- 

ferc'iit sizes of (il(K*a, the velcM-lty of flow must 

vary in thesedifferent sizes of pities and a uniform 

veloelfy for all sizes cannot be rec'ommended. 

For a stated length and size of (il|ie and stated 

veUu-ity of Mow Ihe amount of total ap(ilied (xiwer 

lost in overcoming friction and vebmity head, 

measured In (lercentage of the (lower actually re¬ 

quired to lift the water will vary Inversely as the 

•■cITcH'tive” head. 

For exanqile, the diagram shows that for a ti-in. 

|ii(ie and an “c'ffeclive" head of lUl ft., an amount 

equal to 25.7% is ^•onsumed, then for an “effective” 

head of 4h ft. the amount consumed would be 

alsiut lh.3'7. 

TIte meaning of the term “efficiency" as ap()lied 

to a centrifugal punqi is frequently indefinite. The 

efficienc y of the (lunip itself wnuld be represented 

by the ratio of the actual water horsepower meas¬ 

ured at the (lunqi disc harge, to the horsefsiwer ap- 

(ilh“d at the |ium|i shaft, the conditions to require 

no suction lift. If suction and discharge piping Is 

included and the pump is to discharge at a certain 

elevation, the efficiency becomes that of the in¬ 

stallation. being the ratio of the actual water 

hcirse-(Hiwer to the horse-power applied at the 

|ium(i shaft, the actual water horse-power being 

50-TON SHAY GEARED LOCOMOTIVE FOR THE ST. PAUL & TACOMA LUMBER CO. 
Lima Locomotive <&, Machine Co., Builders. 

is of standard gage, with grades of 4 and tl%, and 

7h“ curves, the engine being able to haul a train 

load of KM! tons up the 6% grades. 

The engine is of the Shay type, having vertical 

inverted cylinders on one side of the firebox, driv¬ 

ing a line shaft with bevel pinions which gear 
with bevel spur wheels attached to the face of 

the wheels. There are 12 w'heels, and all the axles 

are driven by the gearing. The wheels are ranged 
In three swiveling trucks, one under the boiler 

barrel, one under the rear tank and coal bunker, 

and one under the tender. Kach truck has a shaft 

carried in bearings secured to the truck frame, 

these shafts being connected with the crank shaft 

by intermediate shafts and universal couplings, 
thus allowing for the vertical and swiveling mo¬ 

tion of the trucks. 

The engine was built by the Lima Locomotive 
& Machine Co., of Lima, O., and we are Indebted 
to that com(>any for photographs and particulars 

The general dimensions are given below, in our 

standard form. 

Dimensions of Shay Oeared Locomotive. 

Running Gear: 

Driving wheels (12), diameter. 
Driving wheel centers, cast iron; Tires 
How are driving-wheel tires secured?.. 
Journals, driving axles . 

u|ion the alltiwance to be made for slip, etc., in the 

|ium(> itself. The theoretical (leripheral speed of 

the revolving “disk,” in feet (ler second which is 

required to overcome the total head is equal to 

.5.1174 times the square root of the total head, 

stated in feet. To this sfieed must be added a cer¬ 

tain amount necessary to overcome the above- 

mentionetl sli(i, etc., of the pum(), and this amount 

will de(iend u(Hin the design of the pump and can 

he found only by trial. 

The question is often asked “how high can a 

centrifugal pum(i actually raise water?” and while 

a definite answer cannot be given without making 

the ex(>eriment, yet it may be stated in general 

that water will cease to How from the discharge 

plt>e when the height of the discharge is such that 

the static pressure of the column of water con¬ 

tained therein balances the greatest pressure ob¬ 

tainable in the pump, excessive slip preventing 

further How. The pump is assumed to be located 

at the source of supply, otherwise the suction lift 

would, of course, further diminish the height pos¬ 

sible. If the construction of the pump be suffi¬ 

ciently strong to allow the disk to continue to re¬ 

volve under these conditions, the work done by 

it will be expended in raising the temi)erature of 

the water contained in the pump casing. 
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V- «>lba8<*—DriTjng (each truck). 
Total, engine and tender . 

y. ■ ght in Working Order: 
cotal. engine and tender. 
Crgine. empty . 
Water In boiler . 

('};ir.<ifr»—Number . 
I’lameter and atroke . 
‘ -ossbead and guldts. .Turned croaabead. 

.. 4 ft. 4 ins. 

. ..15 “ 8 •• 

. .ILS.40I) lbs. 

.. IM.ilOO •• 

.. 4,800 •• 

.Three 

.. 12 X 12 ins. 
bored guides 

\Hlve (lesr-Type .Link 

> rtf. steam... X 10 ins; Ports, exhaust. .114 x 10 Ins. 
lirKlaes. width.. 4i-in.; Eccentrics, throw.2 “ 

I hie valves.balanced: Mixlmum travel.2 “ 
“ Inside lap, none; Outside lap.Il-.'t2 
" lead (full forward gear and full 

‘ackward gear) . 1-32 “ 

d. .!• r-Type .Wagon top 
Karrel, diam. Inside smallest ring.3 ft. !I14 ins. 
I'hnie. diam.2 “ 0 
TT.irkness, barn I plates and smokcbox tube- 

plate . 7-lti “ 
Horizontal seams and circumferential seams. 

Double riveted 
I.lints.lap; Rivets, diam.4k-in. 
Height from rail to center line.0 ft. 2 ina. 
H. ngth of smokebox (including extension)..! “ 8^ “ 
Spark arresting device.Diamond stack with netting 
Ii jtetors, two .No. 7 Monitor 

Kiretiox; 
Length inside. .0 ft. 114 ins; Width inside ... .3 ft. 0 ins. 
Working steam pressure.150 to 100 lbs. 
mpth at front .5 “ 3 " 
i'epth at back, above grates, at both ends. 

4 ft. 7 11-10 “ 
Thickness, side plates and back plate.5-10 ** 

crown plate, H-ln.; Tube plate.7-10 “ 
Crown stays .Flat bars and braces 
(irate bars.Rocker, with plate 
Firebrick. 

At sides and backs, covering grates for burning wood 
Slav bolts (solid); diameter, %-iD-: pitch.4 1ns. 
Water spaces, width at front, back and sides.3 “ 

Tubes.Charcoal Iron; Number .12t) 
Thickness. ..No. 13W. Q.; Pitch .2 0-10 ins. 
Hiameter, outside .2 “ 
Length over tube plates.9 ft. 0 " 
Total area of tube openings.;^28 sq. ft. 

Heating Surface and Grate Area: 
Heating surface, tubes (interior area)..5.50.23 sq. ft. 

“ firebox.125..59 “ “ 
•• •• total.07.5.82 “ •• 

(irate area . 21.55 “ “ 
Ratio of total beating surface to grate area.31.05 
Ratio of Interior tube area to firebox heat. surf. .018 
Sq. ft. of total heat. surf, to 1 cu. ft. of cyl. vol.287..50 
Sq. ft. of box heat. surf, to 1 cu. ft. of cyl. vol. .53.40 
Sq. ft. of tube heat. surf, to 1 cu. ft. of cyl. vol.234.10 
Sq. ft. of grate area to 1 cu. ft. of cyl. vol. 9.08 

Miscellaneous: 
Rxhaust nozzle (single), diameter.314 ins. 
Exht. nozzle, distance below center line of boiler.12% “ 
Smokestack, diam. at top, 40 ins.; diam. at base. 12 “ 

height above smokebox. 4 ft. 0 “ 
“ height of top above rail.12 '* 9 “ 

Capacity of tender tank.2,000 gallons 
coal space .8,000 lbs. 

Brake fittings .Lima steam brake 
Tractive force per lb. of effective pressure on piston. 179 
Total tractive force with effective pressure equal 

to 85'7o of boiler pressure .24.:i44 
Total adhesive tractive power at 14 of weight on _ 

driving wheels .2.5.(N)0 
Ratio of tractive force to weight on driving wheels.0.2431 

Hearing: 
Pinions . 
Spur wheels .... 
Ratio of gearing 

19 teeth, 2 Ins. pitch 
.42 •• 2 •• 
.2.2105 

NOTES ON THE OPERATION OF A LIGHT MINERAL 

RAILROAD* 

By James Douglas,t M. Am. Inst. M. E. 

As the operation of light railroads Is Important to the 

mining industry, the following statistics of the Arizona 

Southeastern R. R. may be of interest; 
When the traffic of the Bisbee copper-mines reached 

20,000 tons per year the necessity of better transportation 

than that afforded by eighteen and twenty-horse and 

mule teams became imperative on the score of both cheap¬ 

ness and convenience. Before deciding on the construc¬ 

tion of a railroad, the Copper Queen Co. made a thorough 

experiment In transportation with the traction-engine. 

A compound engine made by John Fowler & Co. was im¬ 

ported. having cylinders 9*4 and 1114 Ins. In diameter 
and 12-in. stroke, constructed to run under a pressure of 

140 lbs., and possessing a tank capacity of 220 gallons. It 

was put on the road between Fairbank and Bisbee, a 

distance of about 30 miles, with long grades of 10%. It 

soon became apparent that this engine was utterly unsuit¬ 

able for long-distance haulage in an arid region. It 

could plow its way with difficulty through sand, but after 

ihe lightest rain its wheels revolved and It became ut¬ 

terly powerless on a muddy road. If a rain-storm occurred 

on a clayey stretch of ground the engine came imme¬ 

diately to a standstill. In order, therefore, to secure reg¬ 

ular service in all weathers, a bard road-bed was essen¬ 

tial. Although the machine was splendidly built, repairs 

were of course more frequently needed than on an engine 

running smoothly upon rails, and therefore It could not 

be used without liability to serious delays at a distance 

from a machine shop. The water supply for such an en¬ 

gine in an arid region also presents considerable compli- 

I ation. Under favorable conditions, however, it hauls 

very much more economically than animal teams. For 

*A paper read at the Buffalo meeting of the American 
Institute of Mining Engineers. 

Ill CUB St., New York city. 

some months it picked up the coke-loads of two 18-mule 

teams (the gross weight of loads and wagons being about 

20 tons), hauled them over the Mule Mountain toll-road, 

up long 10% grades, and returned dally over the same 

grades with a load of copper, making a total distance of 

18 miles. The same engine is now hauling 30 tons of 

ore daily. In two trips, from a mine three miles distant 

from Globe, over a hard, rolling mountain-road, at a coat, 

for labor, fuel and oil, of 27 cts. per ton. 

The general use of traction-engines having been aban¬ 

doned, a railroad to the Copper Queen mine was decided 

upon, and two routes from Fairbank to Bisbee (a dis¬ 

tance in a straight line of under 30 miles, but. on a de¬ 

flected line around the south of the Mute Mountain pass, 

of 37 miles) were surveyed. The shorter line with heavy 

grades and narrow-gage track was located over the Mule 

Pass mountain, following substantially the route of the 

toll-road. The longer line for standard-gage, with 2 .5% 

maximum grades, was selected. One motive for adopting 

the longer and more expensive line and the standard-gage 

was to avoid the transfer of fuel at the Junction, and 

thus escape the heavy loss In coke Involved by every 

handling, especially when using the friable product of 

the Colorado ovens. 

As a 40-ton locomotive would haul the estimated amount 

of freight, namely. 30.(¥)(( tons annually, in one train 

daily, and as a 40-lb. rail was considered heavy enough 

to carry safely a locomotive of that size, drawing cars 

loaded up to the maximum capacity of even (iOOOt) lbs., 

it was decided to adopt a 40-lb. rail. The rails were made 

at the Joliet works of the Illinois Steel Co. 

The first section of the road. ;?9.3 miles in length, was 

built from Fairbank to Bisbee in 1887. This was ex 

tended to Benson on the Southern Pacific in the summer 

of 1895. Most of the rails, therefore, have been in use 

for ten years. The road runs with easy grades for 30 

miles up the valley of the San Pedro, and then commences 

to climb up long 2.5% grades. There are 98 curv( s of an 

aggregate length of 10.2 miles, the maximum being 12'’. 

Of the 55.3 miles of road there are 45.1 miles of straight 

track and 10.2 miles of curves. There are 38 1 miles of 
ascending grade, 10 miles of descending grade, and only 

7.2 miles of a level road-bed. The road is therefore exceed¬ 

ingly trying on both track and locomotives, and conse¬ 

quently the 40-lb. rails have been put to a severe test. 

The work they have done is shown in the following table: 

Weight and Work of Engines. 

Year 1 - Mileaire , 
ending loaded empty Total Weight of 

June 30. cars. cars. tonnage. engines, tons 
■89... 34..547 •24.934 17.018 39-28 
•Ik*. .. 95,943 4.3,.5.39 32,934 .39-28 
■91... 98.1*24 40,088 .31,3.39 39-28 
•irj... 73.5,30 48.474 .32,.345 .39-‘28 
•93. .. 79.703 .50.022 32.470 39-28 
■1*4... 80.989 .59,982 .38.014 39-‘28 
•95... 138.194 108.110 48.425 .•t9-.5‘2-‘28 
•99... ‘218.5.39 1.52.185 ft5.905 :W-.V2-2S 
•97... •24.5.119 188.7.T3 83.9.59 ;t9-5‘2-2S-42 
■98. .. •J93.344 1.59.395 84,739 39-52-28-42 

Total. .1.‘2t55.499 872.129 499,848 

The rails have now been taken up and are being relall 

on an extension where light service will be required of 

them. Only five have broken during the ten years of use, 

and to-day they are In perfect condition—neither surface- 

bent. nor kinked, nor buckled. Only the outside rails 

which were laid on heavy curves are somewhat worn. The 

fish-plates and bolts were often found broken, especially 

In the winter, when expansion and contraction are ex¬ 

cessive, owing to the extraordinary diurnal variation of 

temperature, which often exceeds 00*. 

Of course, the preservation of the rails has been secured 

only by laying them on a well-made gravel and clay 

road-bed, and bestowing more than ordinary care on the 

maintenance of the same. Two section-gangs are em¬ 

ployed on the 55 miles. The rails were laid on split red¬ 

wood ties «x« Ins. by 8 ft., 2.940 to the mile. These have 

been cut Into by the rails, but show no signs of decay, 

and, except those on the heavy curves, can be turned over 

and are good for many years more of light traffic. We 

are, however, laying our new rails on redwood ties with 

Servls tie-plates Interposed. 
Of the four engines used on the light rails, varying in 

weight from 59 to 32 tons, one. No. 3. is a Baldwin com 

pound engine with four pairs of driving-wheels, a single 

wheel-truck and 13-ft. 7-in. wheel-base. The high- 

pressure cylinder is 12 x 24 Ins. and the low-pressure, 

20 X 24 ins. The engine weighs, when In working order, 

195,000 lbs., and the weight on the driving-wheels Is 89,- 

800 lbs. It has done with equal ease at least ".0% more 

work than No. 2, a single-expansion Mogul engine, with 

a single truek and four drivers on a 14-ft. 2-In. wheel¬ 

base, the cylinders being 19x24 ins., and the weight of 

the engine, in working order, 79.000 lbs. But extra 

wear and tear, and the longer period of Idleness in the 

shops, more than compensate for the economy in fuel. 

In the arid district, where the road is of necessity almost 

always dusty, and where sand-storms are frequent, loco¬ 

motives with the fewest wearing-parts are to be preferred. 

An objection which we encountered with light rails, when 

using heavy rolling-stock, was, of course, the unduly 

rapid cutting of the tires of the driving-wheels. 

The change from 40 to 90-lb. rails was incident to In¬ 

creased traflic. On the 2.5% grades a locomotive of safe 

weight could haul only five cars, carrying an average load 

and a passenger coach, or the tonnage on which wc com¬ 

menced operations, of about 30,000 tons a year To 

handle, therefore, the Increased tonnage Indicated In the 

above table, three engines and three train-ganga were 

kept In almost constant service, and the operating ex¬ 

penses were reduced, through the larger business, only In 

the Item of maintenance of way. 

Economy, therefore, lay in the substitution of heavier 

rails and heavier locomotives, and a train which would 

do substantially all the work with one crew. The point of 

interest which 1 think worth recording is the amount of 

work done by the lighter rails, and the adaptability, 

therefore, of a rail of that weight to branch-roads of mod 

crate traffic. It must he confessed, however, that to day. 

with the wonderful diminution In the cost of rails, the In¬ 

ducement to economize in that item of constrm tion Is not 

so great as formerly. 

REPORT OF THE NEW JERSEY RIVER POLLUTION 

COMMISSION. 

In August, ISHS, the (lovernfir of New Jersey 

appointed a commission of eight members t;> con¬ 

sider means for the jirevention of stream poliu- 

tion. This action was taken und(*r a statute 

passed by the legislature the jireceding Atiril. The 

commissioners were to receive salaries of $1,000 a 

year, and were authorizeil to employ n(*c(‘s.<a'.v 

engineering, legal and clerical assistant'c, the cost 

to be assessed upon the commiuiities lienefited. 

The provisions of the act ndating to the raising 

of funds proved inoperative. The commission, 

consequently, has been greatly hampered ami ap¬ 

parently has concluded that a smaller body, work¬ 

ing under a different plan, coubl do more effective 

work. It bas therefore submitted a reftort to the 

legislature in which it strongly urges the n(*ed for 

immediate steps to regulate the discharge of sew¬ 

age into the streams of the state, and the creation 

of a state sewerage board of three members to 

whom all (dans for new sewerage systems would 

be submitted and wbicb would supervise the 

operation of all sewage purification works. 

The commission points out that the lower Pas¬ 

saic River is in greater need of attention than 

any other stream in the state. In fact, it was 

the pollution of this stream that led to the a|i- 

pointment of the commission, which, by the way. 

is the third one that has had the Tiiatter under 

consideration since I.SIM!. This |»art of the sub¬ 

ject is reviewed and discussed by the commis¬ 

sion as follows; 

ProviquR Experietup. 

The Ruhjpot of river pollution and ts-tter methods of 

sewage disposal first came before the Legislature at the 

session of 1899. The Passaie River, from the Great Falls 

at Paterson to Newark Bay, reeeives the sewage of the 

cities of Paterson, Passaie. Orange and Newark; of the 

towns of Montclair. Bloomfield. East Orange; of parts of 

Rutherford, Kearney, Harrison and East Newark, besides 

some other drainage. A population of 4:{9,42.3 (ernsus of 

18a5) resides In the drainage district, and the discharge 

of the sewage Into the river at that time was estimated to 

be about 70,000,(100 gallons a day. The lower river, which 

has been abandoned as a source of water supply on ac¬ 

count of the pollution, Irecamp so foul that In a period of 

drought in the summer of 1895. the stench from It. 

throughhut Its length, was such as to make it a nuisance 

and to imperil public health. In consequence of the com¬ 

plaints a commission of three was appointed by Governor 

Griggs, under authority of the I.,eglRlaturp. to examine 

into the pollution of the Passaic and suggest a remedy 

The members of that commission, Messrs. Marsh. Herold 
and Hunt, are also members of the present body. They 

reported in February, 1897, and presented an act for leg¬ 

islative consideration. They had the advice of eminent 

engineers (A Fteley, M. Am. Soc. C. E , of New York, and 

Chas. Jacobsen, since deceased, of Newark.—Ed.) and able 

counsel, and while the time wan limited and the investi¬ 

gation was not as complete as they desired, they were con¬ 

vinced that the Passaic River pollution wag a nuisance 

which required prompt remedy. They recommended the 

construction of a trunk sewer, draining the sewage of 

the district from Paterson to Newark, to discharge for the 

present Into Newark Bay, the sewer to be further extended 

to lower New York Bay If found necessary In time, and 

the sewage to be subjected to treatment for the removal 

of solids, if objection arose before an extension was prac- 

ticable. Under the law then proposed, the whole question 

was to be considered anew, and finally decided by a per¬ 

manent commission to be appointed by the Governor. 

A sp(K-lal message of the Governor, Hon. John W. 

Hrlggs, was sent to the Legislature shortly after the sub¬ 

mission of this report, recommending that the report 

should be considered by the several municipalities Inter¬ 

ested. and that a special committee of the Legislature 

should also consider It The great Importance of the 



work Riirt the nece«»lty of the oereful conelrterattoii of »I1 

ita (letalla waa set forth. 
In aeoordance with the Oorernor’a reeommendatlon, a 

leKlelatlre committee wa* appointed, and several sesslonH 

»'ere held at various municipalities In the Pasaali' River 

rllstrict. A report was made to the Legislature, session of 

1M1R, setting forth that objeetfbns had been made to the 

dlwharge of the sewage In Newark Bay and to the large 

root of the trunk sewer (estimated at $<1,.V)0,0<I0), and 

recommending that a new eommlsslon should be appointed 

The act under which the present commission was ap- 

poinled was then passed, and the undersigned eight com¬ 

missioners were appointed. 

Evil Conditions. 

M<-anwhlle, the condition of the Passaic River has been 

getting worse, and during the last summer the conditions 

were even more Intolerable than during the drought of 

IHlCi. At the same time complaints of other localities 

were heard, and there were also serious dlBlculties en¬ 

countered In the. protection of the water supplies of the 

cities of Newark, Paterson and Jersey City, drawn from 

shove sources of the pollution of the Ix)wer Passaic. It 

was made evident that a law which would reach this difll- 

cully was also necessary, and such measures as are re¬ 

quired. beyond the provisions of the act accomnanying 

this report, are respectfully urged for the constdeeat'on o' 

of vour honorable body. In this connrctlon. it may b" 

well to direct attention to the recent use of the Passaic 

River Water by the City of Newark, to supplement Its sup¬ 

ply of pure wafer, which fell short In the cold weather. It 

Is an Illustration of the fact which has been reneatedly 

Impressed upon your commissioners, that a large body of 

polluted water adjacent to great populations constitutes a 

p«'rll, and that emergencies will arise by which the fllth 

will be disseminated, no matter how careful the precau¬ 

tions may have been. 

Treatment of Sewage 

While the present commissioners have not had the en¬ 

gineering advice which would enable them to make spe- 

elflc recommendations tor any of the several cas'-s of pol¬ 

lution which exist, a statement of a few apparent facts 

may be disirable. The trunk sewer system p-oposed for 

the I.ower Passaic district by the former commission we 

regard as practicable, and the estimated cost Is not pro¬ 

hibitory As reported by the former commission and its 

engineers, a further and detailed engineering examination 

would, of course. l«“ essential before work was begun, and 

this is necessarily the case In all preliminary examinations 

It has been made evident, however, that there would be 

Immediate and effective objection to emptying the crude 

sewage Into Newark Bay, and a modlflcat'on of the orig¬ 

inal plan In that regard would be necessary, to provide fo' 

sewage treatment by the removal of the solids before it 

entered the bay: or, by such an extension of the trunk 

sewer as would reach deeper water. The conditions which 

prevailed in ISikl have been somewhat modified also by 

the proposed construction of a trunk sewer draining Routh 

Orange and other towns in Essex county and Union into 

Arthur Kill. Objections have been raised to this latter 

place of deposit, and It would apear to be wl*e In the 

proppsed State Sewerage Board to consider whether com¬ 

bined action to s«'cure a proper place of deposit for the 
sewage of both the l<ower Passaic and Upper Rahway 

watersht'ds might not be advisable. 

It Is to be remembered that whatever system may be 

adopted for the disposal of the sewage of the I^ower Pas¬ 

saic watershed, the construction of Intercepting sewers to 

collect the sewage of each city or town and carry It to 

a place of treatment would be necessary, and that a large 

part of the cost of the trunk sewer work would he for this 

purpose. The advisability of all the towns and cities of 

that district uniting. Is one to be finally determined only 

after further detailed Investigation. That separate treat¬ 

ment by the several places Is also practicable Is believed 

by many, and In the case of some of the towns there Is 

a strong desire In that direction. The proposed act we 

submit herewith gives the widest possible latitude and 

allows the greatest degree pf Independent control which 

Is possible with due regard to the public convenience and 

welfare, and the rights of others 

There are several methods of treatment of sewage which 

might be applied to the Ia)wer Passaic district, so that 

each community couln deal with the problem on Its own 

behalf. But whether broad irrigation, intermittent flltra- 

llon. chemical precipitation and purification, or the later 

experiments In biological processes be attempted, expe¬ 

rience has shown that they should be subjected to a close 

supervision by Independent state autnorlty, clothed with 

full power, and that this should extend not only to the 

approval of plans but to the subsequent management of 

the s»>wage-dlBp<isnl plants. For lessons In this regard it 

Is not necessary to go beyond the borders of our own 

state. Under such ngulatlon. the question ns to the 

choice of methods be<-omes one of expense and thoroug'i- 

ni ss. to Iw determined by veiy close examination of all 

the conditions. In a general way. It may be stated that 

the prevailing opinion now favors the colli ction of the 

sewage and its decomposition as rapidly as possible, by 

promoting bacterial life, thus rendering It as nearly in¬ 

nocuous as possible, before finally depositing It This Is 

expensive, but is regarded as complete. Extensive ex¬ 

periments are now being made In this direction, and de¬ 

velopments of value In solving our own dUBcultlea may 

be expected therefrom. 

Quite a large amount of space is devoted by the 

commission to the diversion of water from the 

Passaic and Its tributaries for the supply of New¬ 

ark, Jersey City, and other municipalities, and 

the effect of this upon the lower reaches of the 

river. The commission states that this diversion 

Is claimed hy some to cause a serious diminution 

In the flow of the river below Paterson, thus af¬ 

fording less dilution for the sewage and intensi¬ 

fying the nuisance caused hy the latter. As the 

East Jersey Water Co. Is developing a large water 

power pumping station at IJttle Falls, a few miles 

above Paterson, the commission asked the com¬ 

pany for information regarding the amount of 

water It proposed to divert from the river and also 

for its views regarding the pollution problem. The 

company gave no definite figures regarding the 

amount of water It proposes to take from the 

river, but stated that with the proper development 

of storage reservoirs (regarding which It made 

no promises) the river flow would be better main¬ 

tained than heretofore. The company also argued 

that it Is folly to talk of depriving cities of pure 

water in order that communities below the Intake 

may have a sufficient volume of flow to dilute 

their crude sewage. The pollution of the lower 

Passaic, the company said, ought to be stopped at 

once. 

The members of the commission are as follows; 

Wm. T. Hunt, chairman. Newark; Jas. A. Exton. 

M.D., secretary. Arlington; William Kent, M.E., 

Passaic; Elias J. Marsh. M.D., and John Hlnch- 

liffe, both of Paterson: H. C. H. Herold, M.D., 

Newark: Chas. F. Harrington, Lyndhurst; Chas. 

W. Fuller. Hayonne. 

The legislative act proposed by the commission 

la a lengthy one. It provides for the appoint¬ 

ment of a state sewerage board of three members, 

with SL-TOO salary each, to have general supervis¬ 

ion of sewage disposal. The plans of sewerage 

systems now In existence are to be submitted to 

the board, and any changes hereafter made are 

to he submitted to it for ita approval with refer¬ 

ence to the pollution of streams. After five years 

the discharge of sewage Into the waters of the 

state Is to cease, except as permitted by the board, 

and measures for the removal of the sewage pol¬ 

lution are to be taken by the cities, and sewer¬ 

age districts, subject to the approval of the board. 

If two or more municipalities prefer to Join to¬ 

gether, a petition to that effect is to be made to 

the board, and the district is to be defined and 

set off. A hoard of five commissioners Is then 

to be elected to have charge of this local work. 

The hoard Is to have a right to supervise the oper¬ 

ation of sewage disposal systems so as to prevent 

pollution. The expenses of the local work are to 

l>e borne by the communities Interested, and pro¬ 

visions are made for dividing the cost. The ex¬ 

penses of the State board, which are limited to 

.tri.BOO a year, above the $4.F>00 allowed for its 

three n-.emhers, are to be borne by the State. 

AN IMPORTANT DECISION ON RIVER POLLUTION BY 

SEWAGE IN NEW JERSEY. 

An Important decision In the history of stream 

pollution has Just been rendered by the Chancery 

Court of New Jersey. The suit was brought 

against the city of Paterson about a year ago by 

riparian owners between the Oreat Falls of the 

Passaic River, at Paterson, and the Dundee Dam 

at Passaic, with whom was Jotned Jersey City, as 

riparian owner on the tidal portion of the Passaic, 

and as having certain rights to take water from 

the river for a public water supply. The plaintiffs 

asked that Paterson be enjoined from discharging 

sewage into the river from existing or future sew¬ 

er outlets, hut the effect of the decision only pro¬ 

hibits any Increase in the present volume cf s^w 

age, leaving the complete stoppage of the use of 

the river as a place of sewage deposit until the 

final hearing of the case. Altogether, the decis'on 

is as complete a victory for those striving to pr >- 

tect the Passaic River from pollution as could be 

expected at this stage of the litigation. After 

stating the case, the (Thancellor continues as fol¬ 

ic ws; 

-•h; 

^ f complainant relators exe*- 
tlnn^ Aldermen of Jersey City are owners 

bknks of the river above the point ti 
goes, their ownership extends to the ml' 

to have the water 
wnpolluted, that they may use it for their r.- 

d^estie purposes and, within reasonable limits fo- 
P'WPO*®*- Their common injury 

111-bealth occasioned by the nox' 
offensive odors arising from the water, ii in thro 

^«P'‘‘T*tlon of the uses of the w 
w^h they have a right. 

Mayor and Aldermen of Jersey City, nie- 
stream, has no rlgh; 

waters ^ the stream distinct from the rights of t 
The adjacency of lu proj^rtl 

mnn rtTK.r T convenience in the enjoyment 

the r'eh^ A?** P'‘®perty of the State sub the r.ght of navigation. 

»hAi of the State, of the right to take “pu 
sholesome water from the river at the locatio- 

snffe™"*' ^® "®®* Inhabitants. Jersf 
Th.f7ntM'’~ o' ffom the pollution of the g 

JnJjiiT 11«*8 not alone in the depredation of th» 
vP erected for the purpose of utilizing th 

"‘f “tatute. hut also In the deprivation to ->■ in¬ 
habitants of Jersey City of the use of the waters r' 'he 
I^ssale River, for whose benefit the grant was mad. Ipa 
whom the corporate relator and complainants rcprc ^ 
• ^ tbe pollution of the Pass-nic V r 
affects injurloualy all the relators and complainant* ■ de 
prlvlng them of their respective lawful userof the * ii. r 

It Is objwted by the demurrer that the relator' -.nd 
complainants, being the owners of distinct parcels of I'md 
a.ong the Passaic, cannot Join in such a suit a- 

j ***^ f^® slIcRStions of the li;,l (t 
'*» ^®®®*y®'* 'fbat they all suffer a common injury—the i’os.< 

wbolesome water and the subsiiiu 
tion (or It of a polluted and offensive water; from a 
cau8e--the pollution from the Paterson sewers; for wh’ch 

^fluUoS”* ‘foPPage of such 

The same Is true as to the baneful effect of the nox¬ 
ious odors that arise from the polluted waters Until (he 

» ^2''.®'' -^f^®®®®" of Jersey City ceased to make use 
of their pumping plant, the smells from the water a‘f- 

®°®P>ainant8. even the Inhabitants of Jersey 
nty, through the water delivered to them. In the same 
^y, afld now affects all other complainants than the 
Ma^r and Aldermen of Jersey City In this way 

Each complainant has the right to have the Identical 
water reach him In its pure, natural condition, except as 
the proper domestic and reasonable uses of the riparian 
owners above him may affect It. Above them all a rlpa 
rian owner, for Its own advantage, deliberately deftli*. 
pollutes and corrupts that water, so that when It passes 
to those below It Is burdened with noisome stenches and 
is utterly corrupted and unflt for the uses they each had 
the right to make of It. Can they not join, as may those 
affected by the common air defiled by the smells of a 
slaughter-house, in an appeal to this court, not to award 
each his damages, but to stop the deflloment? 

Thi.s last question was asked because one uf the 

demurrers was to the effect that Individual suits 

should have been brought, instead of a Joint suit 

After disposing of this claim, the decision con¬ 

tinues: 

It Is objected, also, that the defendant has the right to 
empty its sewers into the Passaic River, whatever the con¬ 
sequences may be. This contention rests in part upon the 
ground that It is a natural and reasonable use of the 
river, and in part upon the insistence that legislative au¬ 
thority to the city of Paterson to construct sewers con¬ 
templated their discharge into the Passaic and implied;)’ 
authorised It. 

The sewage In question, it is remembered, is discharged 
Into a stream above tide and 'where the stream Is not nav¬ 
igable. It does not naturally flow to the stream. It is 
gathered by the mumicipallty of Paterson in sewers from 
numerous buildings, cesspools, culverts and drains, over a 
large area of land, and by uniform artlflclally-constructed 
grades Is gravitated to and discharged Into the river. It 
is vastly more than the mere natural drainage of riparian 
owners. I cannot conceive of any tenable ground upon 
which such drainage can be classed as either a natural or 
reasonable use of the river. 

An examination of the legislative acts author¬ 

izing Paterson to construct sewers shows no ref¬ 

erence to the ultimate disposition of the sewage, 

nor the use of the Pass.alc for that purpose, nor 

do they license either public or private nuisances. 

The Chancellor then says: 

As to private rights, I need only say that they have con 
slitutlonal protection against such legislative enactmrni^ 
In England, where the power of Parliament is omnipotent 
in matters of this kind, both as to public and private 
rights. It Is well settled that legislative auttority to meffb 
drain into a stream does not autborixe the cootamlnatlon 
of the water. Legislative license to create a public nui¬ 
sance of the kind consldeired must be given In express 
terms, or by absolutely necessary Implication. 

That the city of Paterson has any right to pollute th» 
waters of the Passaic River hy the discharge of Its sew 
age Into them Is clearly an untenable position. 

Another claim of the defendant was that th 

neglect of the plaintiffs to take action earlier was 

a reason why relief should not be sought in tm 

equity court. This Is dismissed because the fai ts 

seem to show that Paterson has gained rath r 

than suffered through the delay, and that ther.’ 

waa reason for the plaintiffs to assume that th- 

I>ollution would not be allowed to continue unti: 

a nuisance resulted, besides which there has beci 

since ISIMJ, public action through local ami 

latlve commissions for an alleviation of the condi¬ 

tions. 
The last objection on the part of Patersos s 

stated and disposed of by the Chancellor, and t!;® 

demurrer overruled, as follows: ' 
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neetp- 
ti« to ' 
pfftW 
Aftni 
P»fr 
ppop*’’" 
IP not 

^ made by the deTmirrer ti that awn- 
Another chjewn the dty ot Pateraon, con- 
f constructed, should be made par- 

i.^arDllcatlon- The seirero do not belong to those 
are the property of the defendant, and the 

« charged with the duty of keeping them In re- 
cnttable condition to afford drainage for the 
■^nnected with them. The question considered 

• ■ ^^^truetton of the sewers, but as to the dlspo- 
u.fn^nf he sewage they are designed to carry off. More- 

?> -hripe who have paid for the sewers by essess- 
-r their pantees are proper parties, the fact that 

r numerous body, and are well repre- 
‘"‘‘L.i' ’ >• the defendant, their trustee. Is a sufficient 

. , . pot making them defendants. 
” wl (rrule the demurrer, with cosU. 

Ha\ t - lisposed of the demurrer, the Chancellor 

likeni hi ushest aside the objection that the whole 

case i.s enc for a law rather than an equity court, 

and < n. ludes his decision in the following lan- 

guaC' 
The defendant has presented affidavits which, with the 

.ffldavlt annexed to the bill, show very conclusively to 
mr mind if an Intolorahle nuisance does not already eriat 

the Dundee dam, a polluUon that is well-nigh in- 
fntoTable doea exist, and that It Is principally caused hy 
h^def-ndant’s sewage. Some filth flows Into the rivsr 

d^rectlv from factories In tie city of Pater^n, but the 
buT of the polluting matter above the Dundee dam 
vimes from the defendant’s sewers. 

Slow the dam, where the tide ebbs and flows, and sew- 
from other cities and from towns and factories may be 

washed bv the tide up the stream, It is more difficult to 
MT that the stoppage of the drainage of the defendant s 
.cwer» into the river would abate the nuisance. A large 
mrtio'n of the filth there comes from cities and towns, 
whose combined sewage Is more than double that of the 
citT of Paterson. 

I calculate, from the daU before me, the volume of 
ih'p Dure water In the Passaic River below tide water Is 
uDon'^the ratio of 100,000,000 gallons to between eO,(X)0,000 
and TOOOO.isX) gallons of filth. The proof apipears to In- 
iicate that both above and below the Dundee dam the 
potability of the water without the use of some means of 
Durillcstlon Is destroyed, and also that noxious smells 
arise from the polluted water, which, though perhaps not 
vet unhealthy, produce general discomfort to the Inhab¬ 
itants along the river, and that with the ever-increasing 
sewage of the drfendant, must come a corresponding in¬ 
crease of discomfort, and presently disease. 

In this situation It appears to be very plainly my duty to 
take cognizance of the case, and now restrain the de¬ 
fendant from doing anything that will Increase the quan¬ 
tity of its sewage pending final hearing herein. Further 
relief should await the final hearings, not only because 
full and final relief should be withheld until then, to ad¬ 
mit of all possible light being thrown upon the subject, 
but be<-auee of the impossibility of immediate provisdon 
of other means for the disposition of the sewage. 

The Legislature, since 18M, has bad Its commission en¬ 
gaged in efforts to solve the question, what should be done 
with the 60,000,000 or 70,000,000 gallons of sewage now 
draining in the river, without satisfactory result, and It 
would not be just to require the defendant to act upon Uils 
difficult proposition without reasonau.e time or delibera¬ 
tion. The Knglish courts have so treated cases of this 
kind !*o also this course was adopted in Morgan vs. 
City of Danbury. 

.4n Injunction may issue as Indicated. 

It is reiHirted that the case will be taken to the 
I’uurt of Krrors and Appeals on technical points, 
which will delay the final hearing on the perma¬ 
nent injunction. 

REPORT ON THE WATER PURIFICATION EXPERIMENTS 

AT CINCINNATI. 0. 

Seldom in the history of engineering has there 
Iteen such an addition to the literature of one of 
its most important branches within a short period 
as has been the case with water purification 
during the past five months. In our issues of 
< »ct. L*7 and Nov. 10, 1898, we reviewed the report 
of the experiments made at Louisville, Ky., while 
on Feb. 23 we published an abstract of the Pitts¬ 
burg report. Below we present, through the cour¬ 
tesy of Mr. Geo. W. Fuller, Chief Chemist and 
Bacteriologist of the Cincinnati “Commissioners 
of Water-Works,” a summary of the work In the 
same field which was concluded at Cincinnati 
in the latter part of January. The full report will 
not be published for some weeks to come. 

Rome facts regarding the Cincinnati experi¬ 
ments were published in our issue of Dec. 8, 1898. 
They were entered upon with the belief that it 
would be eminently wise to spend an equivalent 
of about a year’s interest on the estimated cost 
of the luirificatlon works In securing more defin¬ 
ite information for use In their design. Such 
studies were almost Imperatively needed, owing 
largely to the fact that the engineer commission 
of 1S!m; had recommended subsidence and slow 
sand filtration, while the subsequent experiments 
at Louisville threw doubts upon the adequacy 
and eoonomy of this plan for the Ohio River 
water. 

The exr>erimental plant had a capacity of 100,- 
gallons a day. It Included the following: 

Four Bk),(i00-gallon steel settling tanks; 15 filter 
tanks having an area of 0.0025 acres each; a 

chemical and bacteriological laboratory: meters, 
gages and other apparatus. The plant as a whole 
was operated continuously from March 28. 1898, 
to Jan.. 25, 18911. A total of 1,*2(*5 samples of 
water were examined chemically and 9,855 bac- 
terlally. From Dec. 3, 18!>7, when Mr. Fuller be¬ 
gan to plan the work, until Jan. 31, 1R99, the total 
cost of the experiments was $38,2611, summarized 
as follows: Settling tanks, filters, piping system 
and buildings, .'k’JO.K.M; laboratory and office fit¬ 
tings, apparatus and supplies, $4,3*23; salaries, 
.$12,973; incidentals, $108. The laboratory and 
office force Included, besides Mr. Fuller, six 
trained assistants and two attendants. 

On Aug. 1, 1898, 7 of the 15 filters were stopped, 
r> permanently*. Two of the filters were recon¬ 
structed and put in operation on Aug. 8, to be 
used with a coagulating and subsiding basin, the 
latter having a capacity of about ten hours nor¬ 
mal fiow of water for these filters. This part of 
the plant was operated as a modified system of 
slow sand filtration, the coagulant being used, 
in addition to subsidence, only when the river 
water was muddy. During September all the re¬ 
maining eight filters, except the most efficient 
one, were stopped. On Sept. 14 tests were begun 
of a small mechanical filter, using a coagulant, 
in order to get results to compare with those ob¬ 
tained in August with modified slow sand filtra¬ 
tion. 

Where it is strictly applicable to the waters 
to be treated, says Mr. Fuller at the opening of 
his “Final Resume and Conclusions,” the evi¬ 
dence shows that slow sand filtration is not 
only satisfactory, but “ordinarily somewhat 
more efficient and more economical for water 
for which it is readily applicable than 
any other process of purification which has 
received serious attention.” But for waters 
laden with silt and clay, slow sand filtration has 
decided limitations. The tests indicate that as a 
somewhat arbitrary limit, though the best avail¬ 
able, slow sand filtration alone is Insufficient for 
the Ohio River water at Cincinnati, when sus¬ 
pended matters exceed an average of 125 parts 
per l.fHtO.OOl) in weight. Dally analyses show that 
during 1898 there were only 136 days, or 36% of 
the total, when this limit w’as not exceeded, and 
that except during June. .Tuly, September and 
October the suspended matter was not below the 

limit for ten days at a time. 
Emphasis must be laid on the fact that the 125 

parts of suspended matter is named on the sup¬ 
position that the figure would be reached only oc¬ 
casionally. The constant amount of suspended 
matter compatible with slow sand filters would 
range from 30 to 70 parts per 1,000,000, averaging 
say 50. Allowing for a 75% removal by sub¬ 
sidence for three full days, the suspended matter 
would have been 50 parts per 1,000,000 on 197 
days. Crediting the filters with an ability to 
handle, for short Intervals, water containing more 
than 50 parts of matter In suspension, Mr. Fuller 
concludes, from a study of the records, that three 
days’ subsidence, followed by slow sand filtration, 
would have sufficed on 231 days, or 64% of the 
time. 

Some of the specific difficulties experienced with 
subsidence and slow sand filtration alone were as 
follows: The water was deficient In organic mat¬ 
ter capable of forming gelatinous films on the 
sand grains when most needed, which, together 
with the fineness of the clay particles remaining 
after three days subsidence, allowed the latter to 
l>enetrate far Into the beds, instead of remaining 
at the surface where the fouled sand could be re¬ 
moved In thin layers. At times of prolonged 
freshets, the effluent was so turbid as to be brown, 
sometimes containing 30 parts per 1,000,000 of 
suspended matter. Under such conditions "there 
was a marked tendency towards a diminution In 
the bacterial efficiency of the filters.” Fish, earth 
worms and other forms of animal life sometimes 
disturbed the surface of the filters, causing Irreg¬ 
ularities In the rate of filtration. These difficul¬ 
ties, it seems to us. would also occur In mechan¬ 
ical filtration, unless the stirring of the sand In 
washing prevented the development of such life. 

Sedimentation for more than three days would 
not be practicable because; (1) The fine clay par¬ 
ticles remaining after 72 hours settlement subside 

very slowly, the percentage of decrease per day 
being seldom more than 5% of the original for 
I he fourth day and steadily decreasing thereafter; 
and (2) the cost would he excessive. These con¬ 
clusions being reached nothing remains hut to 
employ a coagulant, for which purpose sulphate 
of alumina Is considered as the best available. 
The use of a coagulant Is perfectly feasible with 
either a modified system of slow sand filtration or 
with mechanical filtration. Tn the former, it; 
would he necessary only half the year or less, or 
with the more turbid waters, and .with the latter. 
Increased turhidity would be met simply with the 
use of more sulphate of alumina. 

The character of the Ohio River water at Cin¬ 
cinnati Is such that no serious effects are to he ex¬ 
pected through the use of sulphate of alumina. 

If the modified slow sand filtration system were 
to he used It would be preferable to introduce the 
coagulant to the river water, when required, on 
the passage of the latter to the subsiding basins, 
rather than to provide a small hasln for effecting 
coagulation after subsidence. This Is necessary 
In order that the clay particles, so far as possible, 
may he thrown down In the settling hasln rather 
than on the hed. With mechanical filters the 
coagulant would he added after subsidence in the 
larger basins, hut from ^ to 6 hours should he al¬ 
lowed. according to the turhidity of the water, for 
coagiilatlon and further subsidence before filtra¬ 
tion begins As the water enters the mechanical 
filters It must contain a certain amount of coag¬ 
ulant. either from the primary or a secondary ap¬ 
plication. 

For either system of filtration, 48 hours of plain 
subsidence Is recommended. Theoretically, It 
would be cheaper to Increase the coagulant rather 
than to pay the capital charges on more than 24 
hours subsidence, hut oftentimes a second day’s 
subsidence Is very effective, while if this amount 
of reservoir capacity Is available It may enable 
the shutting down of the pumps during the mud¬ 
diest stage of the river. 

Either method, modified slow sand or mechani¬ 
cal filtration, would give satl.sfactory purification, 
the deciding factors being those of expediency 
and cost. Mr. Fuller believes the mechanical fil¬ 
ters could be handled more easily than the other 
sy.stem, with such muddy waters as those at Cin¬ 
cinnati. because: fl) The coagulant may he ad¬ 
justed more readily to the subsided than to the 
more variable river water; (2) If too little coagu¬ 
lant Is used more can be admitted just before the 
water reaches the mechanical filter, which course 
would quickly clog the slow sand filter; and (3> 
the mechanical filters obviate all possible difficul¬ 
ties caused hy winter weather. 

As to efficiency, assuming good management In 
each case, either system would remove an aver¬ 
age of more than 99% of the bacteria, with slight¬ 
ly higher results at times for the slow sand fil¬ 
tration, although scarcely affecting the annual 
average. The removal of organic matter and clay 
should be "perfectly satisfactory” with either 
system. 

The relative costs of the two systems are based 
on a dally capacity of 80,000,000 gallons, and 
cover only the expense from the time the water 
Is discharged Into the subsiding basins until It 
leaves the clear water reservoir on Its way 
through the gravity conduit to the main pumping 
station In the city. No allowance. In either case. 
Is made for the cost of land, which Is already 
owned by the city. The estimates In detail are 
given In the accompanying tables. The settling 
re.servolrs are on the basis of 48 hours averagi- 
subsidence, or 96 hours actual capacity f320,000,- 
000 gallons). The net rate of filtration is 3,000,- 
000 gallons per day for the slow sand, and 125.- 
000,000 gallons for the mechanical filters. 

Estimated Coat of Subsidence and Slow Sand Filtration 
per 1,000,000 gallons Capacity. 

Construction; 
Reservoirs, 48 hours average aubsidence_116,000.00 
Pipe connections outside beds. SOO.OO 
Filter beds (.I.OttO.OiKt galls, per acre per day 

net), chemical devices, piping, laboratory, 
. 16,667.00 

Clear water reservoirs, total cap., 20,000.000 
Ksllons. 1,250. 

Total, per 1,000,000 galls.$34,417 
Interest and sinking fund, 5% per year. 
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Operation and Repairs: 
Salaried attendants* . $0.72 
Srraplnc 30 times a year. 32R man-hours per 

scraping at 30 eta. per hour. 1.111 
Ire remoTal, etc. ..TO 
Washing sand, 1.7.T ru. yds. at 4«l cts. .70 
Replacing sand. 1.7.T ru. yds. at 20 cts. ..Vi 
Sulphate of alumina, O.IKi gr. per gall., at 1.4 

cts. per Ih. 1.00 
Repairs. O.R% of cost per year. .47 

TetiU. $.V«3 
Capital charges . 4.72 

(Irand total . |IO..T.’t 

•One superintendent at $4,000 per year; 1 assistant 
superintendent, t2.4iNl; 2 analysts, $l,.’i00 esch; 3 as¬ 
sistants and clerks, and Janitor, $000 each; 1 night watch¬ 
man. .T reserrolr, .T Alter attendants and 1 storekeeper, 
$720 each; !i chemical attendants for A months per year, 
f.'tfio each; extra labor, II.-VIO; total. $20,S00. 

Katlmated Coat of Subsidence and Mechanical Filtration, 
per l,<iOO,(SlO Gallons Capacity. 

Construction; 
Reservoirs, 4S hours average subsidence... .flA.OiMI.OO 
Pipe connections outside Alters . MSI.OU 
Coagulating and supplementary subsiding 

reservoir, total capacity 20,IMI0,IS)0 galls. 
with piping . 1,.VK).00 

Filters complete (12!V,tMMI,ISNI galls, per day 
net capacity). Alter house, laboratory.... 7,.TOO.OO 

Clear water reservoir, 20,(*N),tSS) galls, cap.. 1.2f»0.0o 

Total .$2t{,7.’W) (10 
Interest and sinking fund, H% per year. $.T.A7 

Operation, Repairs and Renewals: 
Salaried attendants* . $1,17 
Wash water, of Altered water at $1.% per 

l.(SS),n(S) galls. .7B 
Coal for power, and light. .15 
Sulphate of alumina, l.A grs. per gall., at 1.4 

cts. per lb. 3.20 
Repairs and replacements, machinery and 

chemical devices, 10% per year on $2..VI0 .(HI 
Other repairs, 0..’>% of cost per year. .33 

Total . $(5.21» 
('apital charges . 3.K7 

Grand total . $0.0(1 

•Including, besides superintendent, assistant superin¬ 
tendent, analysts, assistants and clerks. Janitor and res¬ 
ervoir attendants and extra labor, as under other system, 
the following; 1.5 attendants for Alters and chemical de¬ 
vices and 3 Aremen at $720 a year each; 1 me<-hanlc and 
3 engineers at $1,440 a year each; total, $.34,1X0. 

Tht* total coat of each ayatem, aa ahown by the? 

tablea, would be $1G..'U» for alow aand filtration 

and $0.0(1 for nierhaniral flltratinn, with larRc 

HubaldinR reaervolra In each caae. KnIarRementa 

of a alow aand plant would be more expenalve, 

relatively, than of a mechanical plant, owlnR to 

the tofiography of the land. 

In concltialon. Mr. Fuller atatea: 

The evidence obtained during these Investigstlons shows 
that It Is practicable to clarity and purity the Ohio River 
water In a satisfactory manner by either the modlAcd 
Rngileh system or by the American system (meaning slow 
sand and mechanical Altratlon, respectively.—Bd.>. Of 
these two systems, the experience and data Indicate 
clearly that the American system would be the less dllA- 
cuH to operate; would be somewhat cheaper; would give 
substantially the same satisfactory quality of Altered 
water; and could be much more readily and cheaply en¬ 
larged for future requirements. It Is therefore consid¬ 
ered that the American system of clarlAcatlon and purlA- 
catlon would be the more advantageous to adopt for the 
local water supply. 

NBW WATKR-WORKS FOR ST. JOSEPH, MO., were 

authorised by popular vote a few days ago. The vote 

was a ratlAcatlon of a franchise granted by the city In 

Jannsry to R. E. Culver and others and also of a con¬ 

tract for hydrant rental. The franchise and contract are 

designed to secure municipal owncrrtilp of the works. The 

contract for building the plant Is said to be let to the 

Seckner Contracting Co., of Chicago. The efty has been 

supplied with water since 18fk> by the St. Joseph Water 

Co., which Is now controlled by the American Water- 

Works * Guarantee Co., of Pittsburg, Pa. The old com¬ 

pany applied for an injunction to prevent the bolding of 

the election, but It was denied. There Is likely to be more 

litigation before the works are built. 

TYPlinin FEVER AT PATERSON, N. J.. Is again caus¬ 

ing alarm. In December,'1808. there were 7A rases (not 

deaths) of the disease, as compared with an average of 4.7 

cases In December for the ten years 1R8A to 1805, inclu¬ 

sive. In December, 180A, there were 106 cases, attributed 

to the water supply, and in December, 1807, there were 

122 cases, due to an infected milk supply. These Ag- 

urcs were furnished at our n-quest by Dr. John L Leal. 

Health (KAcer, of Paterson. Dr. Leal attributed the cases 

last December to a temporary infection of the milk sup¬ 

ply. This epidemic died down, but late in Feb¬ 

ruary another outbreak began, with about 10 cases 

a day reported, according to press dispaitches. The 

present outbreak is also debited to the public water 

supply. In December quite an outcry was made against a 

camp of Italians at Little Falls, N. J., about Ave miles 

above Paterson. Hundreds of men were at work there 

during last season on the water power pumping plant 

under erection by the East Jersey Water Co. It was 

claimed that the men while at work and in camp pol¬ 

luted the stream. Inquiry of the contractor, made by 

this Journal, resulted in assertions that the trouble at 

Paterson could not arise from any such cause, owing to 

the location and care of the privies for the use of the 

men. Dr. M. J. Synnott, Health Inspector of LRtle Falls, 

informed us that there had been no cases of typhoid 

among the Italians. He believed the December outbreak 

was due to dredging operations in the Passaic River, in 

connection with the power pumping plant. The deposits 

of years were being stirred up, only some Ave miles above 

the Paterson water-works intake. The same theory has 

been advanced by others. Against It is to be urged the 

fact that Little Falls has no public sewers and that com¬ 

paratively few houses are so located that private sewers 

are likely to reach the river. A rumor Is abroad to the 

effect that Paterson itself Is responsible for these out¬ 

breaks through the discharge of sewage into the river from 

its city hospital, or In some other manner not stated. 

THE TDNNEL UNDER THE EAST RIVER between 

New York and Brooklyn is under consideration by the 

Railroad Committee of the New York State Legislature in 

respect to the new legislation which is asked making the 
franchise of the New York ft Brooklyn Tunnel Co. per¬ 

petual instead of terminating in 25 years as required by 

the section of the charter of Greater New York relating 

to railways. As will be remembered (Eng. News, Jan. 14. 

18R7) this projected tunnel originated In the efforts of the 

city of Brooklyn to abolish the numerous grade crossings 

over the Long Island R. R., which enters Brooklya along 

Atlantic Ave. The commission appointed to devise plans 

reported In favor of partly elevated and paKIy tunnel 

lines, and the Long Island R. R. Co. accepted this solu¬ 

tion and had very complete plans prepared for the work. 

As designed the work on Atlantic Ave would cost $2,500.- 

0(N), of which the city and railway would each pay half, 

and the tunnel under the river to New York would cost 

$0,000,000, of which the railway would pay all. It has 

refused, however, to go ahead with the work unless it 

could get a perpetual franchise for the tunnel line, and a 

bill recently Introduced Into the Legislature and now be¬ 

fore the Railroad Committee provides for this. Several 

hearings have been held by the committee, at which rep¬ 

resentatives of the grade crossing commission, the railway 

company and various businss organizations of Brooklyn 

have urged that the required legislation should be granted. 

The railway company has announced Its intention of going 

right ahead with the work as soon as the Legislature 

gives it the required perpetual franchise. The committee 

has not yet taken action on the bill. 

A NEW BRANCH TO THE BOSTON SUBWAY is pro¬ 

posed by a bill Introduced In the Massaohusebts Legislature 

on petition of Mayor Quincy. It would run from Har¬ 

vard Bridge, which leads to Cambridge, to Scollay Square, 

thus relieving the crowded Park St. station of hundreds 

of oars a day that now pass beneath the Boston Common. 

Coupled wHh the proposed subway Is the construction or 

widening of the Charles River embankment along or neat 

Beacon St. The subway would be placed in the new em¬ 

bankment during the construction of the latter. 

TRAINS MUST STOP where state legislatures order, 

according to a decision of the U. S. Suprome Court on 

Feb. 20. The Ohio legislature passed a law requiring all 

rwilways to stop at least three trains per day (if it run 

so many on its line) at each town of 3,0(M) inhabitants or 

over. The Lake Shore ft Michigan Southern Ry. refused 

to stop Its trains at the town of West Cleveland, and the 

suit which was brought to compel It to do so has Just 

reached the above Anal decision. Four of the Judges dis¬ 

sented from the opinion. 
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The secUvDS of exhlhlU will Include Ane arts, h ..^r, 

arehsselegy, locomotion and transport. eIectri^;*T 

saving machtnery, marine engineering, the sn-nsn-, 

tion, and sports. All communicaUons should b 

to Mr. H. A. Hedley, General Manager and A-'-rg $«. 

tary, Glasgow, Scotland. Regulations for exh mr, 

already pubUshed and can be bad upon appllcaMsr 

AN 80-TON GRANITE MONOLITH. «5 ft. b:gh g f, 
8 ins. square at the base, 3 ft. 4 ins. square at tb top 

recently quarried by Wetmore ft Morse, of Bar vt 

transported by rail on two gondola cars to Cl ,„<! n 

This monolith was ordered by Mr. Jbhn D. Ro k Mi,, f 
erection in his lot in Lake Vtew Cemetery, in 

Imity to the OarSeld monument. At Cleveland, v- josepv 

Carabelll, proprietor of the Lake View Gran:* Works 

contracted to transport It to the cemetery and rrert it 

The stone, enclosed in oak frames, was taken from the 

cars by soaped ways and 4s being transports over Snnr, 

ft. of highway to the cemetery by means of sp,. tally de 
signed trucks. The front truck has four whceir, . 

ft. in diameter and 13 ins. face, on axles 4 ins diameter' 

the rear truck has eight similar wheels and two iSxig 

ins. timbers connect the two trucks and support the shaft 

which is being moved point Arst. The trucks run on 

planks ladd on the road, and by means of a horse-pap,ta„ 

and Ave men It is being moved at the rate of about lo ft 

per hour. This monument will cost about $20,oi)o |n 
place. 

THE GREATEST HEIGHT REACHED BY A KITE *a, 

obtained at the Blue Hill Observatory, at Keadviile 

.Mass., on Feb. 28, when the recording Instrument marked 

a height above sea-level of 12,.V)7 ft. This is .3X3 ft 

higher than the previous record, made last Auaust at the 

same place, and which has been until now the world's 
highest record. 

THE LICENSING OF CIVIL ENGINEERS is the pur¬ 

pose of a bill lately introduced into the Massachusetts 
Legislature by Mr. Leonard W. Ross, of Boston. The 

bill would require an olAcial recognition of proper quali- 
Acatlons aa a prerequisite of practice. 

AN EARLY WORK ON SURVEYING has lately emne 

into the possession of Mr. Jospeh Kemper, City Surveyor, 

of Utica, N. Y. The title condensed is, “The Compleat 

Surveyor; containing the whole Art of surveying Land, by 

the Plain Table, Theodolite, C4rcumferenter, Periraotor, 

and other Instruments, etc. Third Eklition. By William 

Leybourn, Pbilomathe. London: 1674." This Williim 

Leyboum was originally a London printer; but later be¬ 

came quite a noted mathematician, and edited the works ol 

Edmund Gunter, the inventor of the logarithmic rule, or 

the Gunter’s scale. Leybourn also published the "t'ursus 

.MaAhematirus,” or "Mathematical Course," and the 

“Traders Guide." He died In London in 160.3. An earlier 

publication on surveying wtas noted in this Journal some 

years ago. It was entitled, “The Moste ProAtahle and 

Commendable Science of Surveying of Landes, Tenements 

and Hereditainentes; drawn and collected by the Industrie 

of Valentine Leigh.” It was published by Andrew Man¬ 

sell, in London, in 1.577. 

WASHINGTON NA'HONAL PARK, near Mt. Ranler. 

in the State of Washington, is the subject of bills before 

Congress, proposing to set aside an area of about 18 miles 

square to be reserved as a public park. TTie House Com¬ 

mittee on Public Lands has recommended its passage. 

THE BRITISH RAILW’AY ASSOCIATION, according 

to a Ixtndon item, will send Ave prominent railway offi¬ 
cials to the United States to Investigate the facts upon 

which the English government bases a bill compelling the 

adoption of automatic couplings on all the rolling stock 

of British railways after Ave years from the date of 

enactment. The estimated cost of this equipment is about 

$:>().()oo.o(H). 

AN EXHIBITION OF ROAD MAKING METHODS and 

appliances will be held in London on April 26 to May 6, 

In connection with the Building Trades Exhibition at the 

Royal Agricultural Hall. The road exhibition will be con¬ 

ducted under the auspices of the “Surveyor and Municipal 

and County Engineer," 24 Bride Lane, Fleet St.. London, 

E. C. The main divisions of the exhibit will be as fol¬ 

lows: Historical, road design and laying out, including 

engineers' Instruments, materials for roads and streets; 

drainage, road making machinery, traction records, man¬ 

hole and similar covers, tools, curbs and gutters, tram¬ 

way rails, street and other signs, lamp and Are alarm 

posts, sprinkler stand-pipes, Uoaks, shelters and seats; 

dust and orderly bins beneath the streets, literature of 

road and street construction, cleansing and maintenance. 

AN INTERNATIONAL EXHIBITION is to be held in 

Glasgow in 1001. It will be held on the site of the ex¬ 

hibition of 1888 and under similar control; this site rovers 

67 acres in Kelvingrove Park and the Bnnhouse Grounds. 

THE TOTAL DEBT OF LONDON, for 1807-08, says the 

Finance Committee of the London County Council, is 

$'204.3.53,105. involving a charge on rates of $12,081,220; 

of this latter amount, $.5,042,800 is Interest, and the re¬ 

mainder repayment. The total debt is equivalent lo 11314% 
on the annual rateable value, and the charge is e<iual to 

an average rate over all London of Is. 5l4d. In the pound 

The debt of the City Corporation of London Is not In¬ 

cluded in the above, and was $24,646,500, with an annual 

charge of $1,445,700. 

ATMOSPHERIC OR ETHER VIBRATIONS were dis¬ 

cussed In a paper lately presented by Mr. F. W. Branson 

to the Leeds Naturslist Club and SclentlAc Association, ol 

England. He made experiments to Illustrate the dissim¬ 

ilarity of the radiations of the atmosphere and of the 

ether; and presented the following table to show the 

gradations which may be observed between sound, light. 

heat and electrical waves: 
Vibrations 

Rdntgen rays .^’?S[’aoo 
Photographic limit of solar spectrum 1,1K.8W, 
Green light . 5«2.W9 
Infra red . 
Heat rays of solar spectrum. 
Electric oscillations in Herts 

resonator . 
Audible vibration. 
Music, highest note . 
Music, lowest note . 
Water surface waves of minimum 

velocity .. 

per second 
0(XI,CSIO,0(I" 
S)P6.842.«24 
K'k3,121.312 
976,7 lO.&lt 
744.in.0M 

67,108.964 
32.768 

4,006 
32 




