3.—PUMPING TO STAND-PIPE.

BLOOMINGTON, ILLINOIS.

Bloomington contains a population of 17,180, and is situated 126 miles south-southwest of Ohicago and 154
miles from Saint Louis. Its business interests are principally agricultural, Topographically the oity is but
slightly irregular, and thoe streets intersect each other at right angles. The city introduced o water- gupply in 1870
Ly pumping to a stand-pipe, the water Leing derived from a well sunk in sand, loam, and cluy goll  Thoe well is
situated about 600 feet northwest of tho corporation ling, in & plat of six acres of land owned by the eity, and
is 28 feet 5 inches deep by 40 feet internal diameter. The first § feet was loam clay, and the remaining depth
was sand and gravel; underlying this is 7 feet of blue elay with a substratum of fine sand. Tho latter, onfaining
o strong vein of water, was brought into communieation with the main part of the well abovo by & pipe 18 inches
in dinmeter and 9 feet long, the top extending 3 feet above the bottom of tho well, Tho average t’lop(h of wafer
in the well is 14 feet, and the supply, 2,714,000 gallons per day. Tho well is lined with briek-work 12 inches thick.
It was sunk on an iron shoe, tied to the brick-work by vertical ivon rods. The brick-worlk was built up in conrses
as the shoe was sunk. The well is covered by a framo roofing, and iy situated a few feek back of the engine-house,
The latter is 28 by 28 feot, with a boiler-room 28 by 44 feet, and tho coal-room 20 feet square. A stack in the latter
is 05 feet high by 4 feet mtemor dinmeter, brick-work 2 feet thick.

A Worthington duplex pump of 1, 000 ,000 gallons daily capacity, erected in 1875 with the works, is Tun at
high pressurc, and has steam- cyhndms 20 mchcs in diametor, pump-plungers 12 inches in diameter, and o siroke
0f 14 inches, It is operated at an average of 44 double btrokes por minnte during 18 hours per day, No duty-triul
has ever been made, Tach pump-eylinder containg 22 inlet and 22 discharge rubber disk valves 3 inches in dinmeter,
Steam is supplied by two boilers, one a multitubular, containing forty-four 8-inch tubes, and 16 feot long by § inches
diameter of shell, Thoe other is 22 feetlong by b feet in diameter, and containg five flney, three of which are 10 inehes
and two 12 inclies in diameter. They are run at 70 pounds pressuve with Illinois soft coal mined in thoe vieinity.
Their evaporation is unknown, The engine cost £3,300. It is to Le assisted by & Bluke pump placed neay it,
and having a 30-inch steam- and 15-inch pump-eylinder with a 24-inch. strolo,

TFrom tho engine-house the water is forced through 600 fect of 10-inch cast-ivon main into the stand-pipe. This
.consists of a cylinder of wrought iron 8 feet in diameter and 200 feet higl, encased in o brick tower, with wally ¥
feet thick at base by 12 inches thick ab the top. A spiral stairease encireles tho pipe. Theve is one inlet and one
-outlet, each 16 inches in diameter, connected with the force-main in the adjacent street Dy two short branches
fornished with valves, by which the pipe can be shut off from the system and direct pressure exerted.  I'romn hove
the water flows Dby gravity through a little over 10 miles of cast-iron maing, A sgtatement s made by the
superintendent in the annual report of 1877, to the effect that the net cost for running the water-works by direct
pressure before the introduction of the stfmd -pipe, for the month of January, 1876, was &hl 0 50, while the average
monthly cost for 1877 was only $168.

The distributing mains are of 10, 8, 6, and 4 inches @ diameter, the greatest length being of 4 nnd ¢ inches,
‘There are 124 hydrants, the majority of the Matthews patent, with a fow of Chapman’s and Flowers, The average
«consumption is estimated at 300,000 gallons per day, distributed among 515 takers.

The first cost of the works is given at $75,000. Of this amount the items are somewhat as follows:

Eugmes ........................ B e e et ke a sem e s Leea et anan bee e AS e Rua s et vran anenen £1,300 00
Buildings at the pump B o2 N e e s vee 2,850 00
S 0 X I U . 28,670 00

The remainder was expended for the ground on which the buildings are located, the force- and distributing-
mains, boilers, well, ete. The total cost to date amounts to 118,000, The annual repair and maintenance cost for
1880 was $5, 000 :
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58 WATER-SUPPLY OF CITIES—SANDUSKY, OHIO.

Tho head of water on the mains varies from 75 to 100 pounds with a full stand-pipe. An analysis made by
Dr. D. 8. Dyson gave the following results:
Graina per gallon,

TLOEAL BOLIAS « o e et heimit aeas mame e mmas muus bema ansa mranrncn cmts ammams e n ek amm maen e wenma mne an s 70
Carbonate of magnesia...... e e caamaees s e man e U4
Carbonato Of IO . o v o et e s ciee acmnmsms ciac m e rmeaaar e s aeaaehan b asn e Cvemmeerreas 8
Carbonate of Iron-cno cmermeen e e F e e ms s s M s saee e aean cenateaann mrn ek anuann 12
Chlotide of SOMIUM e n v i et car e cein iee cre e ceece s v m wam Ch me e eamecanaesae menmiecanacaeann. e Trace
Sulphur by precipitation. v e e o criir i i e eerraaeaaa. e en res bmea anaeesaaan 32

The eontrol of the works is in ihe hands of M. X, Chnse, snperintendent.

SANDUSKY, OHIO,

Sandusky contains a population of 15,838, and is located on a bay of the same name of lake Irie, its site:
sloping sonthward from the bay. The interests of the city are chiefly commercial.
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SANDUSKY WATER-WORKS PUMTING $TATION,

Water was introduced in 1870 by the city anthorities, and is derived by pumping from Sandusky bay, By awm
arrangement of stop-gates in the mains the pumping is cither direct into the mains, to the stand-pipe, or a combination:
of both of these systems. The crib from which the water is taken is sitnated 1,800 feet from the shore-line of the
bay. Itisoctagonalin plan, with an inner diameter of 25 and an outer of 45 feet, Two rows of sheet-piling, driven
to rock-DLottom, are 8 feet apart, and the intervening space is filled with broken sandstone, Through this the water
of the bay passes to reach the mouth of the inlet-pipe, as in the case of Toledo, The top of the crib is 6 feet above
high-water level in the Day.

The inlet-pipe is of wronght iron, 3 feet in diameter, 1,800 feet long, and buried in water 12 feet deep. The
crib end is turned vertically, and its mouth protected by a perforated copper-plate screen. The joints are made
with o half-sleeve riveted to the end of cach section, with flanges which are riveted to cach other. Ifvom the
termination of this pipe on the shore a Lrick conduit, 413 feet long and 3 feet in diameter, leads the water to the

pump-well of the engine-house. A stop-gate is arranged in t{his conduit near the well, in order to eut it off if it
574
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boecomes necessary t
=B necessary to empty the well.  The latter is an ex ation i
- o A \ . a exeavation rock 29 r & { i
W !Sh briek throughont.  Above this is an engine-bonse, of bluestonleu tSIZ)GIIsOCSLO {e by S‘ e '—)1% el lined
l‘wnlm\h(nmu connected therewith is 40 by 40 ‘by 28 feet, flagged, 1 i i ek 100 et O'f vy
fovk on 1o inaride, » flagged, baving a chimney-stack 100 feet high and 3 by &
" o N aohin e o o .
hi;::hl)}:l‘t:, \I:llllml)lil gt}nh;dn]l;u} lc%(mhl:ats of two sets of Worthington engines, one a duplex componnd and the other a
Jpressore, both built in 1876, the {ormer baving a capacity l ‘
‘ , , 1 having a capacity of 3,000,000 and the latter of
day, The duplex engine has < > T P @ the latter of 2,000,000 gatlons per
ua 3 gine has a low-pressure steam-cylinder of 43+ inches di r, 11 i '
nehes. dinmeier D & oW ° 8 1% es diameter, high-pressure cylinder of 25
ster, p-plungers 174 inches diameter, and a stroke of 3 feet. A i i
14,000,000 fontponnds The big ‘iz el : ) 0 ect.  Average engine duty in 1880
- 8, o high-pressure enging has steam-cylinders of 24 i i ;
A0 Tooty th-pt g g g 24 inclies diameter, pnmp-plungers of 16
i x;:l;;‘: :’l l\-‘mlf.. ; L;l: :l(l)l{;l a s{rolw of 26 inches. Average speed, 34 doublo strokes per minute. ',,Dhe tc}?t'?l cosi of these
mgines was $32,500, and tho repairs to date have amounted to less than $100 ing ’
ave & 8 althou y
per day all the year round, , oneh mm during telve Bours
From tha pumps o 20-ineh cast-iron for i i
3 s o 20.ne . cc-main connects with the stand-pipe, 70 feet distant, The he
] Y4 Sty \ Y " i ! ‘ ad On h “
pumps is equivalent to 180 feet for domestic and 229 feet for fire pressure. e

SANDUSKY WATER-WORKS.

The stand-pipe is vuique. Ib consists of a shell of wrought steel 180 feet high and 25 feet in diameter,.
containing an inner column of steel 299 fect high and 3 feet diameter, nsed as & stand-pipe in case of fire, to give-
additional hiead,  The outer shell is known as {he reservoir, and is leaded into a shoo of cast iron in segments
bolted togethier,  Twelve iron 14-inch rods {astened to the second course of the onter shell have their lower cnds
lended into the rock 8 feet below ground and gpread by wedges. The foundation of the whole structure is upon
limestone-rock, and was built by J. & L. MeGregor, of Detroit. The metal has a tested strength of 67,000 to 87,000
powdy per square inclh. Valves regulating the admission of water to the inner or outer shell are controlled by~

gearing and rods operated from the engine-house. .
From thae stand-pipe the water is digtributed through 108,126 feeb of cast-ivon pipe of the following lengths-

il sizes:
Linear feet,

DU-T11CLL «ameme veemmenenmanaaue rearnann e [P PP R EEPT 4,370.8
1G-inch ._.. 3,%63.7
T (USRS PEPRFPISEITETEELL SR S e erae mieemmeeessase..o 10,080.0
O PR PP ETRE VLSS e eu dmnaeeans ceeeeraraememioece 3%,()?2.4‘
T PE ) L E Aia vasapeeuanes PP 4?, 430.8
ETE T2} [ W PR S TSP NPRPE femeens 5,078.7
B-inch .- . 691.0
s andd Ig-ineho ... e TR PP P 9,460.0

(AT 100 DR e s PR et emeaeeameanmaanaanaes e nn s S 108, lgi._xf

Attached to these theve are 47 Lowry and 99 Matthews hydrants and 141 gates. T.he performance of the-.
engines for the year 1880 and {ho relative cost of pumping for the 1ast four years ave given in aunexeds; :ﬂﬂes:
el > i A ‘)
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GCost of pumping and amount received from 1,000 gallons,

e
. a2 g ;'.91 a .
o | B84
5% gy g | B D
Po SHa | A k=]
Year. S | R4S | g%
W | Had | BSE
3 |fEq | g
2d | 988 | 4=8
- BB o orir
] < Q
Centa, | Cents.
4,17 [$14 80
412 {112
2,04 | 833
2,77 | 700
Details of operation.
o o, i s 22% 8884 e g
B | Bs | &9 §  |Sfg | e 58 | &
3 5 GH] %7 27 a8 4 [ -8
B 82| =% 8 &g | ARl 8 | 5§ | €5 r
Months, 1880, ga g.'é” gg A gaa -5'8,:? - £a %5 §
= g @ ) B o W38 2 . a d
a2t ] g d & ibz b w2 $8 =iy g
¥4 25 §§ : F (388 ERdR ) E 58 | 23 2

Pounds, | Pounds. | Pounds, | Feet, | Gallons, | Gallons.
120,500 | 98,600 | 15,258 | 104.9 | 31,810,800 | 42, 605 | 85, 570,100 | #107 83 #150 03 | $22 73 $370 60

106,000 | 25,200 | 12,600 | 170.1 | 80,537,800 | 48,410 | 40,343,000 || 214 1 10068| 2331 898 25

00,400 | 98,500 | 11,200 | 1045 | 20,543,700 | 48,200 | 40,240,106 {| 177 67 10083 | 99 65 308 05

81,500 | 22,200| 0,410| 1081 | 24,420,250 | 50,000 | 41,074,966 | 102 83 wos3| o21a 345 20

3 119,700 24, 200 0,105 | 166,1 | 83,784,200 60, 601 | 42, 242, 500 205 43 160 8% 19 00 380 18
T YOO Cereaians 113,000 | 18,00 | 6,920 | 106.2 | 80,430,600 { 48,707 | 40, 030,160 || 108 84 W0 8| 19 90 370 43
July ... 16,000 | 13,200 | 9,008 | 100.8 | 05,002,550 | 52, 680 | 43,005,000 {| 184 80 0088 | 2011 305 74
Angust.... 191,800 | 10,400 | 11,720 | 160, | 84,552,160 | 4%, 210 | 40,182,600 | 218 63 10084 ] 8175 401 a2
“Septomber. 110, 500 19, 500 11,800 ] 170.2 | 38, 883, 300 61, 410 | 42, 840,160 211 25 160 83 22 60 304 58
SOCEODET. e eevarvrnerrnneasamneinncasnnes 116,000 | 91,800 | 10,048 | 170.2 | 84,500,800 { b, 898 | 41, 615,000 || 227 o 100 63} 29 30 411 79
NOVEIIDOT +revveemnenncmreeemasoeamneerns 158,500 | 24,800 | 14,444 | 107.0 | 45,770,800 | 40,700 | 41,406,000 j| 204 20 ey 2003 498 06
Decomber .......... e, v rannnns 156,600 | 25,800 | 16,210 | 170.2 | 47,000,800 | 59,193 | 40,435,833 || 206 20 0083 | 2854 525 06
TOLAL +erasnsensrsnssmmeranennnmenns 1,808,330 | 266, 200. 132, usa’ ........ lan,vm,am veveeerneihiiens o 2,588 78 | 1,080 17 l 2 77| 4,848 79

The total consumption in 1880 amounted to 1,128,300 gallons per day, delivered to 1,200 consumers.
The first cost of the works was $375,000, and the total to January, 1881, amounted to 8387,180 76, Tho items
may be seen in the table. The cost of maintenance and repairs in 1880 amounted to $8,322 50, as follows:

Paid for fuel (including $11 75 for office).cecnenrennnnn., hvreamnan R fenine cmrnennn s vaneas nnesea B2, 000 53
Gas, waste, ice, and oil (inelnding gas and ice for ofllee) vvr e veit vrenicnnnnrennaveececsieasnnsnnnsanns V27 Ih
Salaries of superintendent, engineers, and fremen e vecees vaneancnne weraemsnansannas snennannnnnnenana oy 100 08
Salaries of secretary and TrUBLEES .o ivs iieren octveienr iny chnecns sinscetnsraennsannnarransaceanonnaan 1, (00 U2
Olfice rent, exponge of printing, stationory, ete ...ooooov.nt P N eeas mteeabeane e 305 16
Tools, 1080, 6HC vale vunenannncenn eu s avnne Comen- Hreee e mmas e e meeanns aake e e ia ar e mane 00 20
Sundries, extra labor, drayage, froight, papering and painting offico, 610 . covvmmus rvnrecruansvennnnns 242 12
Repairs on valves......... RPN e ann rans e, arnyy 5o 67
Repairs on hydrants ...... e N sememremanne vernen en e muE Bhes mAAn m s aaa T abu A aans pake aney han 60 91
Repairs on pipe-line....cccoueun.nn e tmennaaanay P Cn e bemone iakan euwea mnra baaskann naan nw pen 22 31
Repairs on influent-pipe..cuu.oooe fesen mnenanna, e SNa mm A aNES Rmew Emar avie emEesenan bammeeaarnhn nane 310 84
Repairs on stand-pipe ..cccveeeenennnn. Cemmeesasevinecaren g S RV 25
RODAITE 0N @I IIeNONEC s e ene caeect vt coit bamceu cral noie mmneane maen amun aus mwnn ke o nau nnannnen snnaes 16 85
Repairs on 1OLlers AN BNEINE vue cvuevererous car s serrmurs rare amnnanns onrn non wonn mva ey nuue nan b7 84

“The receipts for water-rents in 1880 were $11,141,
576 .
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Oonstruction account.

An“;,‘i‘;'%mm Awonnt Amount Amount
Object of expenditures. Deomnberso | Paidinthe | paidin the | pridinthe | Total cost.
76, || YyeaulsiT, yenr 1878, year 1879,
Water-pipes coveeneceecennen e st [P wewe|  $100,827 27 $1, 630 05 $08 80 $3, 013 33 | $112, 870 41
IOy IDf cernertvnnasravsoncnanseencnsoimerresnnssananas 88, 202 80 3, 248 68 43 08 1,634 08 | 103,128 64
Stand-piPe. e s annree e 20, 081 87 26,040 20 1,070 08 |eenvecnnaiinns 48,108 05
Stand-pipe conneotions . 8,008 70 |.cuueuuinnnann 8,008 70
Enginoe, hoilers, ete..... 5, 543 47 27,187 15 02, 004 62
Influentspine aueeeoeen. 16, 810 62 12 50 L. 10,832 12,
By eril eevunsiicanannn . 3,768 03 [.enuvmriannnns . 3,763 03
Pump-wWellecenns canmns crvennececneenunan, SN 1,402 28 2 65 1,464 03
HyQrants ceamene i mecns cocvrumerarsmcnmsacsernsessnasane 9,135 15 579 B0 10,111 13
GRtes ANA VALVOB tvue e innecnmmnanscrannrenennrrrnrennsenas 7,660 12 3908 09 8,200 70
Lngine-louse vueva. N 11,111 64 2,060 91 13,108 45
Dwelling-house. P IR 513 50 1,271 12
SO BEACK e amanenmr e ecnennrnucnne snensnasnnsnsusnnnsens 2,081 45 10 00 |...os 2,001 45
Travoling and tolograph OXPONSES «cvvevevmrnesrmrerssncmss 010 04 . 801 018 65
Imploments and t0018.enawsveaneaiearnnsaraannnennunnenas T04 87 172 23 011 12
OfHlco and engine-houso furniture, including iron safo...... 477 20 0D 03 546 83
Tilling and ornamenting ongine-houss grovunds veesesvasess 760 G2 1,177 71 3,030 09
OMe¢e exponsos, stationory, ndvertising, and printing...... 1,130 16 178 28 12 40 (... 1,390 82
Sundries and incidentals, and analysis of water............ 680 08 288 08 verenrannionns 808 71
. Ferrnlos, stops, hoxes, and sorvice connoetion ..ovvevvins. 2,004 G5 b5, 009 70 1,264 70 1,057 72 0, 447 83
OB eora’ BOIATION vavuur e tvununconscrananes sunmmsconnrnnnnnns 3,783 00| 0625 00 [cuwmuasansccas|omvennenns . 4, 268 09
Engincoring, superintendence, and inspection. vuveevee. .. 7,010 45 800 00 |veeaness eeans 100 04 7,083 00
Totl amount pald otbeveeernvninnsonnaus [T . 801, 740 40 00, 655 26 4, 850 02 7,408 74 | 883, 061 88
Amonnt pald outi 1 1880 cuuer carvavevannnnrannanerennsiane]iomeseenaneans FS P F RPN [N 4,128 88
B Y DTN fadaen abanrans enensianunsass|annsaunnarenns 387, 180 76

The water taken from the lake was analyzed by Professor 8. H. Douglas, of Michigan university, in 1876,
when the lake was slightly turbid, and the vesult is given below:

Appearance porfectly clear and limpid after filtration,

Mattor (inorganic) held in suspension rendered it slightly turbid and of o yellowish tint,

Hardness, on Clark’s seale, 1° to 16° (16° Leing the hardest).. Bofore boiling, 4°.  After boiling, 259 Oxygen absorbed by organic
matter from permanganate of potassinm, 65.

! I(I}ré\ins poE |
. . , 5. gallon arts per
Conatituonta. 65,088,580 | 1,000,000,

gralns.

Chloride of sodium .enmeu.us teirersananennunan [P Peenassaneanns 0, 205088 4. 5400
Sulphato of BORIM. weveierivivrnrnenmnrnnranensanans [ 0. 883088 15,1000
Sulphato of enleium cuvvuvaeaiins., L P [P 0. 7305600 12,6720
Carbonate of calcium . 4. 400140 70, 3350
Carbonate of magnesiom .. can .en . 1, 238104 21,1869
53110 R . 0. 321248 5. 6000
Tron (forrio 0XIA0) vevvesvnsrmesass s rmnnmsienrsnsesesronaausnnnnennnus 0. 106004, 1, 8000
Oxygen displaoed..o.eeniimnuecainen “eremennaneaiya rranemrnna. 0.'030518 0. 6281
Total s uuvnvnevmerenanannmanns veenan [P [ 8. 040440 137, 7600
Total mattor held in suspension, separated by filtration..... . 0. 803271 13,7500
Total Lield in 80INLON vevnev i nianareananeaanernes besrrumvsannes 7. 240160 124, 0300
Tarthy oarBOnAte8. . oy ey et acet i ou e ntrnnamerceate e rm e mns e 6. 008274 07,3140

An account of an accident to the inside stand-pipe on October 20, 1878, is thus given in the report for that year:

During a fire on the affernoon of the 20th day of October, the fire pressure-pipe Lurst at a point 50 feet below top of large tauk.
The reaction caused by the water escaping through the rupture bhuelkled over. the pipe and forcod it against the side of the largo tanic
with great violence, broaking it in a second place, bruising and otherwise injuring o section of about 25 feet, When the damaged parts
had beon removed it was decided to replace with iron of # of an inch in thickness, and as the iron of tho pipe as originally constructed
had a thickness for the first 100 feet of % of an inch, and for the second 100 feet, 4% of' an inch, it was thought desirable to remove all of
the y%-inch iron below the break and substitute ¢ inch, which has accordingly been done, Asthe pipe nowstands the shell has a thickness
of % inch for the first 140 feet, +% inch for 60 fect, and % inch for the remaining 29 feet.

A. spiral gtaircase has recently been built around the outer shell,
A peculiar oceurrence is thus mentioned in the report for 1880:
During the month of February, 1880, it was discovered that the water in the pump-well was unusnally low, and that the flow of

water through the conduit was graduslly diminishing, until the 13th of February, when it almost ceased—from no apparent canse, as the

valve at the end of -the brick condiiit was examined and found to be open full bead. During the night of the 13th, the difficnlty scemed
vor 17 37 577
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to have been removed and the flow of water was asusual, bub very roily and ifmpure, Subsequently it was ascertained that there was @
Dreak in the influent pipe near where it joined the brick conduit, It was found that the copper strainer on the end of the infleent-pipe
inside the bay-erib had becomo completely enveloped with a peculiar fibrons sediment or fungi, impervions to water, which caused the
pipe to rise from its anchorage and separate at a joint near the coffer-dam. This vegetable formation was very tongh, impervious to-
water, and, when dried, was non-combustible.

The works are under the control of a board of three trustees, with a term of office of three years. Xrwin

Graves is saperiniendent, and David M. Arndt, secretary.

TOLEDO, OHIO. '

Toledo, containing 50,137 inhabitants, is situated on the west bank of the Maumee river 4 miles from lake Exie,
and is on comparatively level ground, with streets intersecting cach other at vight angles, The site was originally
two distinct settlements, one of which is somewhat more elevated than the other. It is chiefly a commercial centex-
with considerable manufacturing interests.

The municipal authorities introduced a supply of water from the Maumeo river in 1873, the system employed
being direet pumping to stand-pipe. The suction-main is taken from a ¢rib in the river, of the following constructions:
It is a rectilinear figure, six-sided, with its longer sidles parallel with the river, and 80 feet long, the other sides Lefng
37 feet each. It is composed of lines of piling b feet apart and 45 feet deep, bound together by 10x12-inch timbers;
broken sandstone fills the space between the rows of piling, covered with double planking., It required 415 piles,,
28,000 feet of timber, 7,600 pounds of iron, and 1,709 cubic yards of broken stone. The river waler passing througlh.
5 feet of broken stone enters the wronght-iron influent-pipo from the crib to the influent gate-chamber. At this
point & brick conduit enters the pump-well of the engine-house. By an arrangement of valves and w middle maiw
connected with the two rising mains, either engine is made to supply water from the pump-well to a filtering basin,,
while the other one pumps from the latter into a stand-pipe, there being two engines in use. ‘

INTERIOR OF FILTER-BASIN, STAND-PIPE IN THE I;ISTANCE.

. lTl'lte imlzltion-main' is composed of 250 feet of boiler-ivon § feet in diameter, connected by 250 feet of brick
O(f)‘nz ]Eeeodxlfig? nssun;e Ii:l(;;rgcitee; toI;chiZ puntl’p-wtell. "Ihq ﬁlteriug basin, wln‘_ch has 'bcen reeently abandoned, is one
aterion oo Y ¢ dm,s im;.‘mu rltrec angular 111.1.)1511'1 and .150 by 300 feet, lined with masonry, with vertical
o thi"o o the divisi()u-\‘vql]_‘ 7‘(310 Ifnd, 1p‘art1txonmg off the elear-water well, The bottom of the latter is.
of £inch atapen the divislo all wi 1 the large complartment. The filtering material consisted of a hottom layer:

es, 1 100t in depth, with another layer of smaller stones 8 inches in deptlh above it; the Iast two

1 8 gy \ .
ayers algsgmvel and sand cach 2 feet thick, making the whols depth of filterin g material 5 feet. The water
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umped from t Gt d , ; :

ﬂndul;(u 110?111111 ;lflel (1);} )eftu;t‘g]:thcysasm by one of the engines flows back from the clear well to the remaining engine
Jot on 10 the ﬁlter"i xulu s ’thalﬂ?c ence it is bumped into the stand-pipe. On the 12th of J. anuary, 1875, water was
b :’;(l(),(m()‘ ) ~hac . ho ! ;u_'mg area 1s 18,200 squate feet, and, when first used, its actual capacity proved to
l'i\‘vl" water wﬂ;;q 91‘18‘ t’liclll 1(1&\6, '\lv“ule the best results were obtained when filtering but 2,500,000; at that time the
suspension 1\(;]»1(11}'1,1 ,1(,; arlsg‘cf.ar.' A few monthg later high water, bringing with it great quantities of clay in
Suu('l‘ulmm:t; ii)x X Lle'fl tho lA 1‘m10n, 1}111)erfect and unsatisfactory to such an extent as to render the surface ofkthe
one Tsin. thu‘ixlx c: oy 19u& ts_ & consequence, cleanix}g Wwas necessary as often as once a week, and as there was hut
emmﬁmmm o ;{: t],u? 1@:;{&:?11‘ 1191.1 water: was d‘mwu from the river direct. Financial embarrassment prevented the
4 e i m,u:. H (}}1) lb‘ﬂto bq'sm. ’.lhe'advantages gained from the filtration seem to have bheen doubtful

w appended analyses of water before and atter filtration can be trusted. The basin was abandoned after a,fe“;

months, Thoe stand-pipe is o wrought-iron pipe 5 feet in diameter and 243 feet to its top, which is 260 feet above
the level of the river, and is inclosed in a brick tower, as shown in the eut. This stand-pipe is connected with
the pumps by two maing, each 24 inches in diameter and 80 feetlong. There are one 30-inch inlet and three 30-inch
outlets; only one of the latteris in use, The tower of masonry is stone, 7 feet thick under the base of the- pipe,
and 36 feet scuare at its base, 16 feet below ground.  Three feet above the ground, its inner diameter is 16 feet, with
the same outer dimensions as before. It containg 682 cubic yards of stone magonry and 1,242,000 brick. It was
originally tho intention to construct a spiral stairway around the pipe, bust a hydraulie lift is to be substituted.

The purnping plant consists of two Worthington duplex pumps, with Jow-pressure cylinder 50 inches in diameter,
high-pressure 29 inches in diameter, pump piston 20 inches in diameter, with a stroke of 4 feet, They run at an
averngo speed of 33 strokes per minute. The ordinary duty averages 37,000,000 foot-pounds, while with good coal
it s run up as high as 55,000,000, The condensers are 30 inches in diameter and 5 feet long. The air-pumps of
one of the engines are 18 inches diameter, and of the other 16 inches, all having a 2-foot stroke. A poor quality of
bitnminous coal is used under eight boilers made by the Novelty Works of Toledo, cach 16 feet long and b feet in
dinmeter, m nltitubular pattern, with sixty-two 4-inch tubes in each. Average pressure, 50 pounds. Evaporation
unknown,  Che performance of the engines for 1879 is given below:

Pounds of coal consumed. .ooooiiioanen- v e e erm aaenan ey s et e e e aas 4,316,477
Powirds 0f e0al FOr Banking fires «veee coomostaeran croresusmrr sora ettt o e ar e e 29, 300

‘ 4,287,177
(ta)1oms of water pumped. ... .vvaen B TI L LR e T AR 1,140, 625, 640
Tlours of fire Presaure cov. ceee cvvn-s B SRR L LR L LRI R AR bbby tromodmesecaaacnaan .. igg

Laesutsseman bamn paBAUsve e

TMoight an et canu it e e . . 163



64 | WATER-SUPPLY OF CITIES—TOLEDO, OHIO.

Gallons of water 1 foot high with 100 pounds 0f €0al . e vameicimniinscarearey s rnee cmmensneae 43, 366
Duty, in pounds, of water raised 1 foot with 100 pounds of €08l u v cvmunevmvnciieieinne vaenne anee .- 36, 169, 244

e —
o

LT T U U By R . S e %4,849 o8
Cost of enginecr, firemen, and helpers. .. ..... wmvremean e e emeeneeeanna-- cienasemeeemanranan 4,023 04
Cost of oil, waste, and tools ...... .. e aanan reeenn cmanan camane Wmwman raumes sennan amaen Craemm e oaa 380 80
Engine repairs, £as, an0 PACKINE - v n oot mmin seniermac i anan cera et enae e wnee emene e er it ena s 401 49
Total cost of pumping .. co. v ... S ekcesanmeesrunmann amenmenm e “emennn R - 10,815 00

Cost of raising 1,000,000 gallons 1 foot high, in cents....o...va.. Cmemrecmaasaaan emane seaane mnnnaan 6,54

The ordinary head on the pumps is about 60 pounds, and 120 pounds during fires. Their cost was §89,148,
The consumption in 1879 averaged 3,133,686 gallons per day, distributed through 404818 miles of cast-iron

[N
main, of relative sizes and lengths, given below:

Linenr foot.
B0-IEH PIPO et e oeie a i e et e et et scsnsere som s sman nen enee 15, 847

B BTN T o < A 1

BT U e 198
D BT 1 g QNP =1 1.
BADCII PPO e v mm e e em e st sk e s e e n e s m e mms raemmt cm e e hek mee s emmmm sannaemrans vemeneee 34,060
L LTy sreestaeen e 138, 157
3 BTy ) PPN § 9943 1

Total..... ————- PR 7 ¥ O 11

Three hundred and forty-nine hydrants are in use, three hundred being Matthews’, and the rest Boston Machine
Company’s patents. The city has had but little experience with meters, only 41 being in use January 1, 1880,

There are about 2,600 water-talers, and the meter-rates are as follows:

Cents.
* 100 to 500 gallons por day, Por 1,000 allons.ueaes ce ceeevanscncnercanan aamammemcsssenmnsssannesconnasnsaencnenn 20

500 to 1,000 gallong per dwy, Por 1,000 galloNB .. ce et e nan i oecraeamcear e mnceaesaraacaeasrnccnessnvnnnrnasmnnne 17
1,000 {0 2,000 gallons Per day, Par 1,000 gllons . v e ueee e a e nnrenraeaecansnecnnssenessasannsnrcevensnnnnnees 12
2,000 to 4,000 gallons per day, per 1,000 gall0mB..me e cer ceaerne cmnn e crmenn s sssoanansennceeesnasnnonornaanas 10
Over 4,000 gallons pox day, per 1,000 gullons . v s wrascr cnscasnnsnsecrmonnsanasencsasansnnssnernsnnvsnnnsnanas 8

An abstract of the cost of the works, giving the different items, is annexed:

Tor what exponded. 1872-"73. 1874, Total,

Dlpoand speolnlB..ceuasvsnsvemasenas| $176,607 06 | $270, 611 00 | $466, 210 02
PIPOIAYING cnrtvurrnrsnsronaonsanas| 17,711 20 | 100,214 10 | 137,095 80
Tlrobydrants cuevevvnrnorsssvnrsanne 5, 202 66 16, 804 00 22, 067 66
Gates nnd VIIVOB. v unvasscnunmsumns 4, 022 88 10, 030 02 24,153 50
Tiltor-bods nnd 6riD. canvvevvas s onan 808 14 20, 246 89 20, 555 03
Engine. and hoiler-hounse and stack..l.eeeveraeenanl 20,482 BB 206, 482 68
TENEINOB avvene cvvronmnrsrnrnnssnann 7,084 01 40, 822 89 706, 406 90
SERNAPIPO «vnnrannss wevesinsanneeneel 8,805 88 92,060 05 | 02,825 98
Pnmping-wells cea.nn. weaerenom [N 1, 600 77 1, 600 77
Brick conduil covnnseanreinunrmararnnc]ennnnsvesnanan 9,006 08 8,008 00
InAuent-pipo cevensiansnsnanne vowsesalecnuionnemunmne 4,608 15 4,000 15
BOWOLAGO nannsanrasannneurnnabannss 863 04 1, 425 64 1,789 18
Tnginoering, et coverncnmenannenaas 4,887 70 8,770 40 13,108 18
BAIATION e nnaanveinnnnusssnnnsrnn . 0,888 25 11, 845 24 20,733 40
Tiognl BOXVICOB.cvarrncracnannansasns 200 00 " 50 00 260 00
Traveling and telegraphing evvovuns 1,421 87 205 89 1, 680 76
Printing, books, and statlonery .....| 1,084 88 1,088 53 2,173 80
Offico EXPONBOR werrrnuamans tnunnranns 1,654 80 082 59 2,207 87
Tmplomonts, 0t.ue-cvasearans vevens] 420 40 786 82 1,215 81
Land vaevens wwemnramnanenvavnvensanasf  BLB77 B4 [iweereeernanas 31, 877 54
Telograph L0 WOIrkBsamneevesseovasnnclennasnne PR 220 00 220 00
Coal-house vevuensven T T T RPUTOR 730 24 730 24
Pipeyard euens.n wmeevunr s marnaes 166 62 23 36 170 98
Interestconenn s sunine swmesmvmmansrens 44 07 810 05 303 72
TompPOTATY WOk euuwnuanarmresonnnen 308 20 11, 946 77 12, 255 06
Maln WOrkS covivemecnniiaennannn S 561, 80 561 30
Forrules and plumbing..... N PO wannun 1,772 79 1,772 79
Whater-moeters ....vcuan. PP T g 04 G 94

TotALe s enrarmernnrnnnens [ 272,020 50 | 614,510 03 | 886,50 490

This sum has been inereased in subsequent years as follows: Construction, exclusive of tools, to December 81,
1876, $030,726 40; in 1877,81,699 58; in 1878,$28 12; in 1879, 8658 48; sand account to December 31,1876,831,377 b4,

making a grand total of $964,490 12 to January, 1880,

The s;xsx(ljmnl cost of maintenance and repairs for 1879 amounted to about $17 ,000, not including interest,




PUMPING TO STAND-PIPE. - 65

The analyses of Toledo water previously mentioned are given herewith as made in 1874 by Professor Silas H.
Donglas, of Michigan university :

FILTERED, UNFILTERED,
Constituonts. Graing Graing
por United] Partsin fiper United] Parts in
States gal- | 1,000,000, | States gal- | 1,000,000,
ton, lon,
Oxygen absorbed by orgﬂniu mnttor fmm ]wm\rm
£ANnto 0f POTASSIIM.cacurruann nn creminma | 0,0003 1.6 0.1176 20
TLotal solid contents......cociiiiiviinianciniiiinnn| 16, 32650 283, 2418 17. 44070 200, 3638
Consisting of § Volatilo and combustiblo matter..| 1, 16378 10, 9508 1, 20525 20, 0458
! B O Flxo0 8A1tH vvererennneeireneseeans 15, 85281 | 268,201 m "3554 “"8. 718
Earthy earhonates cooveveniiiiiiiiniia i ciianianen, 0, 06747 165. 810 10. 54020 180. 037
Fixed snlts, conaisting of—
CBIOTING vavvrens vonurrsnnasnaenannasvasirnunses 084110 . 14. 40 0. 84110 14,40
Sulphurie acid 2, 14020 840, 305 £,14020 o0, 505
KNitrloacldennennnnn.. 4 Trace. Traoo, Traco. Trace.
Carbonie acdd covvencniniiiioiiiiunnns voann 4. 07008 80, 00 5. 03020 80, 24
Solublo sTHen e uesivineene i ciniienic s e veaa Trace. Trace, ‘Irace, " Trace,
Limo.ecienees . 3. 00030 68,32 4, 73581 8120
MRENOBIN «ves cemnrnsrnncsrmmnrcrnamaesannarsannsns 2.44118 41, 801 2. 22805 88,108
Totassn and B0AR. «eromirveecs vnnncs sarnon PUSPR 1. 26059 22,285 1. 26050 89, 285
OxXIQ0 0F SLON cvvnns vcervirinnnsiianasninsnnceaanss|  Traoe Trnce. Trace. Traco.
Total 801AS caaeeveannna, wmmnetuennanatns 15, 356281 203, 201 16, 23564 278,718

Filtered,—Sediment slight, but containing, as shown under the microscope, abundance of infusorin, Hardness on Clarl’s scale from
1° 10 16° (16° heing the hardest),

Unfiltered.—Sodiment slightly increased from filtered, and showing nnder the microseopo o great variety of infusorial animalenlm.
Hardness on Clark’s genle, 129,

DETROIT, MICHIGAN.

Detroit introduced a supply of water in 1827 under the control of a private individual, who sold his rights to the
city in 1836. A new site was selected and new works were ereeted, These contain two small engines of 10,000,000
gallons capacity, and an 18,000,000-gallon engine built by the Dry Docks Engine Com-
pany of Detroit in 1871, In 1877, owing to the fact that the supply of water, which
was then pumped from the Detroit river opposite the heart of the city, was muel con-
taminated by sewers, a new set of works wag completed at a point 4 miles above,

In 1880 the city contained a population of 116,340, Situated on a river of like name
7 miles below lake Saint Clair, it extends from 3 to 4 miles along the river and 2§ miles
back from its banks. Its streets are laid out at vight angles to cach other, with the
exception of several which radiate from the Grand Circus, '

Topographically it is comparatively flat, having o slight rise from the river of about
50 feet per mile. It is chiefly o commercial center with considerable manufacturing
interests, ‘

The water is taken from the river through a cast-ivon pipe G0 inches in diameter
and 1,100 feet Tong, the river end of which is supposted on the river bottom in 22 feet of
water on a crib of txmber filled withistone. This pipe enters a settling hagin 400 feet from
the engine-house, as shown iu the cut. .

This Dasin is trapezoidal in plan, 800 by 750 feet long on the sides, 363 by 370 feeton
the ends, with an average depth of 17 feet. It is 200 feet from the river-bank, and the
river-end of it has a submerged bulkhead 75 feet from the bank, On the western sideisa

canal 45 feet wide, extending parallel with and beyond if, and {from which it is separated
by two rows of shect -piling filled in between with 14 feet of puddled clay supported by
piles driven 7 feet into blue clay. On the engine-house end there is another. wall sim-
flarly constructed; natural elay soil extends from the back of this wall to the engine-
Louse, a distance of 400 feet. The east wall is of the same character, but 11 feet thick,
and the natural elay soil beyond. The inlet-pipe enters the basin 6 icct above its bottom,
and is 15 feeb lower at its river-end than at its discharge into the basin. From the
opposite end another 60-inch pipe, 400 feet long, conveys the settled water from a point 6 feet above the bottom
into the engine-house pump-well. From this joint it is drawn by two compound condensing beam-engines with
double-acting pumps and forced into the stand-pipe, whenee it is conveyed to the reservoir, Both engines were
designed by John B, Edwards, esq.

& TTLING HABIH
lwra’/o Deptjei
17 46 Y
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The first enginc was built by the Detroit Locomotive Works in 1876, and the other by the Riverside Iron
Works in 1880. They are alike in most respects, a description of one sufficing for the other.

The old, or No. 1, has a low-pressure cylinder of 84 inches diameter, a high-pressure cylinder of 42 inches
diameter, pump-cylinder 40} inches diameter; stroke, 6 feet; fly-wheel, 24 feet diameter; speed, 8 revolutions per
minute; air-pump, 36 inches diameter and 30 inches stroke, operated by an auxiliary engine, The jet-condenser
is 3 feet 9 inches diameter and 5 feet 9 inches high; vacnum, 26 inches. The steam-valves are puppet-valves
operated by cams and plug-rods; cut-off’ at § stroke.

There are two pumps to each engine, of the plain piston type, each pump-cylinder having 116 discharge-vulves
of rubber 1 inch thick ab each end, 9 inches diameter, and lifting from 1 to 1§ inch, There are also 485 suction
valves at the end of the eylinders 19 by 74 inches, rectangular, and lifting from 2 to 3 inches.

A Dattery of four marine boilers is used with each engine. They are of steel, 8 foet diameter by 17 feet long, with
A-inclL return-tlues, making steam at from 50 to 54 pounds pressure with anthracite coal. ISvaporation unknown,
The engine cost, with platform foundations and the like, $108,000, and gives a duty of 68,835,000 foot-pounds, and
the following table will give its work during 11 months of 1879:

LG 2110, I TOTIS ¢ eeet v it anr e wawa e sm e r masmms cmmaas cmmmnn am e st a b mma wm et men an cane G, D090
Numbor of rovolutionE MG taraee ot eiimme semces mmnmct mo s cmmmus sarans comaussnrmrsmnaansnanns 3, 0,181
Number of gallons PumpPed ..o oian e i e it cieet teeane ccetane esnnas cmanaamanrnnnn o, GO, 154, Yuo
Duty, in gallons of water rnised (AVOIRZ) \ue e catuun souans cnumme s asdmmmre e ccisiasnes snnnnsnsrnnas G4, 0OV, G
COrdS 0F WOOW CONSMIELL + - v ev s vamn = em e —enmss mm rae s cmma et s ran mmcet s s mrs s m et e aemns ammo R 20
Pounds of conl{a) consmMOEd . uuyenmeesvussvncn mennsnennsiunnes amma tae e areann e e s remeaeaane 6, 033, 742
Pounds of BereeNiNg e e veme cunn crnmeraenn s e feamn meaeeecmrtaaan e nne. nenna R, e . . 32, 364
Cout OT WOOAL o e eeeevmee encmns eraccenacmansnnnne vuman N e mm e e mmamn e asane o ——— 307 0
Cost of conl.caa ... e Nwe e aemema s saem e v ame tanr semn s menaamuanaao— e summny vaen anmmn sunnnn &1, 218 61
Cost of sereening .. vvvvecaceinmcnccnn K e n e mamas e e aneaeamnd e e s manee mene uanan ameann iy m 8164 18
Total cost of All fE] COMBUIGL vt vt mane e ceaauane crrasean smsnassnmmrs samacscasansesancesnnnn 80,727

The number of gallons pumped for 1 cent cost of fuel consumed for the year 1879 is 4,5672.03,
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COMPOUND PUMPING-ENGINE OF THE DETROIT WATER-WORKS,

Engine No. 2, crected in 1880, has a low-pressure cylinder of 84 inches diameter, a high-pressure eylinder of
46 inches diameter, o pump-cylinder 41 inches diameter; stroke, 6 fect. Other details ay before. The hoilers ave
also four in number. and of the same description as the last. The cost of No, 2 was $83,000, The pumping
capacity of each engine iz 12,000,000 gallons. Details of the duty and operation of engine No. £ are not yet
published. Of the 18-million gallons engine in the old works, which was started in 1871, few detuils ure at hand,
but the following record will give its work in January, 1879:

Time ran, in DNOtrS. .. ce cenene ceen caman cean 744 || Pounds of screening «ovoeviiiianiian.. reena 1, (101
Number of revolutions made .. ..o ..., 469,207 || Cost of WoOd vewnnraeneinninriieceniinana &5 51
Number of gallons pomped ... cooaen.annn . 436,446,210 || Costof conl civninnnaaaniinani.. P 3 R )
Duty, in gallons of water raised.... .. ...... 43,135,700 || Cost of sereening. ceevveore iaeee cannn. .. /o =4
Cords of wood consumed. . ... oiieniannns 2% | Total cost of all fuel consumed «..oooen oL &1, 401 77
Pounds of coal consumed «eve cane irenaunnn. 785, 3506

- a Anthracite, except 425,800 poands bituminous used in January, )
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From the pumps & 42-inch main extends to the reservoir, o distance of 15,240 feet. An offset from this, a short
«distance from the pump-house, and 30 inches diameter, extends to a wrought-iron stand-pipe 132 feet high, the top
being 128 feet above river-surface and 60 inches diameter at bottom. It tapers to 30 inches diameter at top, and
48 inclosed in a brick tower 17 feet 6 inches diameter at base by 12 feet at top. The walls are 3% feet thick at base
-and 21 inches at top., This tower rests on a stone base 16 feet high, with walls 4 feet thick at top and 5 feet at base.
“The waste from this stand-pipe empties into the head of the canal by the side of the settling basins. A new force-
main, 42 inches in diameter and 23,000 feet long, is being laid.

There is but one reservoir, and this is situated 4,500 feet from the old pumping-works, at an elevation of 77
feet above the river at level of high-water surface in said reservoir; it is rectangular in plan, with a wall dividing
;it into two basins, each 200 feet square; the depth is 26 feet and capacity of the two basins 7,692,700 gallons; it is
puddle-faced, with a riprapping of stone, slopes 1§ to 1 outside and inside, making the bottom 114{; feet square;
width of banks at top, 15 feet. It was built in 1858.

The distribution system is composed of pipe varying from 30 inches to 3 inches diameter, amounting to 210
‘miles in 1880, This length consists of 86f miles of wooden bored logs, sonie of which were lmd as late as 1880,
-though in very small quantity, and the remainder are of cast iron.

Thero scems to have been considerable reason in the continuned adoption of this system of log pipes. Their
pperiod of efficiency hag proved to be about 16 to 20 years, and as their cost was only one-fourth that of iron pipe
they were laid in the sparsely settled portions of the city., By tho time that they were worn out the population on
sghe street had grown sufliciently to defray the expense of a new cast-iron main. As a general rale, the former were
apaid for, prineipal and interest, by the time they had to be removed.

The iron pipe is divided about as follows:
Linear feet.

45 Inehos LAMBLET toveeyiismnt iaissucms it cmr ssan asan sbae smnmmn caenn amaraas feemraenmeetuuaas e 50
42 inches AdiaMmeter ...oviien e vie e ceriie ane e ane saamn . sunen N tammes eamaa 16, 244
30 inches AIameter vvenee veveas cane e cnmcaranes e eae ewmeand mmen e eee e mmaaa tann e nunttsamo—..- weee 4,813
24 IN0NCE QIAMOLOT nan v iaeieeim et eness tnse cret wetn sems tammrn tmane ey tneata by brnne amea e 34, 504
20 inches dismoter vveveevevanennavnnn Ne e mme s s mmad he e e brm R Rk hsanne menne e aana ceree. 406
16 100108 QIAINOEOE +avasnsevene cnnean aesnmesusnnsnanecwnsnesannnnsamuns cmms e aeaan e rneeessnana- 1,510
12 inches diametor «.......... tedemnmeneraeneer v ann e nnae us mee s weaeaen s et bas s aaeanyen e 2,050
10 inclios dinmetor ..ouenvscer ciiensivean sanan T Ceannee e e mmns e reae s aaan 49,302

B AnohoS QIAIMBEOT +ovvur iarcnevaeraeimescncaness sanecs cnnvenmuanas smumes habannmonnmnsannesmunnssnnn .. 063,686

6 Ineles AIAMOLOL v e rvcmr cies tecmmt e chanceaeiamnes sbas emtanmnane nnnn enn warehamncnrsssanaannaman 17D, 085

4 inchos Aiamoter voveeiivritinrnariene tnmmer ceeennronan treenamnaeranmas seruubeoneysemen e 243,170

3 inches diameter ...covivimuaniaan.. yannas taeasermssssemma s amar e annnn omas e cenneen g 34,238

Tron pipe laid in the year 1879:

: Linoar foet,
10 inchos dinmoter <. cvceverecmeniicas e ccnia v snr s aane e canennan eeenem mena aEmmaL Mnanraue ansasa e 1,839
8 inches dinmeter .......... wees amms miemween cumnanane anp e smannana as semaeaann b ann e e n e 4,713
6 inchos diameter .....cua. rman qrnenn P W eansombae remmmnaaneaans tamnasenne . 20, 439
4 inches AIAMOLOr cove cnenee cemcne vunnraconacnannean emeat mes ennmnay sa iy ceam hen e anunaaae vees 15,080
S INChes QIADMBEOI caan iieus ccistaacat caennnemsrm o s aean tananr name smen mmne s aEe taanaaneeseaseynasnns '7 802
Total foot..mwer ceveanunann Jamenn Snwmename e aba R Chwmmanme aasaaamn—y s nan . s rmmnannnan 50, 833

Equal to 9334} miles,

Connected with these systems of wood and iron pipe there were, in 1880, 746 hydrants, of which 605 were
‘Matthews’ patent, the rest being plain wooden-box hydrants, In addition to these there are 5 other reservoirs, 167
Jarge wooden tanks, and 141 smaller ones, making a total of 313 tanks.

 Thero are about 1,200 Flower’s patent stop-valves. The iron mains are laid b feet below the street-surface.

About 25,000 wmter takers on the register consume an average of 16,000,000 gallons per dfuy, at the meter-rates
-0f 1 cent per 100 gallons,

The purity of the supply from the old works becoming questionable, owing to contamination by sewage and
refuse from manufacturing establishments, the suction-pipe at the old works was extended into the river, and most
.of the water is pumped from the new works. The following analyses are of water from the river at various points,

by A. B. Lyons, chemist, of Detroit: 583
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Analyses of samples of water taken from Detroit river at various points.

[Parts to 1,000,000 parts of water.]

Alkalinity,
Treo All)uir{\i- Ghilort estimated Condition of
i s, lition of water. nol hlorine, | as car- o on of woealher,
Where obtained, Date Conditio ammonta.|, Dol A ndit \
Tinie,
1879, .
In river, American channel, at mouth of inlet-pipe..--...-. Ang. 25 | Turbid cocvvenevneaans 0. 053 0,129 2.1 %m ﬁ ﬁ (\IYS'Wi“d.
Ta Lasin, nearest pumplog-works..cuvoemrinanaeennas -.| Aug. 25 0. 055 0,128 |ocuiians 88 Terp. af /lt, b0 (nearly).
In basin, near bulkhead.. . ce.e. wemaeann | Aug. 25 | Pretty clear .onsennune 0. 066 0,125 {ecnesen. Temp. of water, 710 I,
From hydrant, Stearns’ drug stero. --..... -] Aug. 28 0, 045 0. 120 2.1 88
i B\ {22!3: RN .| Sept, 1 4 0.042 0,310 Jeemsannnns 83 | ( Air colm, smoky.
In bas{u, hear pump works. PRI 8 lt 1 1 0,048 0,110 {wunthor very dry.
In basin, rear inflow end of inlst-pipe.. - Bepte L j.eaee. ‘10 """"""""" 0' o1 0‘ o I *| CLemp, of air, 82 ¥o,
From hydrant at Stearn's drug atore..co..eae..t ve-| Sopte 3 [...... [(] T , 045 . P .
JEnst after a leavy roin,

In river, in middle Canadian channel, Bello I8le..cvuen.en Sept. 5 Mfu]umto fsedimont W 0, 226 0,121 Jeaeenannns 86 { 'l‘lt’)mp, ur'[u e lﬁTO‘ i,
From hydrant, Stearns’ dreg st0r0.ceeveeeovveiiceronans . Sept. 6 | Slight sediment. ...... 0. 205 [ PR PN [T

, D 5 &) B SR, Cenerncns

DOt ceiiiarians cmmsvennsanatncsratsar anraas veees| Sept, 8 0,210 0, Weather showery,

Inriver, middle American channel, water-works........... Sopt. 16 0. 065 0.242 |iennnnnnn 88 Wind wester) v
TIn viver, middle Canadian channel, Bello I8l6. uuvenvareenss Supt. 16 0. 058 0,148 Joremnennn. crreanasa,| CTemp, of ajy, 720 T,
Off Clark’s dry dock, Delow City.cevceeearrnncnninaiacniien, Sopt. 15 0. 075 0.175 25 feeeeraan-s
Foot of Twenty-seccond street, inshore, still water ......... Sopt, 16 0,071 0108 lienivevnan]enn vramans

Small as is the quantity of chlorine at present found in the river-water, it is considerably greater than it was
a few years ago.

The following table shows the inorganic constituents of water of Dotroit river, as taken from the hydrant,
SeptemDber 10, 1879 :

. Grainsin

Constituents, E%mda%‘: gt\\‘ligﬁa .
Potassium BuIDLALO e vveeennens s vere| Trace. | Traco.
Sodium, chilorido (salt).cvsrenennnn., 308 0. 020
- Sodinm, carhonAte..c.vcviennaarea-. 6,75 0. 804
Magnesium carbonato ceettmaenan 20,78 1. 200
Cnleinm earhonate vovevevecseesannans 7. 49 8, 563
Caleinm sulphate ... feerewmrrene 17. 80 1. 048
Aluming.......... Ceveirarreeearana. 4,13 0. 241
Ferrous carbonate ({ron)..eveses aesna- Traco, Trace,
Silien canvenans mereserasaetieae “emrenar 6. 24 0. 800
Total B0HAB wenaniirecranesnan 116, 18 0. 775

These results compare favorably with those from Boston water,

The original cost of the works is difficult to ascertain, as they have been frequently changed and vebuilt, The
total cost to the city amounts to $2,065,000 to October, 1880, and will amount to $2,015,000 to complete them as
projected.  Below 18 given an itemized statement of the cost of the new works up to January 1, 1878, and such as
can be derived from gources of information at command up to 1880 '

Ttema, 1874, 1875, 1876. Total, 1870,

L 585, 000 00 {vevueennnnnn, 30, 000 00 $60L 00
Force-maing P $138,211 87 | $187,922 07 275,534 04 § 82,860 14
Inlet-pipe ...... eneaes ceee e 20,460 05 5,075 40 | $2,000 08 || 25,104 B8 feeneverrernnt
Dockg, hasin, and eanal ... P 03,706 50 40,844 63 | 1,208 02 || 105,220 05 66 07
Conduit and conddtwelle - venravens{venrereneraloerenennnnnss 8,028 81 | 3,160 08 11,184 70 53 00
Engine-, boiler-, and coal-honses. .-« |oeeoeeeeeeenene i ns, 58,404 28 | 41,851 87 09, 816 15 201 84
Stand-pipo and tower....ovveoeeeeeed]ivnen 7,067 72 | 22,746 43 20,804 16 § 10 43
hia LT 00| SRS IR 12,482 20 420 65 85, 118 47 393 &
Lngine 43,850 40 | 2,340 60 | 102,127 48 § 44,985 45
Boilers o 15,885 41 { 5,008 80 | 20,800 21 124 63
Engineer’s houss ....... B PN IO 8, 000 90 3,000 99 49 50
13105 S Ceemanens 8, 587 69 33 24 8,620 03 386 06
Grounds ....... . 650 98 3,257 14 | 11,354 50 | 15,801 ¢2 8,293 &L
Tnspection.... 798 25 861 31 708 52 2,207 88 foevreenininns
Aiscellaneous 1,052 91 220 87 528 53 8,608 10 750 06
Wood, pipe, and sundries «vvoeeeerdoreeneeec s onnen o R T e 1,905 00

U 208,004 10 | 336,492 08 | 04, 857 62 || 707, 620 48

GIODd L0t v e o N N I

534 !




PUMPING TO STAND-PIPE, | 69

The expenditures on construction in 1878 amounted to perhaps $90,000, making a total to date of about.
$942,454, while the bonded indebtedness of the water board is $1,451,000 up to 1880.

The operating expenses for 1879 were $40,809. The receipts in the same time amounted to $1OG,045;

Meters arve but little used as yet. The new works were designed by D, Tarrand Henry, 0. E., and the present:
works are under the control of Chauncy Hurlbut, president, and Henry Starkey, secretary, of the water board,

@

CHICAGO, ILLINOIS.

Chicago contains a population of 503,185, and is situated on the sonthwest shore of lake Michigan, ab an elevation
of only 12 feet above its level. The site of the city is so level that the greatest elevation at any point is but 23
feet.

Water was first introduced in 1840 by a private corporation, and was derived from the lake, In the present
water-works the old means of taking water from the lake have been discarded, and a tunnel under the bed of the-
lake brings water to the pumping-station from & erib placed 2 miles out in the lake.

This tunnel was begun in 1864, and completed, under the direction of T. A, Chesbrough, C. ., in 1867. The pier-
and crib contain a vertical shaft provided with three gates at different depths., It is connected with the shore-—at.
which is another shaft—by the tunnel, excavated 30 feet below the lake bottom, § feet wide by 5 feet 2 inches high,
and lined with brick. The excavation was chielly through clay, and the cost of it, when completed, was nearly-
$500,000. A second tunnel, of 7 feet diameter, and located 40 feet from the first, was completed in 1874, It runs-
parallel with the first, and is connected with it at the lake end by meansof a cross-tunnel at the crib, and after-
entering the old or North Side pump-well it extends through the city 4 miles, passing under the Ohlcago river and
entering the well of the West Side pumping-station, which is 44 by 10 feet, built of dressed stone,

The old pump-well is 21 feet deep, and, being sunk in guicksand, was built with a curb of brick 313 feet in:
diameter and 2§ feet wide atb the bottom, resting in a shoe of iron 2§ feet deep, having a sharp edge below and-
sunk by its own weight after the removal of the material below. = The bottom is of oak planking in two courses,.
each 3 inches thick and covered with 10-inch pine timbers with conerete between them. On this was laid a layer-
of 3-inch oak planking, and the whole is covered with 9 inches of concrete.

Above this were built the engines, of 18,000,000 gallons capacity. They have two cylinders 44 inches diameter-
each, with 90 inches stroke; pumps double-acting, and 28 inches diameter beneath the steam-cylinders, They are
condensing coupled beam-engines, and pump into a stand-pipe of wrought iron 86 inches diameter and 138 feet
high, inclosed in a tower 154 feet high, octagonal in form, and built of stone.

There are two other vertical beam-engines, designed by D. C. Cregier, and built in 1871, They are of 18,000,000
gallons capacity each.

At the West Side works there are two condensing compound beam-engines with high-pressure cylinders, 48-
inches diameter by 72 inches stroke. Low-pressure, 70 inches diameter and stroke 120 inclies.

The pumps, located beneath the low-pressure cylinders, are of the bucket-and-plunger pattern, the latter being
36 inclies diameter with 120 inches stroke, and the chamber being 31 inches diameter. These engines deliver water:
into a wrought-iron stand-pipe 5 feet diameter by 167 feet high, inclosed in a stone tower 190 feet high. The-
engines were built in 1876,

In connection with the original water-works there were some small reservoirs Luilt, which are now totally
useless, and water is no longer forced into them.

The distribution consists of 450 miles of cast-dron pipe, none less than G-inch being laid. The consumption
amounts to about 57,500,000 gallons per day, but oceasion 1lly reaches 75,000,000 gallons, 'The capacity of the-
worlks is 100,000,000 gallons per day.

There are abont 62,000 services in this system 'Lnd ,000 meters, the majority of which are of Worthington’s.
make, with some “Gem?” and “Ball & Titts”.

The total cost of the entire works up to 1880 was .‘B‘S 645,000, and the revenue to the same date, 10,334,600

The works are in charge of the c¢ity engineer, Mr. 1, O, Cregier.

The Chicago works have formed the subject of elaborate reports, which can be found in almost any of the-
public libravies., They have therefore been but briefly treated here.
: 586
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PROVIDENCE, RHODE ISLAND.

This city contains a population of 104,857, and is sitnated at the head of Narragansett bay, on Providence
ziver. Tts streets are laid out with great irregularity, Topographically it is also very irregular, some parts of it
Deing elevated over 100 feet above the rest in the length of a few blocks.

The water-works were begun in 1870, under a resolution of the city council, and were completed in November,
187L.  They have always been under municipal control.  The system in use is pumping to a distributing reservoir,
‘the water Dbeing derived from the Pawtuxet river, near the village of Pontinc, about 6 miles from tho heart of
the city. This point is known as the Pettaconsett pumping-station, and the main works are located there. The
drainage area of the Pawtinxet river is a little over 192 square miles, At the pumping-station the Pawtuxet
amounts to o considerable stream, from 15 to 20 feet deep, with a velocity of about 1 milo per hour, The width is
perhaps 90 feet. The principal part of its bed is gravel and sand, the water being of fine quality.

MAIN PUMPING-WORKS, PROVIDENCE, R. T

At Pettaconsett station there are two distinet pumping-houses, ono.containing the permanent engines, and the
other'knowu as the “temporary works,” The latter consist of a low wooden building on the bank of the river,
cqntmning a single Worthington engine, with two boilers attached. It was erected in 1871, and supplied all of the
water ufsed until the completion of the Cornish engine. The diameter of the pump-plungers in the Worthington
«duplex is 22 inches; stroke, 47 inches. It is o condensing compound engine, the diameter of the high-pressure
cylinder being 20 inches, and of the low-pressure, 36 inches. )

586170
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The capacity is 5,000,000 gallons per 24 hours. Actual duty, 56,000,000 foot-pounds, and it pumps about 21
hours per day at present. Its guaranteed dutby was 50,575,000 foot-pounds. The two boilers nsed in connection
with. it are horizontal multitubular, 5 feet in diameter by 17 feet long, making steam under an ordinary pressare of
63 pounds. No experiments have been made to determine their evaporative power,

Thoe permanent works are located a few hundred {feet farther from (he banks of the river, and consist of an
engine-house of granite, iron, and brick, as shown in the accompanying view, 129 feet Ly 56 feet, with d4-foot wings
a boiler-house 179 by 55 feet, with a repair- or machine-shop of 123 Ly 70 fect dimensions. Ieight of engine-house
49 feet, and of boiler-house 134 feet,  Only one chimney has as yet been cons(ructed, and, although there is space
for four engines of the Cornish pattern, there is but one erected. The stand-pipe may be seen rising through the
center of the roof to the height of 185 feet. It is of boiler-iron, resting on a eylindrical casting 74 feet diameter, 9
feet high, and 2 inches thick, Upon this base vests the inlet casting, 7 fect diameter, 8 feet high, and from 24 to 3
inches thick, In this are four inlets 42 inches diameter each (only one being used). Upon this is a reducer 7 {feet
diameter at base, 3 feet 9 inches high, by 5 feet 6 inches diameter at top. Upon this the casting rests, containing
three ontlets 30 inches diameter each (two being in use). It is 4 feut O inches high by 24 to 4% inches thick, To
its top tho outer shell of the stand-pipe, 8 {feet diameter, is fastened, The inner shell, § feet 6 inches diameter, is
secared to the flange of a cirenlar opening in the bottom. The inner shell is 184 feet and the onter 189 feet high,
The latter is & inch thick at bottom to a height of 5d feet, § ineh thick for the next 56 feet, the remaining height
being } inch thick. A brass and composition check-valve, 12 inches diawmeter, is placed in the interior pipe.

L

. ;\
\ .
NN W
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PROVIDENCE WATER-WORKS—CORNISIL PUMPING ENGINE NO, 1,

The Cornish engine, of o capacity of 9,000,000 gallons per 24 hours, wag erected in 1876,  The beam, weighing
60 tons, rotates on au axis supported by a masonry-wall dividing the left-hand wing of the building from the
main part; total length, 35 feet. . Connected to the end in the wing is the steam-eylinder, 100 inches in diameter
by 11 feet @ inches stroke. The steam acts upon the upper side of the piston, and driving it down raises a weight
attached to the pump-plunger, and this in turn Ly its descent forces the water through the mains into the reservoir.
The pump-plunger is plain, 39 inches in diameter by 11 feet 2 inches strolke, displaces 605 gallons per stroke, and is
run ab about G to 7 strokes per minute. The pump-barrel is truncated cone-shaped, with the suction and delivery
valves arranged about the plunger in a circle, the latter above the former. There are 12 suetion- and 9 delivery-
valves. ‘They are double-beat puppet, 16 inches in diameter, with a maximum lLift of 1§ inch. The discharge-pipe
empties into the foot of the stand-pipe through one of the four openings therein, the other three being closed
until the remaining engines are placed. :

The air-pump is 40 inches in diameter, with 5 feet 5 inches stroke, and the spray-condenser 4 fect 5 inches
diameter Ly 11 feet 10§ inches long. The duty of this engine was guaranteed at 65,000,000 foot-pounds, but by

actual trial a duty of 90,000,000 foot-pounds has Deen obtained. : .
O
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The hoiler-house contains a battery of five Lancashire boilers, 7 feet in diameter by 28 feet long, each containing
two flues, and run abt a pressure of 40 pounds per square inch. Their average evaporative power is 8 pounds of
water to 1 pound of anthraecite coal.

There is room in the pumping-station for the erection of three more Cornish engines similar to the one already
in position, and sixteen bLoilers—eleven besides those at present used.

From the engine-house two iron force-mains, 36 inches diameter, couvey the water into Sockanosset reservoir,
1 mile north, The exact length of these two parallel mains is 10,084 feet, and the pressure atthe pumps is due to

L

a head of 180 feet. They enter the reservoir at the inlet-chamber on the southern bank. This chamber is shown
in the diagram annexed. By adjustable gates, arranged as seen, the water can enter the reservoir direct, or can be
discharged backward into the briek conduit connecting the inlet- and outlet-chambers without passing through the
reservoir, Thereservoir in plan has the shape of a pear, owing to peenliarities in the ground. It is 1,000 feet long

RESERVOIR AT PROVIDENCE, . 1.

by 860 feet wide at the base, with u water-surface of 10,9467 acres when full ‘and a bottom area of 9.5383 acves.
Slope of banks, 14 to 1 inside and out; width of Danks at top, 15 feet; depth from level of banks, 19 feet. The
sides are entirely in embankment, with a puddle priming-wall 4 feet thick at top and 8 feet thick at bottom, as
shown in the anunexed diagram. '
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The outlet-chamber on the morthern bank ; : . . .
supplied (v“u.%ﬂy to the mains Without entering the reservoir. The inlet. al;d’oust'let-cllffz be Walfel'mﬂy o
coml’m‘““.‘”‘l?s cach, a8 5_'110“'11- In the former the 36-inch force-mains from Pettaconsett (-‘m'eﬁ-s hf-ne three
embanliment, ferminato in sepaTats compartments, so that the water can bo sent iy the torroir ot divert iotg
the 900-foot conduitabove mentioned.  From the gimilar compartments in the outlet-cl?aml?ell* ﬁe{; ggumzi ;133(:;1;11111122
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()ITCDLET;CIIAMBER OF RESERVOIR, PROVIDENCE, R. L

to the city pass through thebamnlks, They are parallel, two in number, and of a total length of 59,076 feet. 1n the
city, at Matbewson streeb, one (diminishes to 24 inches diameter, crosses the river under Exchange Place bridge on
iron piles, and terminates at Xlopo reservoir and the Hope engines. - Ab Dorrance street tho other 30-inch main
diminishes to 24 inclhes, and crosses under Great bridge on iron piles; at Waterman street a 30-inch branch
- connects it with ITope reservoir.

ITopo reservoir, located in the eity limits, on Olney street; is irregular in outline, 950 feet long, 840 feet wide,
and 24} feet deep. Area of resorvoir bottom, 10,6 acres; area of high-water surface, 12.0 acres; area covered Dy
embanlkments, 5 acres. LTlevation at high water above mean high tide in Providence river, 162.5 feel; capacity,
76,000,000 gallons. The banlks have a puddle-wall 4 feet-thick at top and 8 feet at bottom, with section exactly
siwilar to {hat of Sockanossct, ag shown, and are 15 feet wide at the top. Slope, 14 to 1 inside and out. The
inmer face of the banks is riprapped with granite blocks from 12 to 14 inches thick. The main from Soakal.losset
reservoir enters ITopoe reservorizr ab the bottom, near the center. The watber leaves it through two chambers in the
embankment, one at the nortlhiarly and one atthe southerly side. These gate-chambers are provided with gates, by}
whicll water may be drawn from top or bottom. . . )

An overflow waste-way is constructed at the northeast corner of the reservoir. The force-main, during the
inactivity of the engine or dimminution of pressureé from it, acts, by means of the automatic valves, as a supply-
main, the gate at top or Lottom being opened. o ,

Hope reservoir, as befors stated, receives its supply by gravity from Sockanosset reservmrlmth an elemﬁpn
of 18 feat above high-water m arlk in the former, From one of the mains entering ]liop'e Teservoir the high-service
pumping-engines at ¢ Hope Station?” take their supply and foree it direct info the distribution mafns of the higher
levels. The engine-house is of Lrick, with granite trimmings, as shown in the annex.ed 111ustrat10nﬂ. Thtz coal
is stored in vaults at the rear. The engine-house is 73 by 50 feet, with a boiler-room in the rear 27 by fi"’ feet.
It contains two high-service ongines, automatically adjusting themselves to the pressure, varying at different

times in the day. Onme, erected Dy George H. Corliss, in 1873, is of peculiar pattern. The other was dﬁzsglgned by
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Mr. A. ¥, Nagle, and built by the Providence Steam Ingine Company, in 1876. It might be well here to say that,
although not well constructed as to strength, the Nagle engine has shown a high duty and has done efficient
service, The peculiar nature of the service required of these two engines renders it diffienlt to obtain a fair duty
trial of either, as the head or pressure against which they pump is ever varying.

The Corliss engine, of 5,000,000 gallons daily capacity, consists of five individual pump-cylinders, arranged
around a common center, with & steam-cylinder between each two, or ten cylinders in all. Tho connecting-rods
from the pistons of both the steam- and pump-cylinders ave fastened to o movable horizontal disk of steel, ab tho
center of the cirele formed by the arrangement of eylinders, as shown.  One complete cireunit by this disk represents
@ total discharge of 135.42 gallons. The pump-plungers ure 12 inehes dizmeter by 30 inches stroke, plain pistons.

Vi wariedd

IHOPE STATION.

The water-valves are made up of a large number of leather disks, 4 inches diameter, placed side by sido on a steel
rod, making a sort of leather rod, 4 inches diameter and 16 inches long, fitting into a semi-cylindrical cavity or seat
and closing itself by gravity after the passage of the water. Tho valve-chambers, two for inlet and two for
discharge, aro seen above and below the pump-cylinders, The steam-eylinders are 20 inches diameter by 30 inches
stroke, condensing the steam in a eircular-pipe condenser, 50 feet long and 12 inches diameter, extending almost
completely around the central pit.  This 12-inch pipe containg within it another of 3 inches diameter, carrying tho
cold water. The air-pump, with a diameter of 23 inches and a stroke of 8 inches, is located in a pit on tho left of”
the engine.

This pump underwent in 1874 a severe duty trial, and was found to work favorably ab a speed of o quarter
of a revolution per minute, and was tested to a velocity of 27 per minnte. It draws the water from the low-servieo
mains, as mentioned, under a back pressure of about 40 feet, and the average height to which the engine pumps
(calculated from the average pressure) amounts to about 80 feet. The duration of the test was 484 hours.

Average Delght PUIPEd e et et e e e e e e e s e fect.. B8R, 2582
Average number of gallons raised per minuto . .....oveooit oo oen aon et e eeeiaac e emaan 1, 424,7
Averago nunber of gallons raised Por MOT.. oo Lo i it it iee tes e e et e e aanaan 8, 482
Total number of, gallons Talsed QUriNg PN we e m e n et e e et e e e e e araaan s was 4, 145,877
Number of gallons raised at Bumno Tate PEr 2d DOUTS « et st it et ettt e o e vaas 2,001, 668
Trull capacity of pump firsb 24 BONIB « ot o et i e e e e e s gallons.. 2,064,535
Pereentago of lost netion of pump.......... N e e e e e et et e eiacartanenaaae s 3,36
Number of gallons actnally raised first 24 hours (dedncting for lost action of PUP)Y woim i cieneees 1,082, 633
Coal consumed per minule vo...ooooiue o N e et m e s amae rman eyt scnaaee e naa. pounds. . 4,02
Total coal consumed. ... .o il cein e e e e e avn a0 11,700
ASRES APOPPRA . e ac o ettt e e et e e e e e e e e e e L do.... 1,028
Number of gallons raised per pound of coal (full contents 0f PUMP) < v oeneoiaeee e e eee e e eeen e 354, 4
Actual number of gallons »aised por Pound of conl.. .. veen oy oot ot e e e e e 342,40
Cost of CORL PEX AL <. oo oL Lt il e it e e et e e e e e e e e e e $7, 362
Length of slroko .. ..ot o e e aeee i en . inches.. 30
Revolutions per minubo (AVErfEe) .. cv oo veevn et ce e e n e e e e e e et e e e e R 10,167
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LemPerTatire 0f Witor. co e v e ceie cei e e e e e e s Cemmaeean aoan degrecs.. 41
Weight of one gallon ab 419, L. Lo i ine i iaee cree ceay manmta sea e nan emee cees s DOUNAS 8, 326
Duty, calenlating resistances . o.oon vl ol i ii i e et wne e foot-pounds.. 25, 865, 740
Duty, actual water deliverod ab 410, oo iivu it e e v e veen e QO 25,176, 384

During this duty trial there was, at the higlher velocities, considerablo noise from lost, motion in connecting-rods,,
ete,, and o visible expaunsion and contraction of tho flat surface of the sides of the pump atb each alternation of the-
pistons.

The actual daily duty of the engine is given by the engineers ab about 15,400,000 {foot-pounds.

Steam is supplied from a single upright multitubular boiler, 74§ feet in diameter by 21 feet high, with 248 2-inch
tubes, 10 feet long, arranged around a central hollow, used as o manhole or waterleg. The average pressare is 50
pounds; horse-power, 140; evaporation, 8 pounds water to 1 pound coal,

Tho Nagle engine, erected in 1876, is showun in the elevation and sections accompanying,

50 -

It is o geared compound-condensing engine, with two horizontal double-acting pumps receiving their plunger

motion as shown,

B s g

NAGLE ENGINE.
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The diameter of the plungersis 17 inches; strole, 8 inches; total capacity of engine, 5,000,000 gallons per day,
with a displacement of 184% gallons per revelution. Diameter of pump-barrel, 24 inches. This engine is also self-
regulating to the pressure. The pump-valves,eight in number, four to each pump, two suction and two discharge,
-are brass double-beat puppet-valves, 1 foot 3 inches diameter. An air-chamber is connected with both the suction
-and discharge mains, as secen in the cut.

The engine has two cylinders, vertically placed—the high-pressure, 11 inches diameter by 42 inches stroke,
-and the low-pressure, 19 inches diameter with same stroke, the crank being opposite. The steam-valves are of the
flat gridiron slide type, operated by sliding cams connected with the rocking levers seen in the cut at top. The
~condenser is a column-pipe, 22 feet by 10 inches diameter, with an interior pipe carrying the cold water. The
-exhaust-ports connect with the main or column pipe at a point 64 feet above the top of the cold-water pipe within,
-and the fall of the water over the top of the cold-water pipe carries the steam with it to the foot, condensing if.
“The air-pump is 15 inches diameter by 18 inches stroke, of the drop-bucket variety, and can be seen in the sectional
~elevation.

The duty-trial made in December, 1875, showed that the engine was eapable of pumping easily 5,106,805 gallons
per 24 hours under a head of 125% feet. It actually pumped 2,000,000 gallons per 24 hours, giving a duty of
-84,637,245 foot-pounds for a run of 56 hours. The makers elaim 100,000,000 for it if pumping into & reservoir only.

The two boilers supplying steam to this engine are multitubular return-flue, of 12 feet length by 53 feet
-diameter of shell, containing fifty-two 3-inch tubes in each, and generating steam at a pressure of 70 pounds.

The Nagle and the Oorliss engines are run alternately for about one month at a time,

A system of 30-, 24-, 20-, 16-, 12., 10-, 8-, and G-inch pipes of cast iron, with a total length of 155,158 miles, serves
“to distribute the water through the city to 9,691 water-takers.

The total number of gallons consumed per day averaged 8,110,000 for the year 1879, the maximum being
3,782,000, and the minimum 2,384,000 per day. ‘

About 1,137 fire-hydrants are in use. .

Providence has probably had more experience with water-meters than any other city in the country, having
tried almost every variety made. The system of testing them in vogue is the most accurate that came under my
-observation, The accompanying schedule shows the number in actual use in Mareh, 1880 :

|
SIZES ! l
: |
Kind, . £ 1 2 | 4 | Total
Lingd 4 5 g 4 % % % || T \‘
B 2| B A8 8]E8 |
P e - i -y & & ;
Ball & Fitts, platon voveun, 2,684 | 4031 185 47 8 ) O P ’ 8,258
Ball & Fitts, rolary coceens fevmmonnadoannn. 13 14 2 & 3 87
Worthington...o.oueeenrian UL S0 PRI PPN D reaneelranans 1 1 105
Trales, Jonks & Son8 cvven.. 893 | 214 | 29 3 IL]...... 3 E 670 :
Totalieeensvanncucarnnsrnas B, 071 7({7 160 64 21 ] 7‘. 4,048

The annual cost of maintenance and’ repairs, exclusive of interest, is about $74,000. The total cost to date of
~January, 1880, was &5,442,179, The cost of construction is given in detail in the accompanying statement:
Iope reservoir:

Sockonosset reservoir—Continued,
B 1 PO 117,828 88 TFor improvoment of grounds...covvenene care cans $13,613 13
For 8undries ..o, oviv e st e e 1,813 G0 S ) 3,235 04
For Tabor s een cnces e cmne crme cnrece amnaaans 6,828 65 || Lincoln reservoir, for land oo iiveer ceanuecnns cnns 2,046 54
For gate-chamberg. ..o ovioii it it iaianinnnnn, 11,567 48 | Line of leading mains:
For gato-honses . oo vovevncvcs e nir vamere e 3,224 00 For 1abor and materials. oo v veeear sennnn cannnn 14, 950 30
For drain ....... it iaitmcaaiesaee e e 1,047 31 Tor extrn trenching, ete voaveevevavs coiinnvnnnn, 472 45
For Ingpeetion.comey cive veseeraecves cavecs aemaas 8,614 26 Tor land and damages cove e oin iiiiiiiinaiunn. 1,065 00
For conduib oooen i i i e eaaas 3,746 18 | Force-main line:
For slope-wall.. o n cueimresvee o ciecns ceeee ann 43,127 81 For land and damages ..., ..o ... Vemaes s 3,000 35
0 Y T TSP 3,103 33 For labor and materials.e..e ceer voamre venmneranann t, 605 20
Tor iron railing «.eeeeuncoiiiin it 1,418 81 PPor extra trenching, ete ..o viveeniiiinniinns, 332 66
0D S T 1,482 18 | Ofilce furniture, stoves, gas-fixtures, ete -« .oovvne .nn. 1,300 95
For improvement of grounds.... .iovivee ceun vunn 5,418 28 || Ront of 0ffICeE vvereeicrms e cevenesnmaer s rannes 2,87 00
“Hope engine-hotse «oueerevsete vecers canven canenanes 103,462 20 Books, stationery, etc........ e e aee e nen.n 667 5O
“Bockanosset reservoir: Fuel and Hghts. oo cau ciee it it veeees . 235 10
For construetion.-ovvoveveniio i iciiiiies 177,870 72 || Torse-hire by commiSSioners ... oo wmeneeeeeoenn e, 19 00
TFor sundries. aveee vener il i e 124 45 || Traveling expenses of commissioners veveeeeecnun... 161 92
For Iand cconoiimar i i it e e e 14,305 36 || Janitor of rOOMIB. . crae caeaae i i ae e tanes 484 51
For gate-1ouses wae.voeniueii it i, . 18,641 95 || Commissioners’ Salaries cuvees ceen cuvceesrnrcucnnnann 22,042 18
For drain meen oo e e i e 3,500 01 || SBecretary’s BRLATY .moeey ccocms cran cacn cmmcnase e aaana 2,866 62
Tor inspection .. cuevveeeviione vonninann vet cmeaen 6,819 18 || Clerks’ salaries covvesveevne cnncun. eenn Can e aneaan 4,186 63
TFor extra work and mulerials..covevvunesoonn... 189 70 || Sundries sueuee veemes it cia atcee et n s 602 49
For gate-chambers voveas cereanvevecmencnneanns 19,200 27 I Printing cev ccericivirnere snnnean heteem e eenar e 2,975 40
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PUMPING THROUGH STAND-PIPE—SURPIUS TO RESE RVO]RS 7

AQvertising cvoeoemeeriii e aes 1,085 38 | Carting DIpes. oo ienis cvirt viiinr s ceee e eee. $40, 301 87
Fences vouooe ool inan Y 2,075 38 || Connsel fees oo rr i it e trimar i ra i 5,600 00
Rent of wharves and pipe-yards ... oo ciai Lo 7,102 7 Inspeetion of PIpes oo cininn o i e 10,312 23
Stop-valves oot o e e e 74,504 18 || Testing bolts and composition eagtings ..o ooen e 34 25
Linking eurved PIpes oo oo iiin i e aaas 2275 L.n ing w .m\: 1)1])(.' .................... A, 406, 226 18
Storo-lionse and Work-sRoD..ooen cvveecaiiir vian cans 1,209 64 32,644 24
LOOLH veenne v sarscamaeamcnc crnenananancmnane anne 11,31 &4 &5 00
LADOY ON PIPES v amm caeaat iiiaes teeen emene n s 15,065 80 1‘)1':1iu:lgu pumyp uu(i mtgino ..... . 5,110 72
Cast-1ron Water-Dipes . coeet coan i in i i 1,832, 967 10 | ILydreants for strect-sprinklers, ote 2,639 50
Specind enstings ... ... Cereesimeae e e 108,688 79 || Inspection of pipe-laying vveovieiniiiiinnan it 33,968 14
0 T 1,676 30 || Tewmporary boarding-hiouse at Pettaconsett ... ... 1,433 23
Fire-hydrants .o i i i e e 107,640 46 || Publie drinking fountains and troughs oo oo oonou 3,701 20
Sockanosset il ¢ 1()%3-1‘():1(1 ....................... 3,800 38 | Warwielo test-pits cooniomniiiie i, 1,313 40
Tolegrapl JeS. .. veeves ciii i i vreren rerean s 2,202 17 || Engine-honse at Pettaconsett, for deain ... vaiiiie. 2,132 37
Dwelling-hounses .LL Tetine onsulb .................... 10;080 63 |} Water-meters set, belonging to the eity..ooov ool 1, 208 7R
Culverts and bridge on line of force-mains........... 4,776 38 || Worthington pumping-engine. . 36, 52 W
Culvorty at Pettacousett ...l B . 3,067 02 || Tlope pumping-engine ......... 63, 104 67
Real estato in Warwiek. oo v o iiiin, 11,883 86 () Coenish pumpIng-engine.coe vt veee e cieeaninneen 11,545 47
Water privileges, mill, and other real estate in Paw- Keeper's houso at Sockanosset veservoir cooeo o veann. 7,088 84
BB v e e c e e e et e ey cnen meaa e 45, 50765 Lipo in river embankment at Pottaconsett....... ... 4,067 82
Pettaconsott pnmping-station, forland ... .. ... ... 25,002 41 || Inspection of engino-work .oooovvnnveiivene s - B,R7 08
Poehasset DEEe «ovvrn i it et 6,600 82 || Alterations at ITope pumping-station for second en-
Wharf aluried «ooeencorn miee e ieee e eneanen 11,63 46 ;.ylnu--.. 781 6Y
Temporary engine-honse ab Pettaconsotb.. . .oo..oo.. 0,83 &7 || Testing second engino at ope pumping-station ... 4,770 62
Rouds, slopes, cte., at Pettaconsetb.. ..o .oooieoan 12,060 30 || Draln-tiles c o oot i i iiiinr virii tai ci e anas 480 79
Engine-house at Pettanconsetb voeveeon i, 310,570 H1 Doilers for Cornish engine ‘ ‘ 9,440 08
Natural filfer-Dasin. .o .ove oo iiiiar v cvcnneas 41518 35 || Stand-pipe ab Pottaconseb...coo v i ciiionnns ’ 956 89
Removing loam _....... ewrenes e ke ween Al 95 ‘ : e e
TPOW BELOW-PHIUS - evvn it cans cmcoms vven aeeeceeeranans 8,760 46 4,019,733 13
Ty @rantDOlES - oe e veee cemnveer amas ece ceie vmnmennans 1,940 73 || Engincering department: .
BT 14 1,983 70 Tror instrnments co o ceevin veimi i e e 3,452 34
PROtOZTADIIS <o 0 vmeren e ceeeee e i e e s 38 95 TOOI8. ceeneemunn aeae e vr e ereanaenan e ennean 736 87
Hydrant-heads ... oo oo i e aes 7,511 51 Furniture, stoves, gus-lixtures, L 2,803 02
Tapg and BEOPS v uvear s dae ceie i iiiee st e e e 10,230 83 Draughting ....... e e e ana e, 3,528 62
B e T Y 0,370 7 0L e v cen e ceee tvec s nnvs cumnr s annnan v sea s 0,945 63
Serviee-1ipoccee vene cau r e e d e s s naas 50, 682 43 TTorge and Wagon ReeEUNd . ae e e ceee e eaavnnes 2,814 G5
Hydrant-Boxes ..o ueeee i i v aees 30,191 G Lorse-keeping, shoeing, ote..oovvoiianeiiiinas 2,848 04
Setting fre-Iydrants, .o coeece e veians vnnemeeinennn 10,774 48 Tlorse-Iire. ccvee cviainnnn. et etannn s R S5, 480 65
LTS ) O S U 3,719 48 | Lient of offices ..vvannn. Cwamewesrieaase s takann 7,081 87
Valve-DOXEB cven v e ciaines ey e e e 34,550 42 Jraol and liglits. e e e oo et e e 749 83
Air-cocks, boxes, covors, and setting cveeet ceeeve vaes 027 02 Janitor of YOOME ..o veii i il s 1,308 76
Setting blow-ofls ...... e raemnn v e eamananan, 3L 49 Bxporimental fHEr. oot oiin i e 01 08
Lobdoll & Nowmang,.... e sien e PP, 188,085 00 {| © Books, SEtLonery, ee .ovee st vrmrnrvieeniannns 3,619 ()4
A, & W, Spragne Manufacturing Cmupuuv .......... 2,500 00 BONATICY oo retiminvmmeasrmer e remrsmamnnransaes 3, 802
Samuel My Gray .voeve vauee s cammcarane ecnscrecans 300 00 Test-wells onenns o- e rr edmae reae aauane i ,.119 40
Paulding, Kembls & Co .......... e tmeeae e, 109,265 b4 Congudtblons oo v i e vaee e me cvnamn e #2708 |
Thomas PhIlips & G0 oevvuevnn i i veieneeas 4,283 84 Offico building at l’uttnconuutt .................. 5(57 G0
JIMes GIASH 40 enens civmee caet e s e e < 4,495 #6 Office building at Sockanosset veservoir ........ 563 2R
Providence Stenm-Lagine Company. ...... o ... 47,062 91 Btalees Al SEEDY crcansiiniii s i 1,318 24
Rhode Island Tocomotive Works..oovevsinconniiaons 30, 145 71 Prnting ©oeeei e e e 671 48
Architectural Iron Works e veve oo cien vee vnns ‘ 30, 620 35 18 LT LT 179 17
Trrench, Mackenzio & Clo.ocveeioiiiaeaaa. e emea- 3,150 00 Suwu'v-]upu u\purmmuta.. e yeenenen e e 206 04
Wenscott Reservoir Company coeeee vvmeniaeameanaes 44 45 Tomporary assistanco.........o.coe e nenare s 11,168 88
Akron Sewer-pipe Associntion cooer e conaii ot b 85 SALARIOE e vmae v ammnn mmronn anmans soas mmen nnen s 08, 904 50
- Sower department, salarvies and offie oxpenses. ... ... 700 03 ‘ e
Ciby EPCABUTOY venewe vencne vannas et aearaeaaa s . 882,012 39 - 104,144 05
Ciby treasurer, for water payments...co.ovve cenns.n. G4, 374 12 SR
Testing Pipe iXon < c.ov vcenanenan v eaneae aeann 443 50 TOLAL eeeme vemmvnaae cmmen e e 6, 084,182 18
Iron drain-pipes and gato ..o ooveitiinnin innnnr oois ' 24 2], : EE————

The annual rainfall at Sockanosset reservoir varvies from 45 to 50 inches.
The analysis of Pawtuxet water gives tho following results:

Graing por gallon,
R
R ;11

Minernl matier ..oooooioi il ol
Organie mabter «. oo iian i iiicr e o

R Ty ) L i PO PRSPPI .+

This compares favorably with that of the principal cities in the East.
The water-works are under the general superintendence of Samuel M. Gray, C. B, city engineer, and the duect
supervision of his assistant engineer, Mr. It B, Weston.
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5—PUMPING THROUGH STAND-PIPE TO RESERVOIRS.

NASHVILLE, TENNESSEE.

This ¢ity, on the Cumberland river, and on irregular ground, contains a population of 43,350 inbabitants, and is
chiefly a commereial eity. The manufacturing interests are small. The streets are 1aid out at right angles to each
otlier.  Ifrom the river the banks rise sharply to a considerable elevation.

In 1832 a supply of water was introduced from the river by pumping through a stand-pipe into a small
distributing reservoir on oune of the highest hills in the vicinity, and now included in the city, the works being
under municipal control.

The pumping-station is located on the sonthern river-bank, within the city limits, and derives its supply
through 12,000 feet of pipe, 36 inches diameter, from an infiltration gallery located farther up the river, on a low
island in the midadle.

The construetion of this gallery is unigne. It is 152 feet Jong, 6 feet high, and 10 feet wide, filled with stones,
and ig, technically speaking, an infiltration gallery. The island on which it is built is a low.lying strip of sand a
few rods in width and 100 acres in extent, and the river-water pereolates through its banks into the gallery.

“The latter is thos constructed: A couple of 18-inch iron channel-beams arve placed vertically one over the
other, and united by vertical iron rods placed 2 hiches apart and fastened to the flanges of the beams, To prevent
longitudinal motion the upper and lower beams are braced with ineclined struts, like a truss-bridge.  The depth
between the upper and lower beams or chords is 6 feat. Another similar coustruetion is placed longitudinally
parallel with it in tho same trench and 10 feet away, Acrossthe top of the two thus placed, ivon rails are put cloge
together, forming a roof to the gallery, the whole of the interior being filled with stones, To prevent the side
trusses from being forced together, iron tubes 10 feet long and 2 inches in diameter are placed against the inver
flanges of the upper chords and held in place by 134-foot bolts passing through both flanges of each chord and
through the tubes, being fastened at the ends by nuts.

The lower chords aro likewise kept apart. The whole construetion is 25 feet below the surface of the island.
I'rom the lower end of the gallery thus construeted a east-iron pipe 36 inches diameter is taken as shown in drawing,
which extends to the pump-well of the engine-house, 12,000 feot, resting oun the river bottom for its whole length.

Top view.

T

il

[LTTEL

< D) >
BXD VIRW, SHOWING OPRYVING FRONT VIEBW OF HUD CASTING,

FOR REDUCER,

The engines are three in number—two of 5,000,000 gallons, Dean duplex, erected in 1877, and one 4,000,000
gallon engine by Nashville Manufacturing Company, in 1854, which is nearly useless. This latter, which is similar
to the horizontal engines in tho pit of the low-service engine-house at Cincinnati, is a high-pressure single-cylinder
engine with steam-cylinder 24 inches in diameter, two pump-cylinders each 13 inches in diamoter—stroke of former,
8 feet, of latter, 6 feet; fly-wheel, 24 feet diameter and 12 tons weight; steam-valves of double-beat type. The
pumps are vertical, sitnated in the bottom of a deep pit, and when used run at a speed of 18 revolutions per minute.
The pump-valves are circular, 14 inches diameter, free lift, two in inlet and two in outlet; each weighs 78 pounds.

' 59478 :




PUMPING THROUGH STAND-PIPE TO RESERVOIRS. 79

The Dean pumps dre coudensing duplex, two cylinders to cach, 34 inches diameter by 26 inches stroke, operating
two plain piston-plungers 18 inches diameter by 26 inehes stroke, run at a speed of 30 revolutions per minute, and
connected with a jet-condenser 4 feet square, The air-pumps, one to each engine, are 15 inches diameter by 12
inches stroke. Steam is admitted by slide-valves operated by eceentries. The daily duty of these pumping-engines
averages about 40,000,000 foot-pounds, but has been run as high as 63,000,000 on a duty trial with poor soft coal,
a duty of 60,000,000 having been guaranteed by the makers. They are placed in the bottom of a deep well, and
aro shown in the accompanying cut. ‘

i

i

DEAN PUMP,

There are eight Loilers, in two batteries of four each, 16 feet long by - inches in diameter, with thirty-six 34-inch
tubes in cach, burning poor bituminous coal, and maintaining an average pressure of 60 pounds for the Dean engines
and 90 pounds for the old horizoutal engine. Their evaporation iy given ab 84 pounds of water to 1 pound of coal.
The old engine cost without boilers 857,000, and thoe two sets of Dean amounted to $26,000. The former is now
used only as an auxiliary. From the pump-house the water is forced into the reservoir through 420 feet of 36-
inch cast-iron main under a pressure of 110 pounds. v

The stand-pipe, which is connected with this main near the reservoir, is o plain cylinder of wrought iron 36
inches diameter, %-mneh thick, and 115 feet high, with oune inlet and one outlet 86 inches diameter. The wholo is
inclosed in a square brick tower 15 feet square at baso by & feet at top, and cost complete $42,000, By an arrangement .
of by-pasg and valvoe the water may flow from the stand-pipe inte tho reservoir or supply-mains divect.

The reservoir is 185 feet square in plan, and is divided into two sections by a masonry wall 3 feet thick. Its
upper section is but 11 feet in depth, while the lower is 21 feet.  Tho walls are of masonry, perpendicular on the
inner face, sloping 12 vortical to 1 horizontal on the outer face, and 4 feet thick ab top; capacity about 2,250,000 '
gallons. Bottom of clay covered with masonry, There are two effluent-pipes, oue from each division, which unite
into one supply-main immediately after leaving the reservoir,

There were, in December, 1880, 421425 miles of cast:iron distributing mains from 18 inches to 5 inches in
diameter, supplying water to 5,000 takers, with a consumption of 3,756,000 gallons per day. Two hundred and
five hydrants arc in use, of which perbaps fifty are Matthews’ patent and the rest are of home manufacture.

The first cost of the works was $100,000, and total to date $1,371,789. The total expenses and receipts from
1832 to 1880, inclusive, interest not included, were, receipts, $1,215,227; expenditures, $1,371,789, The annual
expense of maintenance and repairs amounts to about $26,000.

The city engineer, W. I, Forster, has control of the water-works.
‘ ‘ ‘ 596



80 WATER-SUPPLY OF CITIES—LOUISVILLE, KY.

LOUISVILLE, KENTUCKY.

Lounisville is on the south bank of the Olio river, 387 miles above its mouth, and contains a population of
123,758, Its interests are commercial and manufacturing,  Chief among the latier establishments are distilleries,
Dbreweries, tobaceo factories, and founderies. The site of the eity is a level plain about 70 feet above low water
in the river. The streets ave very regular. : )

Under the anspices of o private eorporation a water-supply was introduced in 1860 Dy pumping from the Ohio
river at a point about 1§ mile above the city limits, The eity, having purchased a Iarge portion of the shares
in this eorporation, is represented in the management of the works. ' :

The water is taken from the river by a wrought-ivon pipe 50 inches in diameter, with its outer end supported
in a erib. The latter is rectangular, of timber filled with stone, and is 70 feet long, 32 feet high, by 124 {eet wide,
Its end is parallel with the current, and contains the inlet-opening, which is protected by a coarse grating, finer
ones being placed in the pump-wells,

The mouth of this inlet is 5 Ly 12 feet and 1 foot below low-water level.  From here the water is conveyed 300
{feet to the two pump-wells beneath the engine-honse, They are rectan gular in plan, of masonry, and 8 by 22 {eet
by 11 feet deep.

Owing to defective construction of the crib, stoppages occurred {rom the clogging of this inlet-pipe in 18066,
1874, and 1877 ; two from the deposition of sediment in the inlet and one from foating leaves,

“Trom the wells the water is pumped into a stand-pipe by two Cornish beam-engines, designed by Theodre It
Scowden in 1860, and built by Roach & Long, of Louisville. A sectional view of them is given in Knight's Mechanical
Dictionary, p. 1828, and a view of the valve-gearing in front of the eylinders is also shown.

The engines are alike, and have: Diameter of steam-cylinders, 70 inches ; stroke; 10 fect; diameter of pamp-
plunger, 36 inches. ’

The steam-valves are of the ordinary Cornish double-beat type. There is but one plain plunger to cach engine,
and one receiving water-valve, of the Iarvey & West double-beat pattern, The discharge-valves are of tho Sa16
pattern but smaller, and 36 in number. The former is 43 inches and 32 inches dinmeter of seat, with a lift of 1§
ingly, and the latter are 6 incles, the lift being § inch,

“The engines are run at an ordinary speed of 8 revolutions per minute, and are of 7,500,000 gallons capacity
cach, The record of their work during 1878 and 1870 is given Lelow: '

1878, 1874,
Number of pumping days cooovvemcis cvnnnsn mee hmeamaeee v emamna e tem s i) 363
Averago pumping timo per day ...... U honrs.. 18, 23% 20, 06y
Total pumping time per year ....oovovvnnvinaen. P N | 6, 630, 25 7,881, 25
Potal numboer of engine and pump-strokes PEr Year. ccooeoen e eaes sanetmnaaemann, 3,142,300 3, 501,108
Avoerago number of sErokes Per MINUEG oo vart iiem sarmar i e ' 7.87 8014
Coal congumed . ...... het emmuasaseesasame ammmae o mas semm s mmaa e pounds.. 4,734, Gy 4, 0G4, 335
Ashos, cinder, and elinkers. .o, ooeeen.. e s temmne tmaamaaeenee e ma mne aavn do... 320, 861 383, 6356
Quantity of water pumped ench year. oo oo v iiit it e e aallons.. 1,649,757,376 1,834, 128, 030
Averngo height of water in stand-pipe above low water inriver coervveonnanns feot.. 152, 00 152,75
Averggo slage of viver above low water ... e remanreanns Ciernme v anen nranes do .. 6. G0 5,57
Averngo head ngaingst PUmPs cuveveniroan i e e e et Namuer amman matene do. . 145,35 147,18
Annual engine duty in pounds of water raised 1 foob high per 100 pounds of conl.... 42, 209, 481 455, 449, H0G

BEach pump has a jet-condenser 32 inches in diameter and 9 feet long, with an air-pump 32 inches in dinmeter
by 6% feet stroke. Thetotal cost of the engines and hoilers was $117,000. The daily duty averages about 45,000,000
foot-pounds. There are two batteries of three Loilers each, of the old Cornish pattern, with ono 45-inch flne. Thoy
are 30 feet long by 6 feet diameter, with an ovaporative power of 84 pounds of water per pound of coal. The
latter is the best guality of Pittsburgh coal, and the pressure averages 25 pounds.

Trom the puwps the water passes into the stand-pipe o few feet from the front of the engine-house, Thisisa
wrought-iron tube 48 inches in diamoter and 132 feet high. Tts top is 196 feet above low-water level, and the base
of tho foundation -is 22 feet above the same plane. Thickness of metal, from § to inch. Thirty feet below the

“top there are four 20-ineh pipes branching from the main one by means of elbows and expansion-joints, and descending

to the base. The water overflowing from tbe central 48-inch pipe into these four pipes supplics the distributing
main direet, without passing through the reservoir. The wholo construction is encased in an ornamental wooden
tower painted white. The cost was about $60,000. In detail it is described in the eighteentlh annual report.

Of distributing reservoirs there are two, one built in 1879, the other in the early stage of the construction of the
works. The latter is situated 3,650 feet to the south of the pumping-station, 1t is 178 by 375 feet at water-line,
with a total depth of 24 feet, and depth of water of 10 feet, the top of which is 141 feet above low water in the river.
1t is divided into two basing by awall. Through the center of this wall the 30-inch foree-main from the pumps rises
and discharges the water from a bell-shaped end. A second 30-inch main discharges into an influent-chamber, and
passes into the reservoir over a weir. The banks slope 14 to 1 on the inside. Springs in the bed and under the
smbankment have caused considerable trouble from time to time. In 1876, a sediment of 5 feet depth which had

“accumulated in the course of several years was removed by a system of hydraunlic mining, the same as at Saint Louis.
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PUMPING THROUGH STAND-PIPE TO RESERVOIRS. 81

The needs of the city requiring a new one, the Orescent ITill reservoir was completed in 1879. It is 2 miles
from the stand-pipe, with whicl it is connected by two lines of 30-inch east-iron force-main. In 1879, the frst and
second pumping-mains to the old reservoir were almost entirely taken up, and the supply-mains from the two
reservoirs were connected, The water-Jevel in the Crescent Hill basin is 175 feet above low water, and, therefore,
34 feet above the level of the old basin, It is trapezoidal in plan, with embankments of carth faced with 3 feet of
puddle; slopes of 14 to 1 interior, and 2 to 1 exterior; 21 feet width of banks ab top; a division-wall rising to the
level of the banks, also 21 feet wide, and having both faces puddled. The total depth of the basin is 24 feet, and
its eapacity 100,000,000 gallons. Tho average head of water in the eity is 110 feet, and the maximum 175 feet.

The dunenuona of the two basins forming this reservoir are as follows, measured on the bottom: One basin
is rectangular in plan, 5804 feet long Dy 518 feet wide; the other is tr apezoidal in plan, 580 and 640 feet long and
518 feet and 530 feet wide. There arve three chambers in the well beneath the reservoir gate-house, the influent-
and efflucnt-chambers being united into one. The first takes the water from tho pump-mains and discharges it
over weirs into either basin at will, regulated by stop-gates. The seecond chamber is a dry well containing stop-
valves, ete.  The thivd delivers mto the three supply-mains, 48, 48, and 36 mche.s, respectively, in diameter.  Along
the foot of the embankments, opposite the gate-house side of the reservoir, is construeted a brick conduit, 60 inches
diameter, with a 60-inch stop-gate, where it passes through the division embankment, and terminating in an open
end half way to the end of each bdsm. This is merely a cireulating pipe, Water is foreed by the pumps into one
Dasin, and, crossing to the opposite side, passes through the cireulating pipe into the other basin, thence back to
the oﬂlucut chamber, Itisa very cconomlcal arrangement. ;

The subjoined table shows ihe length of pipes of all sizes for the supply and distribution of water, laid up
January 1, 1880:

Linoar feot,

48-Inelt svvevannnn iinne T e beraes e S ememee Cremees e reaeas . 474
43-ineh ..... P,  rerase anmmesenmon maemaneann e emee R, dre e tnr e 49
B8 5 Y PP IR G Ceees 12,7806
B0-E0EI ce e et i e et s aa e e mat eme e mme it eneaen e s e e ane Ceeeann eaaans 45, 047
VS 11T | S PN Ciames wmnrmmasrenn mes e R, e mas amar nm e raau means cbua s anane res sers 26, 378
T0-INCH co iy cein caa v rmnae tee e e D aneas ama s ene e v 37, 038
12000l cene i e e e as rmmnn b eeas rEEALs et sene maus srnm e aneans emeneedsaraamnn ey G, 400
10-inel -.... e Amnnateeuann aonaaaneaaae Crre e evmaan . 10, 386
235 1 Y1 1 U e e anneaeans 30, 756
(5 FH10) ) S . mesmneune anea ey aan e e ematemrmaeaensenaunraaae 165, 880
[T 35131 | et v dawen raenas e amamm . e [ e 17,976
BdT0CIL o s em s omes vemmmn et nman kmem mmee e e smmmmn savnae menk sann aann ammaes tansonee eveesnraernanneanes 12,010
2inell vo.... veweee menn  ieaen b reerereneaen b ey e e mut memcnme e amsany cheaaanne e mrenan 201

Total feot.. . .oevenn  nememmae teaan  eemmmeeertmacantnan nae e eeeeame tesent 074, 607

Total miles cceevncean.an reee v e  remmeaa e e ey e b eean erua e naes araneaan 108, 844

About 3 miles additional pipe was laid in 1880, making 111 wiles in all,

The consumption averages daily about 5,500,000 gallons, delivered to 7,600 consumers.

There are in use 30 hydrants, mostly of Matthows’ patent, and about 350 fire-cisterns.  The Jatter ave cirenlar
Drick wells beveath the sarlace of the streets, containing from 100 to 500 barrels of water each, and so arranged that
a fire-engine suction-hose can be readily dropped into them, They are connceted with the mains by a short tap.

Three hundred meters of the Worthington, Union, and Gem type are in use.

The cost of the works as oviginally ooustructul amounted to $837,000, which lLas now increased to a total of
$3,905,000, as shown in an itemized statement given below:

Cost of works to January 1, 1880,

Real e8EAt6 «veve craaeaceie cen femes fe e e e e es e e man s . #101,033 16
Inlet and Tiver Works ceeeeeeeee nannns veuns e e maeana tmanns ey e emmans are - [ P 38,279 00
Bugines and pnmps ... eeeeiire iiianiceaniaenan Gmmeeteseannraanae e e ueeantmaraesenasus nans 187,784 92
Engine-house, chimnoys, elo.ooooooeoaean. e e eee e e et aen aame e [ . 125,180 62
Stand-pipe and tower c.eueiiiaii i i ens e mn emme b et e ey e eear e - 50,085 76
Coal-houses..oomn civveccnvinnn e e mae aene e erererr e 6,415 41
Improvements around DUIIINEE . cc. o orireivas e e ceeeareemar e beme e srme e geba s e s e 23,364 66
Roservolr Noul coomrr v cnec e vnnan e nr aaee acmsumeaca memasamo et aaann rememr seesenaaesanan 89,411 13
Creseont ITH1L reSeTVOIT- s veerevecane vevtimmoas conmns snanan e e m e s o mmn e amamme maamature ey e 509,631 70
Reads, fences, and improvements of grounds.....cerecnnnnens heeena e heenramane ot Avekeaone 47,152 39
Pipe system . ... conn.s aeet mene tersannaaa f e nee ammeeancme aeeamnan D 1,937,460 03
PADO-TAY v ves memmsaaenen vammnesnmnen pman i e e e vaan e s e et evveaeee o 82,740 78
Oon‘tingént BXPETIBCT e v v saar sun e mmun remmtamman et amame s tnme emae e, e maneraaane GO 964 05

Expeuses conducting works ...... A eeemnvmmaaa .- emenetrae ey . 72,028 15

Harrod's Creek Precinet DO HhX oot cveuot crae sewnenaain anmnas ssassncmmesoss mmes mamesnes =sns saamus 1'* 050 00

";, 005, 03L 06

097
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The cost of waintenance and repairs for 1880 was about 842,000,
The annual cost of maintaining works, and revenue for 1879 is as follows:

Interest on eity water bonds, paid by eity ....-... B S eemmiartame s nca i aaaas .
Interest on company water bonds, paid Dy wator COMPADY. voeemee ceeeiiiis e crreaacnaneenan .
Total interest on Lomds per ANNTIN ..ouus ietvrecmcineirnrnan smane  meeedmmmwr reeasaeanranre aaeoan
Expenses conducting tho works per annum .._...... et ey e eereemenr e amma e
Repairs and contingent cXpenses POl QUITIL . «uuvee o ove vennssaes cucmansuen snes maos tasmss carmnaonnn
Total cost of maintaining works per annum....oei e aina.s e e e eme e e e aaan
Revenne Per annull. ..o vt oir cieeaeacas teammscamman tenan e e e eea e amameeeaaeay
Iixcess of cost for maintaining Works over FeVeNNe. co oo e oot ian i i e e
Interest on bonds per 1,000 gallons of water distributed.. oo vov it iina.... B
Expenses conducting works per 1,000 gallens of water distributed ..ooov oo iai
Repairs and contingent expenses per 1,000 gallous of water distributed . .oves veeortiiiiiincnnnnan,
Total cost per 1,000 gallons of water distributed ..o oeivun i i et e,
Revenue per 1,000 gallous of water distribubed. ... oim o oo it et e e v e [

The water as derived from the Obio river is almost always very turbid, but after subsidence in the reservoir

is much improved. No analysis of it seems to have been made at any timne.
The works are ab present in charge of Charles Hermany, C. 1L, as chief engineer,
598

$82, 580 00
h5, 080 00
137,660 00
40,218 37
5, 856 00
183,734 37
176, 007 45
7,034 02
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6.—PUMPING DIRECT TO RESERVOIRS.

BROOKLYN, NEW YORK,

Broolklyn, with extensive commercial and manufacturing interests, and sifuated on the casterly bavk of the
East river, has an area of 20 square miles. It is generally elevated above the river from 80 to 90 feef, about 14 or 2
wiles of its water-front being a bluff 70 feet high, overlooking New York harbor, Toward the northern lmits
the land slopes away to nearly tide-level,

“1ts population is 566,663, There is little regularity to the plan of its streets, Towand the eastern limits of
the ciby, parts of it attain an elevation of 100 feet, upon which thie distributing reservoir for high servics is situated.

In 1850 a supply of water was introduced into the city by a combination of pumping and gravity, The supply
ig derived from a suceession of small ponds and lakes at-distances of from 4 to 12 miles from the eastern lmits of the
city, which ponds and lakes draw their supply from the great water-shed of Long Island. This is o ridge, extending
from ove end of the island to the other and sloping gently toward the ocean, of sand and clay soil, containing
Lowlders, Iempstead Plaing, lying in the western end of (his slope, furnishes the ehief part of the water used for
supply. They are sand and gravel, from & to 15 miles wide. On a ridge which separates Hempstead Plains from
the city, is situated the storage or the Ridgewood reservoir, at an elevation of 170 feet,

The ponds and lakes mentioned average from 4 to 8 acres in extent, and are from 8 to 10 feet deep.  They have
been formed by obstrueting the flow of the varions small streams by earth daws, through which small Draneh
conduits convey the impounded waters to a large main conduit, extending from the most casterly or Tlempstead
reservoir to the pump well at the engine house. The different streams are ag follows:

i

- -
EOJE | &
3 2 L2 ]
B as o
Streams, g &3 &
g |8 7
bt & 1]
) Feet. | Mil, pals.
Famaieit CreeKeeeeraaennaans 18,75 8 6. 00
Nosteand's ereek...... P 16,45 13 1. b0
Springlield creck. .. 5.75 10 0.257
Simonson's creelk, .. - 10,00 15 4,00
Shaw's ¢reck . -eeve s - 17,28 0 8,50
P, Cornell's crevk ... 13, i 2 2,00
Iino's etedk voevevvcnnnen 20,95 0 2,00
L, Cornell's orenlt cowenn ..., 21,00 10 8.00
Seeley's creek . ... 23,00 4 0,25
Baldwin's oreek. ..... 23,85 1 0,35
Miliburn's ereck ..... 23,75 7 2,00
Smart's ereel .. ooiisvoaan, 25,50 | 18 5,00

ROV AR PO NI PPN ——

After the construction of the dams u dry-season measurement of the strenms as consolidated gave the following

winimum flows: Million galls.
Jamaica stream delivery ..... o P 3.3
Brookfield stream delivery .coee. oottt ciiait ciiia i aaian s a oot e te e eesaan amesamre Aran e asan 2,0
Cloar Stream QeIiVEY . uecr tovias te et caat sui s rmrt st cat e et e aaes aaneaaas sen rens sner e e e aver et 0,8
Valley stream JolVery coeu voie oam et et ceie b it ine ot sommes cah aman semede smman nnmean peneae s Ceree e 2.4
Rockvillo SETeRI AeHVEY «oen tot s e cern tee e amane camaet ey e e an el vaeean smar twmee s eaeeieaden e 8
Hempstend SEream elIVOrY coumer v imes vereen tconyr camcat semeveaaa s reine anemns mmnsmtsamoee ta ey anas narn o 85
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i

The ten ponds formed and in use at present have a total drainage avea of 60,23 acres, and are known as follows:

B s g
@ Basin. i §:i ? . Ea g ‘é
e 2] 1 3R
- B A 3 3]
Miles. | deres. | eet, | ALl gals, | Feel.
Jamaica roservoir.......... 5404 40.00 | B [o.veiaen.. 7.00
Springficld pond ......... S e
Cornoll’spond. .vvae caaens [N PP
Drookfield reservoir.....-.. 7.9C6 8.76
Clear Stream reservoir..... 8771 107
Valley Stream reservoir. ... 9.708 17.78
WAtE'S PONA e et cieiiin Jeeeninveaeinciroees
TRockville reservolr ... ..., 12,343 8.00
Smith's pond. couevnenvanen. T P
Hempstead reseryoir. ... 12,89 23, 60
Storago reservolr.cvceue oo finin ) 28100

The conduit which collects and conveys the water of the above ponds is 12,25 miles in length, with o fall of 6
inches per mile for the first 4.70 miles from the pumps, and 6.25 inchies per mile for the remaining distance.
Through it the water flows by gravity to the pump-well, whence the engines foree it into Ridgewood basin,

The works, therefore, as built in 1856-’62, consist of: (1) The 10 supply ponds shown in the map, with
corresponding dams; (2) The masonry conduit and branches; (3) The pump-wells, engine-house, engines, ete.; (4)
Force-mains to Ridgewood reservoir; (§) Ridgewood reservoir; (6) The supply and distribution mains; (7) The
high-service pumping-works; (8) TForce-main to high-service reservoir; (9) Mount Prospect or high-service
reservoir.

The dams formipg the ponds are usually embankments, with a puddle-wall through the center in most cases,
and all riprapped with stone, generally rubble in cement. The Jamaica dam, atype of most of the rest, is 15 feet
wide at top,12 feet high; inside slope, 2 to 1; outside, 14 to 1. Puddle-wall 13 feet high in center and terminating
3 feet below the level of embankment tops. It is 9 feet thick at bottom and 44 feet at top. The main portion of
the embankment is of sand and gravel. On the inner face, at a height of 6 feet from the bottom, thero is an offses
6 feet wide. Above this the inner slope is riprapped with rubble in cement. The water-surface is 4 feet below
the top of the embankment, The riprap is 9 inches thick, laid upon 3 inches of gravel. Atone end of the dam is the
sluiceway into the conduit, and the overfall or waste-weir, The latteris a masonry wall about 8 feet high, terminating
4 feet below top of dam, about 5 feet thick at top, with an upstream batter of 1 to 4 vertical ; downstream batter,
1to 5. This wall of cement masonry, 21 feet long, is contained Letween two wing-walls of masonry, 3 feet thick
at top and batter as before, forming a water-way 21 feet wide. The approach and apron or wasteway in front
and behind the overfall are thus constructed: Long 8- by 10-inch timbers are laid parallel with the dam, 3 feet 2
inches apart; upon these, at right angles, a flooring of timbers is laid and fastened to them. On 1lie downstream
side, which takes the force of the overfalling water, this flooring is paved with 12 inches of loose stone blocks.
Beneath the front face of the stone overfall, and at the lower end of the paved apron, sheet-piling has heen driven
12 feet deep. Two waste-culverts, 2 by 3 feet, pass through the base of the overfall. Between the wing-wall of
the overfall and the end of the dam is o masonry sluiceway, with an entrance 5 feet square, connecting with the
branch conduit, 3 feet 6 inches square, to the main conduit line, The mouth of this sluiceway is provided with wirve
sereens, . :

The cleared bottom of the pond proi‘ed to be clean sand. The following table gives a few details of the
other ponds: '

|
BRANCI COXDUITS, VERFATLL,

Aren of YurTa OVERIAL Waate. | Gon
Tond, pondagy ||~ L duib

grounds o sludees | gyien

= i Tength, | Diametor, || eight, | Width, "

. Aeres. Feet, Inehes, Feet, Feet, Feet, Feet, |
Jamaien ...oeuenn, ..., G7. 33 2,837 42 7.50 21 2Ly 3 5.0
 Brogkfield ............. 1L88 | 2,877 24 8.0 15 2by3) 45
Clear Stream.......... LE0 il 1,080 24 5,00 gll svys) 40
Valloy Stream,........ 23,990 ¢ 2,103 30 8,25 18 2Dy 3 60
Roekvillo.eeennnnn..... 16,50 1, 872 80 8,15 18 2Dy 3 4.0
Hempstead ............ 26,68 ||+ eeeneen feeeen e a0 24 {2 by 3 } oo
\ ‘ | 20y |

-tA ggt_i-h?use 'COVeljS cach sluioe-gat_e, and the branch conduits are cirenlar, of brick, and each provided with
a gate a-G 010 § Junction with the main, 'The ponds are each protected about the margins with sand embankments.
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T R AULE S BilE af 1 , . - \
ht‘iczkl-t-(:):lﬂcn.n Iurf 1{;)1&:)1]111; l(:(t‘&]lz):lHt)l:lllbl,\ t(];c; (,zcl‘?q\jnlli P‘emg of gneiss Tock, 20 inches ﬂ]l:(}k, with & 4-inch lining of
lengths, swhers it passed throngh m'u*qh‘ & r(M 1;10 L\&: belqw \\7ater-le}~el, Wh‘lch }nuch {rxcrease'd the‘cost. Short
Inid in .:s inehes of cement nndhthe '1‘1‘(5;1 (‘),Lgﬂ )Un'(? were bl upon 1‘)11es§. The invert is of brick, 8 inches thick,
portion, {romnt the I‘Hmlblwtzll to J'un.'x;n‘("i )01 il(stIS(Llng’ Wml. & raf11u_s Ot. 5 iee.t and tblcknesg of 1 fOOtﬁ' Of the main
of el ’H ot S inchos. Trom her@ f(; {71111 1]:ét 110 width of.the 1}151(19 is 10 fc:et and ‘the helg‘h.t from invert fo crown
by -4 in(-]w;e. anhovae tli(s ‘iln‘wtinn of o'{ch {) % it 10&1111 1')011(1 its hoight 1s only § feet 1 Inch, and iks Wiflth is diminished
\\:i(ltll 1\ ‘-, PRUNAN o m:] . 1“1;011\ tl L :rlc} } )C(‘)l)(‘L-llt‘. .B.etwe'en Ya‘lley Stream pond and Rockville reservoir this

'_L‘h;s ﬂ'ul‘sml sing of ’thc iu\'m‘ﬁ of tllu;;us‘n?'tlkl f-flll)ﬁ?t@;ad 1t.13 et 1'nc-he-s. 9 i ;
of the invert liningis doubled, The 1'\: €r por 1‘011 qf the conduit is lncree}sed to 2%2, inches, :aud the thickness

the . K 2, Phe minimum depth of earth over the conduit arch is 4 feet; it never runs full,
‘-\; ithin 2,000 feet of the pmnp-well, 30 openings 4 by 2 feet and about 50 feet apart, were left at the springing line
f’l ‘tlm arch « ’.i-l ‘Hm ‘(\nxt side,  They aroe from 4 to 5 feet below ground-water level, and by gange in 1859 showed an
inliltration of 1,102,000 gallong per-24 hours.

',.L‘u proevent 'nnd}m filling of tho pump-well when the engines are not in operation, three waste-gates have been
provided, two (‘1t whiceh ave Jocated about 2 miles from the pumps.

_’_I‘lw conduit terminates in an avehed basin of masonry 5 feet thick at sides and 24 feet at bottom, 10 feet wide
by D2 foetl Toug, standing abright angles to the conduit. This basin is separated from the pump-well by a 5-foob
masonry witll, which has four openings, 4 by 6 feet each, into the pump-well, which lies parallel with it. The latter
in oue lopgr trough of masoenry, 60 feet Jong Ly 10 wide, divided into two compartments by a wall with gates, so
that two of the engines may be operated while the others are being repaired.

The engine-house is o plain brick building, 68 Ly 80 feet, with two Win;g"s, each 44 by 60 feet, and a coal-shed
and boiler-lrouse attached, . .

Thoere arae in operation thrée beam-engines of 15,000,000 gallons capacity each. Nos. 1 and 2 were built by
Woodrndl' & Tleach, of Hartford, in 1859, No, 1, which was remodeled in 1871, has two lifting-pumps, one beneath
the steam-ex-linder and the other at the opposite end of the beam, and conuected by o pipe 3 feet in diameter with
the pump-welll Thetwo are so connected that while the piston of the lower pump under the eylinder is rising and
diseharging its coutents into the foree-main througl the other pump, the piston of the latter is descending with its
valves open.  Its prineipal dimensions ave as follows: Diameter of steam.cylinder, 80 inches; diameter of working
pump-barrel, 36 inches; diameter of auxiliary pump-barrel, 54 inches; stroke of all, 10 feet.

It is rury at about nine revolutions per minute, and two out of the three engines are operated 24 hours per day,
the whole thireo being of late years frequently called into requisition. The water-valves are double-beat puppet-
valves, 124 1wy 204 inches diameter of seats. There are cight in suetion and eight in the delivery of lower cylinder
and seven cweh in upper pump,  Litt of valves, 2 inches. The engine is condensing, and operates a double-acting
giv-pranp 36 inches diameter by 60 inches stroke. A spray-condenger connected with it is 4 feet diameter by 8 feet
high, - Furtlier details of engines Nos. 1 and 2 are given in Kirkwood’s Report on the Brooklyn Water- Works, from.
which many details have been taken. : :

Engine No, 2 islike the fiest, with steam-cylinder 90 inches diameter, and pumps 36 inches diameter, with a
stroke of 10 feet. A fly-wheel was added to No. 1, but No. 2 bas none, Dbeing operated with a heavy counterbalance.
The guaranteed dudy, while foreing the water throagh 3,450 feet of 36-inch force-main into Ridgewood reservoir, a
e of 164 feet, was 600,000 pounds per pound of coal. It works at 104 revolations per minute. Engine No. 3,
vrected by T Inbbard & Whittaker, of Brooklyn, in 1869, is a double acting condensing beam-engine, 85 inches
dinmeter of eylinder, with a Thames Ditton puwp, 51 inches diameter of bueket beneath the cylinder, and a fly-
wheol at tha opposite ewd of tho heam ; capaeity, 14,000,000 gallons. The steam-cylinder, which is steam-jacketed,
in 7 feet 1 inelh diameter by 10 feet stroke; plunger, 3 fect 8 inches diameter. There are twenty foot-valves, each
114 inches internal diameter by 9inch lift, thirteen valves in upper pla»t.e, and one 'bucket-va.lve of (1011b_},e-beat ’t)"I.)e,
404 Ly 263 inches dinneter of woats. The condenser, of jet-pattern, is & feet diameter by b feet 7 inches h‘x,‘gh,
with an aiv-prump 36 inches diameter Ly 54 inches stroke. TFigures -1, 2,.avud 3 show the.pumps‘of the respective
engines.  Fo furnish steam for the {hivee engines thereare two battel?es; in all, twelve broﬂers. Seven of then} are
a4 feet long by & feeb diameter pach, and were made by Henry Smith, of Brooklyn. They are drogﬂue bmle?s;
with four flites eacl, 16 inches diamoter by 15 feet long, and are operated \;mder 29 pouuﬁls' pressure,:vuh ﬂn'thraclt?
eonl on the grate. The remaining five boilers, made by I‘Illbbi‘ll‘(} & W.hlttnker, are 27 feet 1ong, i feep diameter,
with grates G feet long, 3% feet wide, and twelve 83-inch flues, 13 feet 7 inches Tong each; ‘(h‘opﬂm?. o ]

I"romn thae pump-l)onsc to Ridgewood reservoir, a distance of 3,511 feet, there ave three 3.(3;11_1@11 f(ilngsq}x‘a'ms 0m
east iron, ono for each pump.  They do not pass through the emb:mlfments of- the reservoir, but de w.'uj into 4
chamber, thaiy outlets being about on v level with high water.‘ The object of Vt']_lls armng(.ameut was to give access
to their wholea length without Dreaking into the bank., Thereis a c_heclf-valve in euc:h main. ' L X

s the north of the pumping station, is polygonal in outline, with a division-wal

Ridgewoad reservoir, sitnated to g , ‘
1 ; ] . 3 oo ) e op. TOS Qv nd total
through the genter, dividing it into two haging of 11§ and 13% acres arca water-surface, respectively, and 't

capacity of 161,000,000 gallons, - Tho side embankments are irregular in height, from 8 to 30 feet. They are of

cartl, of 20 feet width at top, wit . . o o R i da ‘total of 6 feet at the
thickness of 3 feet and inereasing by steps, one foot in thickuess :ior each»o feet in depth, to a'tots s

h & puddle-wall through the center, commencing 2 feet below the banl-level,ata ’
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Dase and 22 feet in total height, A layer of puddle 2 feet thick extends from the base of the wall under the entire
hottom of the reservoir, Thoe faces of the banks are covered with 6 inches of gravel, upon whieh o stone riprap iy
laid 12 inches thick in cement, with occasional open joints to allow the water to be drawn out from behind the
riprap, in the event of tho lowering of the water-level in the reservoir; slopes, 14 to 1. Total depth of water, 20
feet., High-water surface, 4 feet below embankment-level, Ileight of same above engine-well, 163 feet. The
division embankment is similar to the above, but 15 feet wide at top and 3 feet high above high-water level. The
influx-chamber of masoury is 19 by 23 feet and 9 feet deep below high-water, from which the water passes into
cither or hoth compartments over o weir 4 feet thick and 3 feet below high water.
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PUMPING BEXGINES, DROOKLYN, N. ¥V,

The efflux-chamber ak the opposite end of the division-wall i of masonry 4 feet thick, It is squaroin plan, the
dary-well Deing 25 feet long by 10 feet wide,  There are arrangements for three 86-incly iron supply-mains, ouly one
Deing laid as yet, It is fitted with a stop-gate in the dry-well, Two masonry channels 10 feet wide extend from
the dry-wellfront-wall into the reservoir, one into cach compartment, In each of these, aboub 20 feet from {he
dry-well, is a 4-foot masenry partition from top to Lottom, and in these are fonr openings to admit water from the
reservoir,. Two of the four are cach 4 by 4 feet square, and & feeb below high water, and the other two are each
4 by 8 feet and located at tho bottom. A drain-pipe from each compartmoent extends through these partitions and
the dry-well and are discharged without the reservoir,

The distribution, which is chiefly carried ont in cast-iron pipes, is in length and sizes as follows:

Water-pipe laid for the supply and distribution of waler to January 1, 1381,

e e " .
asteitation, | dietriition, | ot st | ot gt
caut iron, ceniend, - i
Feet. Feet, Linear feet, il s,
ANEH e eaaan PP ITY AP UIPEE DU 2,003 0. 540
(iR O ommereaeanea s 298, 7£6 0,182 1,200, 45 o, 1 |
Binelloveonn. 167, 410 903 427, 761 G2, 077 \}
1%ingh.... 63, 364 165, 400 < 3L ]!
of-inch. ... 52630 6, 369 12,0860 ‘
t0-inch.. s B0 1 T I 25, 198 4,571
3-ineh F 1 A U 26, 071 ‘l £ 108 1
48Anel. e e e . 33, 483 [{RHER] ‘
Taomgoth (original distiibntion, coment).j... 120,000
TS BTG T PN FPPUCTIUUIN NENTPUTRSTRTY | FAUUR N 4k 7o ]

To supply the highest portions of the city, high-service works wero built, consisting of pumping machinery
and Mount Prospect reservoir. Thesoe pumps draw thelr supply from the 36-inch supply-main from Ridgewood
reservoir, at o distance of 26,062 feet from it, by means of a branch main at Washington and DeKalb avenues,
from 20 to 30-inches diameter, and 4,600 feet long,.

602 )
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e e
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The engine-house, a plain brick building with stone trimmings, is 40 by 60 feet, with boiler-room 40 by 40 feet,
and has space for only two engines, only one being oceupied.  The engine, which pamps only during the night, so as
to prevent diminution of head in the mains for the low service, is a crank and fy-wheel engine, with ¢ylinder 24
inches diameter by 54 inches stroke, and two pumps with cylinders 20} inches and stroke of 414 inches. This
engine, which supplies Mount Prospeet reservoir, and is located 122 feet above tide-water, has a capacity of
3,000,000 gallons per day, and actually supplies 2,500,000 gallons through the 20 inch force-main, 2,032 feet long, to
the reservoir. Ibs duty ab tho test-trial in 1862 was 040,577 foot-pounds per pound of coal, 600,000 foot-pounds
being guaranteed. Steam is furnished by one drop-flue boiler, 18 feet long, 6 fect diameter, with four upper flues,
13 inches diameter by 11 feet long, and nine lower ones, seven of which are 9 inches and two 7 inches diameter
cach, and each 9 feet 3 inches long, ‘

TFull details of the engine are found in ' W, Il Worthen’s Report on Brooklyn Water- Works, page 136, appendix 1.

Mount Prospect reservoir, used for the high service, supplios that portion of the city south of Atlantic street,
and is located on Flatbush, Underhill, and Garand avenues, President and Sackett streets.  In plan it is square,- .
with one corner cut off, approximately 330 by 840 feet on bottom. Iligh-water surface is 198 feet above mean tide
and 28 feet above high water in Ridgewood resorvoir, Tts high-water snrface covers an arvea of 3.43 acres, with a
capaeity of 20,036,658 gallons, Depth, 20 fect, The
banks are 20 feet wide, and slope 1§ to 1 inside and out.
The boftom and banks are lined with puddle 2 feet
thick. Upon the slopes is a layer of 8 inches of con.
creto over the puddle, and the bottom and slopes are
further protected by an 8-ineh covering of briek lnid in
cement. The bottom slopes from all sides toward the
outlet into the drain-pipe. The foree-main dischargos
into the bottom of an influent-chamber at one corner
of tho reservoir, 6 by 14 feet Dy 124 fees deop Lelow
the top of the embankments, The masonry is 4 feet
thiclk, and the forece-main 20 inches diameter. From 5
feet 7 Inches above the bottom of the influent-chamber
a 30-ineh pipe passes out into tho inner bank, and,
extending downward, just beneath the puddle-facing,
passes througl the latter near the toe of the slope into
the veservoir, supported in the latter passage upon o
pier of masonry. This pipe passes oub of the inflnent-
chamber into the reservoir ab high-water line, A single
overflow-pipe, 12 inches dinmeter, extends from high-

rater surfinee in the external wall of the influent cham-
ber to the strect-sewer,

The effluent-chamber, sitnated at the opposite
corner ol the reservoir, is about 35 by. 50 feet, of
masonry 3 fuet thick, and forms but o single chamber 3 A T
or dry well. Through it pass a 30-inch sopply-pipe, : PSS afl——
with stop-valve, and a 12 inch drain-pipe, also stopped : e
by a gate, The former passes through the bank throngh
brick walls, to prevent percolation through the hanls.
In front of the mouth of this pipe,in the too of the
slopo, are two screens, inappropriate chamber.

, OFf the distribution system no pipes over 20 inches
dinmeter are tapped. There are 060,655 taps in the -7
system, which includes Brooklyu city, and Governor's
island, in the New York harbor. Tho consumption
averaged in 1880 about 30,745,000 gallons per day, and
reached in Jannary nearly 48,000,000 gallons, The resnlt has been ab times a scarcity of water in the eity.

The supply from Hempstead reserveir and the water-shed from which Brookiyw’s supply is derived proving
inadequate to the demand, three wells have been dug, at Smith’s, Watt’s, and Cornell’s ponds, and pumps have
been placed at the former, delivering into the main conduit, with machinery in readiness for use at the two Jatter.
These wells are each 50 feet in dinmeter, with a total depth of 20 fect, and depth of water usnally 15 feet.  They are
built of brick, with vertical tie rods through thelining, and sides 2 feet thick, The bottom is sand, and not closed.
Tho curbs upon which the linings were sunk are 4 feet high. These wells are estimated to yield 2,500,000 gallons per
day of exceedingly pure water. The soil is entirely white sand. The water pumped from them is forced through
16-inch mains into the condait. The pumps have a eapacity of from 3,500,000 to 5,000,000 gallons pcrﬁc&;my.

caSiNe Kool FuOoly
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The following table gives details of the meters in serviee January 1, 1881:

Worthington.........1 210 f.... 140‘....
Gem 263 10 9.l b [U ]

T talal o sl
. g 1404 (2ol 8 148 -
Kind of meter, E CARCIRE- R | g3 %;
Y - DS L e oy ey
v ek | o= o [ e | e H
5| 41 \ 1nlt
!

e

t

Crown , 11 2 PR D 1. S PR PO
DBall & Fitla.ovaaes b N PO 1Y PPN (RPN PR P 1
BrooklyN ceeeveenvasasjeenns feme, [ I PR P Gl....] G

Tnion...... wrseeann PR PSRN RN PR P PR [ PSP N
Nagsan..... PPN 2., 4l .- 1, 2 sl
Eaglo ceervenees R R 3 PR

.......... smmefreaaanfoans .-..’...,

Totale.renens . oo w| w0l 110wl m \],085 \
i

In tho distribution maing there are none less than ¢ inches diameter, and fu the city there are 2,8

feer, (9 o0l

-~

74 five-hiydrauts,

500)  Saetion throwgh Ferth Work. Concrete .
Luededle Wall Ling and I Wy ofDam.

ada

b Flary of Guter (hender

The total costof the works to date has heen 811,379,500, and total veeeipts 814,231,370, the last yearly veceipts

being $077,700. The cost of maintenance for the year 1850 was $272,321, itemized as tollows

Salarics:

Lloar

Commissioners, registrary, ete .. ... e aen U ORI RPN - 13 M (] ¢S B4 1
 Distribution And FOPAITS wv e er e e c aran e e re e e an e ameeaaennn femer e e aan e A, 610 BY
Ridgewood engine-houss ......... Cneee e ceumer e, Ceeveerameas . RERUIISIH '
Prospeet engine-llouso ... v O Ceeenn feeesrmamanreanns A, 040 43

Ponds and eonduibs ..o u s o i ht it e oie  ikaa ta e an tammnn nnaae anren. nnen avew e tenne 2,770 56
Prospeet reservolir ... et e amas ramaee ke imn amenimuman tmnnanaunt amnn s 1, 040 89
Ridgewood reservoir..... iameeseenean e e, e et e e e em—— . e o PO 1,408 (2
S8 PONA C e i i e e e e cre evn s Ceameanaaa PR W61 04

New resérvoir ....... [ e . S v er et a4t eia rmemas s e mnee caes e avar eeas a7

Supplies:
Distribution and repairs ......

Ridgewood engine-louss .ameen voeen e,

Prospeet engine-ouse. . oo o oo e et e e e et e e e e
Ponds and conduits ........... T
Prospeet reservoir ... ... e s T e P
RigoIwooil TEBEIYOIT «.vuas e aecae i cmaan anvmenmans ceenaean oen o
Smith’s pond ... .. e e eetnasinenas Se e auma e eams wMmmas i aann anare s me A

604

15, 080 04
AR ATL TG
7,903 430
4,461 45
2,001 61

Hid 45

2,621 32

s



PUMPING DIRECT TO RESERVOIRS.

New resorvoirs

......................................................................................

CPrinting and SLatlonery. oo o e i e i e e e e s

89

$1,419 59
2,530 08
2,061 22

B LR e ennne 4,200 GO
Ot eXPONSES c ot e i o ceeees e e e . 1,148 13
COontINEUICIEE 1o et i ettt ittt e vt et e —e s e ee e e e ———enanas 22 50
Maps, registrars’ dePartieIl ..o e ven e it daa e bt r e et e e e e et vman e men e ian 260 00
Resurvey DIpo Qisbriet Lo i i i i at e ean e e e e e e v 2,000 05
Ridgewood reservoir enlarZeeint « vve v s oo e ve e cre ca o e e e i e am e ae e e e enn 110 85
Conl at P ping-stabIonS . . Lo i et et e e —eeae e aanea. 04,000 12
Additional waler-supply weooeioiiiaann . o e e e e e e e et e emn aant e an—————n- 1,013 00
Pumping engine No, d oo oo i iaicer cnme e nrman Chmmams rmm et e maanmad i eiaea nrr e e emne samane a e
Cloaning STV PONM ca v s i it st i ittt at e Ce e mee foaeee tesnanaeoarennee aae mnhana et e ienns
Ganging sirenmns Deyond FemPBEe. . oo ot n s e iae ties cemaes mees cves cmvams ansnnn nn e nnne mamn aeen s
Total..cooiiin o es SR b e e e e mes menee e meaen e ieen e teweet gaases naannn nans 272,891 07
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The works are under the charge of the department of city works, Mr. Robert Van Buren, chief engineer.

Hempstead reservoir having insufficient storago capacity, a new one is in course of construction and nearly
completed. Details of the dam are given in the cuts. It is sitnated a short distance to the cast of the old one, and
has o drainage area of 25.78 square miles, with a water-surface of 231 acres, capacity of 1,000,000,000 gallons, and
averago depth of 15 feet. '

Rates for water per meter measurement are 74 cents per 100 cubic feet.

~.

o ., ¢ )
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and tha Qunecting (nduity

it

Latl:Plere of Mivsonry tn
deedfone and Kievallan

PITISBURGH, PENNSYLVANIA,

This city, situated at the confluence of the Allegheny and Monengalela rivers, and containing a population of
156,389, introduced a supply of water in 1824, deriving it {rom the Allegheny river about a mile from its moath.
The city proper is located on a comparatively low-lying strip of land between the two rivers; a part of it on the soutlt
side of the Monongahela river rises from 400 to 500 feet above the level, The industries are chielly manufucturing.
Tho streels, though somewhat irregular, generally intersect cach other at right angles.  Tho old water-works aro
in o bad condition, and will soon be abandoned, & new sct of works, begun in 1872 and completed in 1878, having
rendered them nearly useless. By the old works the water is pumped into Bedford Avenne reservoir, at which
point three engines, drawing their supply from this reservoir, force the water into an upper hasin, known as the
“old high service”.

Water is drawn into the pumps through two cast-iron pipes each 29 inches in diameter.  There are two ung:inos in
use, built by the Atlas works of Pittsburgh, and both high-pressure; they areoperated on an incline, the pumps heing
submerged. In such poor condition are they that it is ordinarily impossible to see across the engine-house, owing
to escape of steam, and the wooden connecting-rods are so rotten that they need, constant watching and repair.
They are known as the “Hercules” and the “Bampson”, and as they are soon to be abandoned, will not be hers
described. : '

The new works, located at Brilliant station, on the Allegheny, 10-miles above its mouth (tho house being shown
in thoe cut on page 941), contain 4 horizontal engines—2 high-pressure and 2 compound condensing—all designed by
Josepl . Lowry, and of the same pattern, the compound engines differing from the others only in having a low-
pressure built on the end of the high-pressure cylinder. They are of the following dimensions: Low-pressure

~eylinders, 106 inches diameter; high-pressare cylinders, 64 inches diameter; pump-cylinders, 4k inches diameter;
stroke of steam-piston, 14 feet, They ure operated at 9 or 10 double strokes per minute, The pumps aroe vertieal
and loeated in o pit, while the steam piston-rod works lhorizontally and is connected with the lower arm ol a

triangnlar beam, One of the upper arms is coupled with the vertical pump-rods, and the other is eonnected with
606 - .
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& heavy counterbaluncing weiglhit. Thoe puppet steam-valves are operated by cams from the main shaft. There

are two plain solid-plunger pumps to each engine, with four receiving and four discharge valves to the plunger,
each weighing from 200 to 220 pounds, 21 inches diameter, with o 1ift of 1§ juch of brass, disk-shaped. '

il e s it i Bt 1 st
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NEW PITTSBURGH WATER-WORKS BUILDING, AT BRILLIANT STATION.

Two engines are generally run at the same time, and from 12 to 24 hours per day, the high-pressure at 7 or 74
revolutions per minute, with 120 pounds of steam and 165 pounds pressure on the pumps. Jet-condensers, 10 feeb
‘ 607



92 | WATER-SUPPLY OF CITIES—PITTSBURGH PA.

7 inches long by 13 feet 3 inches outside diameter, are used with the compound engines, the air-pumps being 24
inehes in diameter by 11 feet stroke. The guaranteed speed was 10 double strokes per minute, swhich rates the
engines at 20,000,000 gallons eapacity, No caveful duty-trial has ever been wade, but an experimental trial showed
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a duty of about 46,000,000 foot-pounds, according to data furnished by the chief engineer, and calculated on an

amormt ogs‘l“uel wot including that required to kindle the fives, The duration of the test was 12 hours.
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There are 32 double-flue boilers, each 40 inches diameter by 32 feet long, with flues 14 inches diameter, and
burning soft coal. The evaporation has never heen computed,
The engines have cost to date about $750,000, and have required expensive repairs. They are tho largest

horizontal engines used for the purpose in the country. The following cuts show their construction beforo the
addition of the low-pressure cylinders.

TUBEHH i)
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Trom tiis pumping-station the water is forced throungh 3,840 feet of 50-inch cast-iron main, nnder o head of
365 feet, into Iiland reservoir. The pumping:-station is shown in the cut on p. 91, and consists of a plain rectangular
brick bmldmg, with two wings containing the boilers. Tt is located on the edge of the river, its foundations being
much below water-level,

A Dbasin on the hill immediately in front of tho pumping-station, and known as the Brilliant reservoir, was
begun in 1872, at an elevation of 208 feet above the riv er, but ;Lbundoned Defore completion,

The I-Iihmd reservoir, containing 117,651,000 gallons, with an area of 104 acres at flow-line, is situated 365 feet
above the river. It isin excavation an d embankment, with slope of 1} to 1 inside and out, faced on the former
with stone riprap 15 inches thick, resting upon b inches of broken stone, underlaid by a puddle-facing of 2 feet
thickness.

A 20-inch main on Centre avenue, 4,309 feet long, is connected with the 80-inch main from Hiland reservoir.
Trom the former 503 feet of 15-inch pipe conveys the water to the pump-well of the engine-house on Belle avenue.
This is Ferron Iill pumping-station for high service. Tho water thus taken from the Hiland main is foreed
througl. 1,250 feet of 12-inch main into the Herron Hill reservoir, with a lift of 275 feet.

A pumping-engine, taken from the Bedford Avenue works, has a capacity of 1,500,000 gallons per da;) It is
operated by a battery of threc boilers taken from the Forty-fifth Street works.

. Herron Hill reservoir is a rectangular embankment reservoir, 300 by 170 feet on the bottom, 24 feet deep to
the level of the top of the banks, with a layer of § inches of conerete covering the whole bottom, the banks sloping
1% to 1 inside and out, having a 2-foot facing of pnddle, protected by from 6 inches to 1 foot of bloken stone, covered
with a riprap of cut stone 15 inches thick, Its capacity is rated at710,000,000 gallons.

Oast-iron mains to the length of 113 miles, and 4, 6, 8, 10, 12, 15, 20, ‘and 30 inches in dnmeter, respectively
serve to distribute the water to the amount of 16,000 OOO g“'l]]O]lh per day to the inhabitants, the number of takers

‘being unknown, but the consumptlon per liead bemo estimated at 100 gallons per day. There are 912 ]1ydnnts in
VOL 17 —39 609
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nse. The works originally cost $110,000, and this amount had been increased in 1872 to $1,627,800. The cost of the
new works amounts to about $5,000,000. The expense of maintenance and repairs in 1880 was $130,000, Trom
1872 to 1879 the expenses were $792,190 and the receipts $2,117,450. Direct-pressure works, erected in 1870 at Forty-
fifth street, containing three small engines, are now abandoned, as the new works have rendered them of little use.

Details of the Bedford Avenue reservoir were not obtainable. :

ALBANY, NEW YORK.

This city, situated on the west bank of the Hudson river, 142 miles north of New York, contains 90,758
inhabitants, with interests mainly commereial and lambering. Tho ground upon which it is built rises very rapidly
.and evenly from the river to an elevation of 200 and 300 feet, with the streets rather irregularin plan.

Water was first introduced in 1850 by gravity, and new pumping-works were introduced in 1873, The former
being now rarely used, the desecription will be chiefly confined to the latter. The gravity supply was derived from
a number of small ponds or lakes known as Rensselaer and Watervliet-lakes, about 3 miles out of the city. The total
drainage aren is about 8,455 acres, that of the former being estimated at 8,218 acres. Trom the outlets of these
lakes, where the dams were located, a brick conduit about 15,000 feet long conveyed the water to the distributing
reservoir located on Bleecker hill, in the westerly part of Albany. In Rensselaerlake the depth at the dam averaged
15 feet, and a puddle-wall extends through the embankment. The region in the vieinity is largely of yellow sand.
Total length of dam, 1,400 feet, with no overfall or waste-weir. The top of the dam is 8 feet above the high-water
flow-line, and the slope of banks inside and outside is 2 to 1. The puddle-wall is 8 feet thick at top, increasing at
the rate of 4 feet for each 10 feet in depth. The area of the lake is stated by MeAlpine (Report, page 50) at 39
acres, with an average depth of 16 feet. A gate-house 14 by 18 feet containg the outlet into the conduit, which is
oval in section, 4 feet high by 3 feet wide, and built of brick.

The new works, erected and put in operation in 1873, deriving the water-supply from the Hudsen river, consist
of & pumping-station located 950 feet west of that river, on the corner of Quackenbush and Montgomery strects.

Extreme High Water of 1857. 28.78 Feet, PIER,

3 Hudsorn, Fivers

On the eastern face of the river pier, 80 feet wide, is a gate-chamber. From this a eulvert extends eastward to
the shaft in the center of the pier, From the foot of the latter a rock tunnel extends beneath tho Trie Canal basin
275 feet, and thence to the engine-house is a hrick tunnel 645 feet long. The inlet from the river was built in a
caisson, with river opening 18 inches wide by 30 inches long, extending from the top of tho pier to a depth of
20 feet, or 7 feet below low water in the river. This opens into a well of the same depth, 4 by 7 feet. Irom
the bottom of this well a culvert, 8 feet in diameter and 42 feet long, extends to the shaft in the center of the
_pier. This shaft is 10 feet in diameter by 47 feet deep, with a brick wall, 16 inches thick at base, resting on o cast-
iron shoe, and was sunk against great pressure. From the 47-foot level another curb, 74 feet in diameter, was
sunk to a total depth of 51 feet below low-water mark, Cast-iron cylinders, 6 feet in diameter and 1§ inches thiclk,
of o total length of 26 feet, secure the curbs from the bottom upward. ) )

At a depth of 6 feet below bed-rock a tunnel, 6 feet in diameter, extends 275 feet to the brick tunnel, the last
60 feet of it rising with a grade of 2§ to 1. In the brick tunnel, near the west side of the Irie Canal basin, a G-foot
shaft, provided with o manhole, is constructed, 40 feet deep, to give access to the interior of tho tunnel. The remainin iy
length of tunnel extends beneath Water and Montgomery streets and the Hudson River Railroad tracks to the
pump-well beneath the engine-house, The latter is a plain brick building, 52 by 62 feet, in one corner of a plot of
%rglulqd 105 by 140 feet, nearly the whole of which is covered by the coal-shed, boiler-house, and the remaining

uildings. = ' :

In t}lis building are located the pumping-engines, two in number, made by Paulding, Kemble & Co. They are
con'densmg beam-engines, connected to the same fly-wheel, each 82 feet diameter ; and air vessel, 204 feet high by
66 inches diameter.

‘ The steam-cylinders are 42 inches diameter by 11 feet stroke, admitting steam essentially after the mauner of
:1ver-steaélln(})0at engines, the ‘steam-valves‘being operated by cams and plug-rods. The average speed is 12§

i i
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revolutions per minute. The pumps have two plain plungers, each with a stroke of 7 feet and diameter of 2
inches. The length of time they are employed and particula,rs of their working may De seen from the fumexed
summary of operations during the year 1879:

Number of AaFs PUIMPING « o oev it e venee vinaas caims cmmt ammce mets cmmm v r e eam s e nan 22,5
Number of hours’ pumping. ..o oeeoue i i et imrmes ne it caaccn temea am e tanaaas 2, 906, 6
Numbor of Dours PUmpPIng PO QY «.aeen e vnuuuuasamus cenmas nrnvmm smas msmns wassaaemcncannen smnnas 11. 06
Revolutions Per mINMEe . «vu . v e i et i it s cnare e et ma cacmam e taaeas cee e wray 11,957
Revolutions DOr Ay «oeeeovretoonas criae cataet tamtnt snnrr cvmaan saema cam et eenaraamnas : 7,944
Total Tevolublong « vuu oot i i e i e e e it it ke s et e eas 2, 085, 334
Liftin feot - coon e i i it e e semmareeeaet wasmon nammna ymenN aana nnaas 242, 402
Veloeity in force-main, in feet per second...ovineoevinvnnn N e eemme e i ea. 3, 00071
Friction in feet . . on oo et it et ime ettt m s e s aa e smnmk naanns savane mnaan 15, 351
Pounds of conl consumed i Pumping «ocees vae camie et ciire s manne anas aiacee ae e raae aaas 3,315,346

Pounds of coal consnmed in heating Duildings - cocv v mer e imimme e i cr e e 164, 649
Pounds of coko congumed I PUINPINE « wucuee ima s it oot craraee cnme catmme maarenmes saeeen s 117,209
Pounds of coko consumed in heating DUIlANE « vervee cneine i e e e e e s 6,800
Pounds of ashes, 6t .ooevevitiiiinrcmin et i vnens tcanma e O 383,701
AGNOE, BHC., POL CCIE oottt i it vnee vane cemir csuih cmaa bamame aman hmmmna saen amanat as e peimas 10, 682
Gallons of water pumped into Bleecker reservoir per pound of fuel coov.ivvas ominiiisivanesiaen. 335, 206
Gellons of water pumped into Bleeeker reservoir per (Y« ooue cacaee vivmer cieae s caiaas crrameaanans 4,309,271
Total gallons of water purmped into Bleeeker TeSEIVOIT tovy cuuenimt it it it divrer ciiic camees 1, 146, 933,700
Dutby in F00t-POUNAS v n e ot cian it ce e ot maen aiins e e s e dae s aana s Cemeee s 71, 6ER, 768

The suction- and discharge-valves are of the double-beat Harvey & West type. The capacity of the engines
is guaranteed at 10,000,000 gallons, pumped into the Bleecker reservoir (a 1ift of about 242 feet above low water)
in 24 hours, and the dnty at 60,000,000 foot-pounds, The condenser is of the jel pattern, 36 inches inside diameter
Dy 5 feet & inches high.

The actual duaty obtained on an average in 1879 was 71,582,700 foot-pounda; cost of engines, $135,000, Thesteam
is generated Ly five multitubnlar return-flue boilers, containing seventy-eight 34-inch tubes each 10 feet long, with
shells 6 feet dinwmeter by 204 feet long, and consuming 1 pound of coal te pump 268 gallons to the reservoir,
Evaporative power unknown, Irom the pumping-station the water is raised 243 feet through 0,723 feet of 30-
inch diameter cast-iron main—1§ inch thick to sustain pressures of 250 feet head and over; 1% inch thiek for from
200 to 250 feet; 1 inch thick for from 150 to 200 feet, and the remainder § inch thick, This force-main delivers the
water into Bleecker reservoir, from whence the lower portions of the town are supplied direct. The upper parts
derive their supply from Prospect Hill reservoir, which is supplied from Bleecker hill by the high-service pumps.

The Bleecker is an earth-embankment reservoir, rectangular in plan, 660 feet long by 340 feet wide on the
bottom, 720 feet Dy 400 feet at top of banks, with a capaeity of 28,475,000 United States gallons., The banks are of
earth, with a puddle-wall through the center, and the faces slopo 14 to 1. The inner face is riprapped part way
up the slope with brick, and the remainder with stone, both laid in cement. Depth of reservoir, 15 feet to high-
water level. The gate-honse measures 10 by 16 feet.

TFrom the northern corner of Bleecker reservoir a 24-ineh main 1,390 feet long extends to the well of the high-
service engines, located on New York Central avenue, corner of Third street, Irom here the engines force the
water into Prospect Hill reservoir adjoining,

The pumping-works consist of the pump-house, boiler-house, coal-shed, chimney, and engineer’s dwelling. The
engine-house contains two compound beam-engines, designed by I, Rumpf and built by the Quintard Lron Weorks,
of New York, in 1877, of a daily capacity of 5,000,000 gallons each, and to do a duty of 75,000,000 foot-pounds at
a cost of $30,000, * They are both connected to one fly-wheel, as in the case of the low-service, 18 feet in diameter,
weighing 18,800 pounds. Beams 181 feet long between centers and 18 feet above floor. Steam.cylinders: high
pressure, 113 inches diameter; low pressure, 20% inches diameter ; strolko of high-pressure pistons, 4 fees 10 inches;
low-pressure pistons, 6 feet,

The steam is admitted through double-beat valves, operated by plug-rods and cams geared to the main crank-
shaft,  The condensers are of the jet pattern, 10 by 17 inches, wund connected with air-punmps 12 inches diameter by
24 inches stroke. Actual trial hag developed a duty in these engines of over 81,000,000 foot-pounds,

Bacl engine operates a bucket-and-plonger pump, with pump-eylinders 214 inches diameter, plangers 15 inches,
and a stroke of 4 feet, Tach contains a butterfly foot- and discharge-valve hinged at the two sides and opening
on a center line, with a lift of 4 inches and a diameter equal to that of the pump-¢ylinder and rubber seats.

The speed of the pumps averages twenty-five revolutions per minute. The accompanying record will show the
work performed, ete., by the two engines during the year 1870: ‘

NUmber of days PUIIDIIE ¢ e e eet ntaaas comaan seacae svcear came sesans arantstaanas sannas sausssse nume 286
Number of hours’ and minutes’ Puniping . ... oot meit vieoie coaitmaceccaren wcasrtonee cecnsnsasraans 2, 8671 j4m
Averagoe time per day, in BOUrS .v.vrii ot e i e Y v maes bmamas saaceeeares e aaeaas . 11,23
Revolutions of engines Por minUto ... «.oois it oo i in cins crtemnmes v cenne e anmae s 43. 968
Revolutions of engines per day ..o oowoieiioiat o i ni e cnenaee cmaaa R 16,173.5
Revolutions of engines per month ... .cocevaaanns R 4,124, 342
IS ¢ O R I 58. 532
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Pounds of coal constumed f0r PUMPIDEG - aeecr cmmmnn e m o e et tttas cnar aacuan e sananscaamns sanna, 332, 826
Pounds of coal consumed for heating Duildings .o ooiiin e il i e e £6, 640
Total POINAS Of ASHES, BHC. <o evr o cmnmmmae rm e ea semr e et e et e ean ceena naae e e 63, 117
Pounds of 08108, €16., PEL CEIME - oo e v e sr o omta et et i e e et waerpennne nas 15, 04
Gallons of water pumped into Prospect Iill reservoir per pound of coal ..o cveiimniaiiiiiinninean. 1,439, 755
Gallons of water pnmped into Prospect Fill 1eSeTV0Ir PET day cevmns veieet vovine iieitiieee v eees 1,512, 84
Gallons of water pumped into Progpect IHill reservoir por month .. ... e 479, 188, 150

Duty in f00E-POMRAS 1eomnr ceamce vamce smmmns smmret s e ettt ctt e aene e mane sanma s ene s cenemnwe 1D, 111, TRT
These engines derive their steam from a battery of four horizontal multitubular boilers, cach 34 feet diameter
by 10 feet long, containing thirty-eight 3-inch tubes, consuming 1 pound of anthracite coal to pumyp 1,500 gallons
into the reservoir, a lift of 55 feet.

i J——

High WaterZins

Yo i, 4
CE-

EPRAR SR MO LY, IV

ot s

Prospect Hill reservoir, which supplies the highest portions of the city under n total head of about 207 feet
above high tide, is a rectangle in plan, with the four corners cut off, 360 by 1613 feet on bottom line, 20 feet deep,
420 by 220 feet at level of banks; slope, 1% to 1 inside and 2 to 1 outside; capacity at high-watoer line (15 feet),
7,312,203 gallons, with an area of water-surface 1§ acre; width of top of banks, 20 feet.

The construetion of the embankments may be seen from the drawing., A G-inch layer of puddle over the whole
bottom, and extending up the face with one offset, is again covered with a G-ineh layor of concrete. Above this is
a layer of puddle 18 inches thick on the bottom and 30 inches thick on thoe facoe of the bank, Tho offset begins at
about half way up the slope and extends to the top. In this a depth of 36 inches of gravel overlies the last layer
of puddle, and a riprap facing of stone 15 inches thick laid in cement. The bottom, and the slope for a distanco of
8 feet up to the toe of the granite paving, are covered with brick on edge laid in cement.

- The gate-chamber is 10 feet 6 inches by 6 feet 10 inches, situated on the westerly corner of the reservoir, and
containg three pipes, one 12-inch drain-pipe 12 inches below the bottom of the reservoir, and two 24-ineh pipes,
both of which are used as supply-pipes. The drain-pipo is now used for the same purpose. A bridge connects the
house with the top of the bank. The inlet- or force-main is 20 inches diameter, and conveys the water from {he
pumping-engines through about 323 feet of main, under a hiead of 55 feet over the top of the embankment at the
eastern corner of the reservoir, whence it extends downward between the facing of stone and the underlying clay
until it reaches the bench at the foot of tho gravel, at which point it emerges through the brick riprap, and runs
down along the face of the samo out upon a stone apron 20 by 8 feot on the bottom of the reservoir, A 20-inch pipe
around the foot of the outer slope conneets the foree- and supply-mains, and is controlled Ly avalve.

From both Prospect Hill and Bleecker reservoirs g system of supply-mains of ecast iron 77§ miles long supplies
the population of the city through mains of 20, 16,12, 10, 8, 6, 4, and 3 inches, respectively, in diameter, with about
4,500,000 gallons per day, Tivoli lakes are said to supply about 2,000,000 gallons, The maximum head of water
in the low service is 244 feet, and in the high service 55 feet, * - '

The cost of the Prospect Hill reservoir and pumps and the whole system of water-works to 1880 was estimated
at $800,000, and the cost of maintenance and repairs for 1879 at $57,350. :

Of hydrauts on the distribution mains there are 493. An analysis of the water from the gravity supply was
made bly,Julius G. Pohle, M. D., of New York, in. 1865, who found it to contain salino constituents, cte., in the
1)1‘01)01?‘31011_0f 5+% grains to the gallon, These consist mainly of the following: Chloride of sodium, carbonate ‘of
sodg, chloride of calcium, ehloride of magnesium, vegetable organic matter, sulphate of lime, silicic acid, carbonate
of lime, and carbonate of iron, '

Theﬁgorks are af present controlled by Mr, George W. Uﬁrpenter, superintendent,
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NEW HAVEN, CONNXECTICUT.

New Haven contains a population of 02,882 inhabitants, and is situated upon New Haven bay. It is largely
a city of residences, with mercantile and manufacturing pursuits. Topographically the city is rather flat, but it is
surronnded on the north and west by hills of considerable size. The strata composing the bed and 1(]_]01mng hills
are largely of Triassic formation, with outeroppings of trap-rock. The streets are laid out more or less regularly on
the rectangular plan, many bem & heavily shaded by large elms.

The water-supply, introduced in 1862 by the New Haven Water Company, is deuved from four sources, chief
among which is a small stream known as Mill river. Several artificial reservoirs west of the 01l.y, known as
Wintergreen lake and Maltby ponds, furnish the remainder.

Mill river discharges into the sound. At a point about 8 miles north of the city the hills Letween which it
flows approach to within about 400 feet: of each other, and here the dam has been placed. The bed of the river is
rocky and somewhat shelving, The drainago area of the stream is about 56 square miles, while the total water-shed
of the ponds mentioned amounts to about 5 square miles. The dam mentioned has backed the water of Mill river
for & distance of about 24 miles, and the sheet thus formed is known as lake Whitney. The maximum flow of the
river is estimated ab about 12,000,000 gallons daily, aud the quantity constantly stored is ecaleulated at 500,000,000
gallous, with an average depth of 20 feet. The consumption, according to indicators, averages 5,000,000 gallons
per day.

The dam is constructed of cement masonry, and is 500 feot in total length, with an inner core of concrete from
the foundation to the water-line, 8 inches thick. The upstreamn face is protected still farther by a gravel banlk.
The thickness of the dam at top varies somewhat av different points. At the overflow the length is 150 feet;
height, 38 feet 8 inches; thickness at top, 11.62 feet; at base, 834,12 feet; batter of face, 2 to 12; of Dhack, 7 to
12, In the eastern end the height is 36 feet; thickness at top, 8.58 feet; at base, 84.83; batter of face, 2 to 12;
of back, 7to 12.  On the main dam, part fivst, height, 33.5 feet; thickness at top, 3.25 feet; at base, 25.70 feet; battér
on face, 3 to 12; on back, 4 in 12, Part second, height, 38.5 feet; thickness at top, 6 feet; at base, 25.70; batter
of face, 3 to 12; on back, 4 to 12, 'West wing, height, 5 feet; thickness at top, 3 feot; at base, 6 feet. The gates,
screens, and pipe from reservoir to pump-house are located in the gate-chamber of masonry in the west wing. 'The
gate is 4 feet square, opening into a wronght-ivon pipe 4 feat diameter, at a height of 17 feet above the base of the
dam. This pipe furnishes motive-power for the armory and wmanufactory of the Whitney Arms Company,
immediately adjoining the dam; this company formerly owned the water-rights. The water stands in the lake at
a depth of 17 feet above this pipe. The,waste-weir and overfall are located in the eastern end of the dam, the
gate of the waste-pipe below it at o depth sufficient to drain the lake.

The bed of the lake is composed largely of roeky and gravelly soil, no great amount of mold having been
present, and the water is of remarkable pm‘lty, as will be seen by reference to the appended analysis,

A deficiency of supply sometimes occurs in mid-summer, owing to lack of capacity in the main supply-pipe.

The mean annual rainfall of the district is about 45 inches, and the source of supply is practically nnfailing.
The system of supply to the eity is a combination of gravity and pumping. L'he latter is accomplished partly by
a couple of overshot water-wheels located in the old pump-house, and driving two horizontal pumps, and partly by
pumping machinery erected in 1870 and consisting ol a horizontal engine driving two horizontal double-acting
pumps, located in a separate stone building about 45 by 50 by 20 feet in size, sitnated between the lake and the
distributing reservoir, with hoiler-house 35 by 40 feet. The old pump-house and pumps are thus deseribed by the
former engineer: The house is a brick building 60 Ly 40 feet by 25 feet high, Two wheel-pits excavated in rock
are each 35 feet by 6 feet 6 inches by 17 feet deep, connected by a water-way 50 feet 6 inches Ly 9 feet 6 inches by
17 feet deep. The tail-water passes under the foundation-wall into an arched eulvert 8 feet high by 8 feet wide by
50 feet long, and thenco througl an open race into the river below the dam. The water from the lake, after leaving
the screens in the pipe-chamber of the dam, passes through the 4-foot iron pipe surrounded by an arched brick -
eulvert into two cast-iron tanks containing a series of gates. Qast-iron pipes connect theso tanks with two cast-
iron forebays as well as with the rear valve-boxes of the pumps., The forebays conduct the water through gates
at various points to the wheels. The two wheels built in 1861 by the Farrell Foundery and Machine Company of
Ansonia, Connecticut, are wood and iron back-pitch overshot, 30 feet in diameter, The buckets are of wrought iron,
6 feet long. The power is transmitted throngh a 100-cog driving-wheel 7 feet 11} inches dmmeicr, and a pinion of
43 cogs and 6 feet diameter to the pump-piston. The two crank-shafts are so arranged that either pump ean be
operated by either wheel, or one puny by both.

The two pumps are each single-cylinder horizontal with o diameter.of 16 inches and stroke 5 feet, comnected
with two air-vessels 7 by 3 feet each. Tach pump has a capacity of 521 gallons, and is driven at 12 to 124 double
strokes per minute. The wheels are run under a head of 34 feet 8 inches, and are caleulated to raise 1 gallon of
water 115 feet high to the reservoir with the expenditure of 5 gallons of water.

The water from these pumps is raised throngh 3,100 feet of cast-iron 16-inch main, with two check-valves, to

the Sachemn Hill distributing reservoir. 5
' o1



98 | WATER-SUPPLY OF CITIES—NEW HAVEN, CONN.

The steam-pumping machinery, built in 1870 by the Yale Iron Works of New Hampshire, was intended to
assist tho foregoing in particularly dry seasous, and is occasionally used in winter, and to a considerable extent
in summer, The engine isa horizontal fly-wheel single-cylinder condensing engine of 26 inches diameter and 4 feet
stroke. When pumping, it is run at 55 revolutions per minute, and is caleulated to pump 320 gallons of water 115
feet high with 1 pound of anthracite coul. It was erected to supply 6,000,000 gallons, and has frequently veached
6,125,000 gallons per 24 hours, using 4 tons of coal for the purpose. The valve and cut-off motion is given by
cecontric rods from the main shaft, and the old-fashioned slide-valve is employed,

A Dattery of three return tubular boilers, of Boston make, furnishing steam under a pressure of 40 pounds, are
20 feet long, with thirty-three 4-inch tubes in each. To this engine, by gear-wheels, are connected two sets ot
double-acting piston-pumps, one on each side. They are geared down torun at a veloeity of 12§ double strokes to
55 revolutions of the fly-wheel.

The pump-pistons are plain, 21F inches diameter and 5 ieet stroke, operating a pair of flap-valves at each
end of the eylinder at every stroke, one suction and one discharge, with a litt of 6 inches. They discharge into a
force-main 24 inches in diameter, of wrought iron and cement, extending uphill to the Sachem Hill reservoir, a
distance of 1,800 feet, under a head of 95 feet. Adir-vessels are connected with the pumps at the engine-house and
a siphon-condenser 24 inches in diameter. The duty of the engine has never been ascertained. This engine-and-
boiler house is of the rudest character within and without.

The Sachem Hill reservoir is situated on the summit of Sachem hill at an elevation of 129 feet above high warer,
and & short distanee from the steam puml\ -house (exact distanee unknown). It is elliptical in plan, and divided
into two compartments.

The sides are partly earth embankment and partly excavation. The inner slopes are puddle-faced, 18 inches
thick, and a layer of same thickness covers the bottom. Concreté 4 inches thick is laid upon this, and the slopes
are covered with a 12-inch riprap of stone in cement. The total depth is 23 feet, and the water-line is maintained
at 19 feet. Dimensions on the water-line, 488 by 244 feet; inner slope 1 to 1, and outer 1§ to 1; width of banks at
top, 10 feet; capacity, 10,000,000 gallons. The influent-chamber is located at the east end of the partition-wall of
the reservoir; it is divided into two compartments, so that the force-main empties into the first, and the water
passes thence directly into either or both divisions of the reservoir by means of 12-inely iron pipes laid through the
other compartment on which the valves and gates are situated, or it can pass through a 10 inch cement-lined
wrought-iron pipe laid in the partition-wall of the reservoir directly to the effluent-chamber.

The dimensions of the effluent-chamber are: foundation, 28 by 24 feet by 3 feet deep; walls, 6 feet thick at
bottom, and 2 feet 6 inches at top; division-wall forming the two chambers, 10 by 6 feet by 18 feet 7 inches deep,

The effluent- ch'unber has a depth of 20 feet 1} inch, and is otberwise a duplicate of the influent, with similar
screens, ate,

From the water-works to the city there iy laid one 16-inch cast-iron main, 14 mile long, three 16-inch wrought-
iron and cement pipes of 3 miles total length, and 9 miles of 12-inch pipe of same material. The disteibution is
accomplished through 102 miles of pipes 4, 6, 8, 10, 12, and 16 inches, respectively, in diameter, and mostly cement-
lined wrought iron.

Oonsiderable lengths of a patent pipe made by D. G. Phipps, the present engineer, are used, and seem % give
entire satisfaction. There are in the city of New Haven some remarkable cases of interior corrosion, 16-ineh pipes
reduced to an effective diameter of 12 inches, and 12 to 9 inches.

Nine hundred and four cement-lined gates are used.

The number of gervice-pipes is about 6,500, and average consumption 5,000,000 gallons per day. _

The first cost of the works was $357,000. The cost to date is not known. Cost of maintenance and repairs fox
1879, not including interest, was ﬂ»bO'llt $35,000. The hydrants nsed are made by Bigelow, of Now Haven, and about
700 are in use. ‘

Appended will be found a statement of original costs relating to construction in 1862 :

Approzimate estimate of work done and materials delivered, wp to and including December 31, 1862,

DO g0« o e et e et e m et s e vk et e seeime e s mae e o mnen e e e e nnanan $6, 000 00
ROQAE caerenciinrr cieninae arune O S . 5,000 00
Drd 08 e 4emtaa it e e et ed e ceee eis et ke men eeee mmn meeaeennesramean e amae 20, 000 Q0
D SN meae ieeme meacs e vaeeamae cean . 46,840 00
PUMDIOUBE 4ren te e et vt ceec men rerce e e enaans s e e aenem e a e aet e ane e ann 9,059 10
"Wheels and pumps. ... b em s e 4m e mu e et asaannsaaene nm e m e amaann Seanemne inenan arene nan 18, 000 00
B g N 45,160 00 -
DISERIWEIO + o2 oot oo e e e et et e e et ee e en e eoon eeemn emees s e cnan een 119,975 00

TTOEAL ¢ - e e cemce o mae e e e e e e e e e e e e e e e aa e e 270,934 10
Less 10 per cent, resorved covlvn coen o ... S N 27,003 41

B 2 e emmet e cmea amuens me s wenene e cmmnen 243,840 69
Lands, Wwater-rights, ebe. ..o L i iin it e et i enane c e aen vt aemnan sknnnenn mmees T5,000 00

Total amount of eStiMATE o .. .o it ot it it e oo cce e e ceeeeni e nan s ananne eea. 318,840 69

614
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Bronglt forwarls oo e it c i e e e it i eeeameme e etn e e i cmaeet are s $318,840 69
Work remaining to be done to complete the contract:
DAL o e e e et e b et e deeag e caa e tmmee e aare s s $3,160 00
PUIDIOWSE «aes eien eiae incns satame camn cnmn cmnesnns cmsn ammmanaane nenemman mmanereenneanse 40 90
T P . (1 01
DASETIDUEION «oen i it i it it iied reaes meee s aanatm aae s anne e 2 00
— 4,065 90
B 40 N e e aama s saamen venuen tamdmr e e na 322,906 59
AQd TCSETYE POTOBIEREO e tams wee s cnnn smne sena e vene suns smuscnes man anns smanconsvunnns cnnmnsanaans 27,003 41 .
1Y O 350,000 00
Paid ongineer f0COMME cue e« v e et it i eaeias caa cmeman ame canm seeoms sraenenenraeeenane 7,000 00
T PP U 357,000 00

Tive analyses of the water of lake Whitney give the following results:

ANALYBIS,

Constituents,
No. 1, | No, 2, | Ko. 8, | No. 4, | No. 5,

Organio mattor, graing per gallon...... 1.0 6,0 L9 | &0 7.0
Inorganic matter, grains per gnllon.....; 4.8 3.6 8.7 3.2 2.3

The present engineer is D, Goffe Phipps, esq.

SALEM, MASSACHUSETTS,

Salem contains a population of 27,563. Located own a sandy strip of laud between the North and South rivers,
two inlets from the Atlantic ocean, it is quite level, with streets laid out at vight angles. Its interests are maritime
and manufacturing,

The city was one of the carliest in this country to utilize a general water-supply. This water-supply was
introduced in 1797 by a number of private eitizens, and was brought in 3-ineh pipes made of saplings, tho head heing
but afew feet, and the reservoir from which they started consisting of o large eask sunk in the edge of a small pond.

TFrom 1797 the works continued to enlarge and extend under the proprietorship of corporations until January,
1866, when the city began the construction of water-works of much greater capacity. The cost of the old works
~ had reached the sum of over $250,000.

The system a8 now existing is pumping to o distributing reservoir or to o stand-pipe at will, the water being
obtained from Wenham lake, 4§ miles from the city., This lake is situated partly in the town of Beverly and partly
in the town of Wenham, with an area of 320 acres and average depth of 53 fect. Iits elevation is 31 feet above high
tide, and yiclds an estimated minimum of 2,000,000 gallons per day. It is supposed to derive its water from
springs in its bed of sand. Its water-shed is 1,716 acres, A swamp, known as Wenham swamp, a short distance
to the northwest, is soparated from it by a porous strata, and, owing to an elevation above the lake of a few feet,
may farnish much of the supply. The storage supply is practically unlimited.

The water is drawn from the southerly end of the lake by means of a cast-iron pipe 36 inches in diameter and
175 feet long. Its open end projects 82 feet into the lake, and the other enters a stone gate-chamber 10 by 8 feet
by 13 feet deop beneath the engine-house,

The well-chamber is divided by a vertical wall of masonry, with four gates, each 2 by 3 feet, one above the other,
and regulated by a sot of hoisting machinery. Double screens of §-ineh mesh copper wire are also used in the
chamber opposite these openings. The lake end of the pipe is bell-mouthed and slightly turned wpward (with a
grating) to facilitate inspection from above. Leaving the well-chamber, the water passes through a brick condnit
26 feet long by 7 feet wide into the pump-well. The latter, as deseribed in the report of the comwissioners for 1869,
is of masonry lined with brick, 1 foot thick, and 31 feet long by 16 feet wide by 14 feet deep. The Dbottom is
built npon quicksand, and consists of a paving of brick laid upon a flooring or foundation of 2 feet of concrete
resting upon a platform of timber. The capacity of the pump-well and brick conduit is 45,000 gallons.

The rainfall at the pumping station wag 60,94 inches in 1878, and 39.69 inches in 1879, an average of 50.318
inches for each of the years named.

The engine-house is a plain brick building, 87 by 57 feet Ly 27 feet high. The engine-room is 53 by 50 feet
by 21 feet lunh, and the Loiler-room is 53 by 33 fwt by 25 feet high, containing two Worthington duplex compound
pumping-engines of 5,000,000 gallons capacity cach in 24 hours. The diameter oi suction-pipe is 24 inclies; of water-
piston, 22 inches; tho htl‘O]\O is 48 mch(,s, diameter of low-pressure steam- c3]1nders, 308 inches; of lnah -pressure,
21 inches. '

Tach pump-eylinder containg 64 rubber valves, each 8 inches in diameter. Theaverage speed is 48 strokes per
minute, The pumps are run & mouth at a time, alternately, during about 11 hours per day, five days in the week. ‘

The water is forced through 5,600 feet of 30-inch cast-iron main, under a pressure of 114 feet head, into the

distributing reservoir on Chipman’s hill, in the town of Beverly. ’lhe thickness of the pipe varies ﬁonﬁlllJE inch at
5
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the pumps to § inch at the reservoir., The space occupied by each pumping-engine on the floor-line is 30 by 94 by
94 feet. The ratio of expansion of the steam in the compound-eylinders is as 3 to 1.
The air-pumps, four to each engine, are each 14 inches stroke and 2 feet diameter; the jet-condensers, 24 inches
diameter by 4 feet. A battery of two multitubular boilers furnishes the necessary steam. They are each horizontal,
13 feet long by 63 inches diameter of shell, with eighty 3-inch tubes in each. A mew battery, just completed,
_contains two boilers, each 66 inches diameter by 14 feet long, with ninety 3-inch tubes in each, The evaporative
power of the old battery is 9% pounds of water to 1 pound of anthracite coal; of the new, 104 pounds of water to 1
pound of coal, The record of these engines for 1879 may be seen from ihe appended statement from the last report.
The actual duty of the engines is 55,000,000 foot-pounds, and 75,000,000 have been obtained. The guaranteed
duty was 60,000,000 foot-pounds,

Time of pumping, hours ..o ccueviiiniiviaan e e ma eemeeeatameas cmma memn et aeeubanen i ahanan e 2,018.9
Coal congunmed, POTNAS .. vownel cvmaen cmme cmcmas e o aecesamtn coen cestasuaeas arar e as e nkesnanany 1,286, R70
Water raised to reservoir, gallong .oo v corsciit i rre sttt aietcmmm e e me e senen e eeeons enee 107,502, 450

The reservoir, situated on Chipman’s hill, is an e'u"tnworh 400 feet square and 23 feet deep, and containg
20,000,000 gallons. The elevation of the top surffwe is 145 feet above high tide. The width of thé top of the banks
18 156 feeb. The interior and exterior slopes are 11 to1l. A wall of puddle is built through the center of the banks for

- their entire length, and for a height of 127 feet above the reservoir bottom it is 10 feet thick, with a thickness of &
foet for the rest of its height. These puddle-walls are connected with a layer of puddle under the whole hottom of
the reservoir from 2 to 4 feet thick. TUpon this bottom layer is a bed of gravel, 1 foot thick, upon which a cobble
paving of stoneis laid. Around the inlet-pipe this paving becomes cement masonry, to prevent damage by tho
inflow of the water, and is about 50 feet square. The face of the banks is covered with 1 foot of gravel and 15
inches of quarried granite, except at the inlet, where 9 inches of concrete replaces the gravel, aud the whole paving
is 1aid in cement, The two effluent-pipes from the reservoir are of 20 inches diameter, one from each of the corners
on the south side, and join, o short distande beyond, into one 20-inch main supply-pipe to the city. They take the
water from sereen-boxes, with copper §-incel mesh-wire sereens, at a point 2 feet from the bottom of the reservoir.
Briek piers support these pipes-as well as o 12-inch ivon waste-pipe, as they pass through the banks.

The force- and supply-mains, on opposite sides of the reservoirs are directly connected by a braneh pipe, 30 inches
in dianeter, passing outside «the foot of the western bank; and at a point 510 feet from whero 16 joing the supply-
main a small stand-pipe has been erected. The latter is of wrought iron, 30 inches dinmeter, from - to 4 inch thick,
and 53 feet high,the top being 25 fect higher than the reservoir. In this arrangement the water may be supplied
direct to the eity around the reservoir,

The main supply-pipe is 20 inches in diameter, 21,453 feet long, and of cast iron. Where it erosses the river it
takes the form of an inverted siphon for a distance of 53 feet, and extends below low water to o depth of 14} feet.

" The siphon is 30 inches in diameter.

The distribution ig carried out in wroughtiron cement-lined pipes, 12,10, 8, 6, and 4 inches, respectively, in
diameter, the total length of the system being 86 miles, 43 of which are in the town of Beverly,
Thcr are in use (1880) 343 fire-hyydrants of the Lowry make, and about 480 Coffin patent gates, made by the

Boston Machine Company.

The total consumption averages from 2,000,000 to 2,600,000 gallons per 24 hours, with 4,550 service-pipes or
connections.,
The first cost of the Works may be seen from the accompanying list:

Actunl cost. Actual costs
Pumping-engine .. ...vceiviiiiii ot cenn $35,117 75 || Siphon and Lridge.. .covvevrnirs vuns ananaee §33,831 00
Engine-honse. .ivevinneecamecseuons sann-ae 103,243 29 || Contingencies and eugmeerm , & per cont . 55,805 78
Mains and stand-pipe ceovoieeiaen ciinan wnns 321,278 59 g
Distribution pipes eveeeeenronevuncarcean. il 258,607 97 TOBY s ces erees it cvmmas cammns bmmen 930, 586G 66

' Reservoir ...... Chriessmaeanemie ann e 127, 652 28

The total cost tolDecember 1, 1879, was $1,383,155, and the annual cost of maintenance for 1879 was 21,114,
exclusive of interest.

The following meters are in use:,

v

Kind of moters, E 'g ’g g 'g 'g E '_é

S (A [ H | A ldf{ew|m| &

Worthington ........ el 2 481 .| 15 72
Union rotary «..co... vee 21 4] 4116 a
Ball & Fitts.ueereenn. RPN PR DS A § 1 2

| Gem.eeeivniineiios b Tl B L anale 6
Crown .oveeeccaeeenn. (RS VO SR TIPS FORPNY RPN B | 1
Weir's motor ...... S TR R R I 3 B IO 7
Indieatora ....oveven. PO N R - R RN
Totad connenneenns Prps] efro| ¢|a] 1]

616
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An analysis of the water of Wenham lake, by Dr. Jackson, February 17, 1864, shows that one imperial gallon
of this water, equal to 10 pounds avoirdupois, yields:

Graina,

Organic (vegobable) mater ..oooevvrine i i e iaiimecrevnnn e e e meman aennesaeae hane enaee 112
Chloride of 8oaitm (S68-8A16) cuuuutiir e it ot iain e et aaraas creetr et ahmars reans ame cnae srranaeas 0.40
Bulphate of e ... aee s e i e i i ey e meae mme am e an anas i aan e 0.38
Oxido (originally crenate) 0f 10N . « oo et e et et e rat o s ca e rass saen eabnsabams snrnsane cnnnnansmmnes 0.20
Insoluble silicoous mabtter. ... .cvn i iir i e e crrecies rem e e e - . RSP 0.12
Tobal mMPULIEY vvn e e mie o it it tre s cre e e e eene e eaasenaaneinauns e mann 2.22

The present superintendent is James W, Lyon, esq.

CINCINNATI, OHIO.

Cincinnati contains a population of 255,189, and is situated on the northern bank of the Ohio river, 501 miles
above its mouth. Its interests are commercial and manufacturing. The site of the city is a semi-circular basin,
rising in two distinet terraces 50 and 108 feet, respectively, above the river, and bordered on the east, north, and
west by bluffs 400 feet high, of limestone, belonging to the Iudson River epoch of the Trenton period in the Lower
Silurian, The streets are very regular.

In 1826 a supply of water, introduced into the city by a private company, wag pumped from the Olio river.
In 1839 the works were purchased by the city, and are now managed by .a Loard of city commissioners. The
water is taken from the river at a point nearly opposite the center of the city, aboub d miles below its upper
limit, through inlets of masonry and iron pipe. A kind of wall is construeted near the river ehannel, and forms
the face in which the mouths of the inlets are sitnated. These inlets consist of two stone aqueduets, one 10 feet
wide Ly 21 feet, and 134 feet long from the south end of the pump-honse. On the river-ond a further extonsion is
made by two 40-inch pipes, resting on the river-lLed and extending to the ehannel. The other aqueduct or conduit
is 20 feet wido by 19 feef, and 134 feot long, as before, with a 60-inch iron pipe on the inside, extending o few feet
in front of the conduit mouth for an independent supply to pumping-engine No, 6. This, however, has fallen into
disuse, the river deposit having completely stopped it up.  All theso conduits are cleaned out once a year.

The dimensions of the engine-house, and the munber-and locations of the pumping-engines, may be seen from
the accompanying plan of the present main works.

The oldest of the engines in ise at present is known ag the ¢“No. 3 combination?, a sketeh of which is shown
in the cut on p. 103, Owing o the tremendous rise and fall of 60 feet to whieh the river is liuble, the pumps of each
set of engines are located in the bottom of pits from 50 to 60 feet Lelow the floor of the engine-house, upon which
their respective cylinders rest.

The No. 3 combination, built in 1845 by Shicld & Yeatman, of Cincinnati, consists of two horizontal steam-
cylinders driving a pair of fly-wheels on the same shaft, and, by connections with the same crank-pins, vertically
acting pnmp-rods operate the two pumps in the pit below, These pumps are non-condensing, with steam-cylinders
23 inches in diameter; pump-pistons, double-acting, 14 inches in diameter; stroke of both, 10 feet. The steam is
distributed by puppet valves, operated by a cam lifting the valve-levers, ag shown, There are two brass hinge-

valves in each suetion- and delivery-chamber, 8 by 10 inches, with a free lift. The speed of the engine averages

2 or 14 revolutions per minute. During 1879 the pumps were in almost continual operation 24 hours per day for
241% days. Their duty is small, showing only 43,560,178 foot-pounds of work when tested in 1872, although given
at 48,000,000 in 1880. The cost of the * Combination”is given at $85,000 originally, but much has since beoen spent
in repairs and alterations, The work done in 1880 can be seen from the table of operation for all engines, given
on page 104, The pump-main is 750 feet long by 17 inches in diameter, with & maximum pressure on the pumps
of 224 feet whoen supplying the middle service. Capacity, 5,000,000 gallonq per day, approximately. A Dattery of
three horizontal boilers, each 48 inches in diameoter by 26 ieeb Iong, of the Cornish type, with eight flnes 8 inches
in diameter, furnishes steam for the combination, These boilers have 44 square feet of grate-surface and an
evaporation of 83 pounds of water per pound of coal.

As the second engine, known as “No. 47, is almost exactly like No. 5, the third, a description of the one will
answer for both. A sketch of it is shown on p. 105. Itis a condensing-cngine, with double-acting piston-pumps,
the same as in No. 3, and with a capacity of 4,500,000 gallons per day. The steam-cylinder is 45 inches in diameter.
Pump-piston of No. 4, 184 inches; of No. 5, 194 inches diameter, and stroke of all, 8 feet. Double-beat puppet
steam-valves are operated by cams and plug-rods. The pump-valves are of sameo design and size as in No. 3.
Average speed of engines per minute equal to 16 rvevolutions. No. 4 pumped during 320-% days of 24 hours in
1879, and 2624 days in 1880, through 750 feet of 20 inch force-main against a static head of 165 feet. The jet-
condenser connected with it is 4 by 4 feet, with au air- pump « 3 feet diameter by 3 feet stroke, The duty-trial made
at same time as last showed 37,789,900 foot-pounds, and in 1880, 38,014,283 foot-pounds. The two engines, Nos, 4
and 5, are used only for the. low service. The cost of the I‘ormel was $30,000, and it was built’ by Harkness &

Son, of Cincinnati, in 1850; the latter. by Powell & Son, of Cincinnati, in 1854, for §35,000, and both at;‘tlef designs
)
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by T. R. Scowden, C. B. Two batteries of 4 boilers eacl, and similar to those last described, furnish steam for the
two engines, No. 4 being 30 feet long by 72 inches diameter, with three flues 17 inches, and two 21 inches diameter,
and No. 5 battery being 30 feet long by 54 inches diameter, with eight 8-inch flues and external furnaces, Those
for No. 4 have grate-surface of 133 square feet. and évaporation of 8 to 1,and for No. 5 grate-surface of 643 square
feet, evaporating 84 pounds of water to 1 pound of coal.
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PLAN OF MAIN PUMPING-WORES.

Emngine No. 6, which is used as auxiliary to the others in the worlks, was built in 1865 Ly the water-works, after

designs by George Shield, at a cost of $200,000, and is of theoretical capacity of 20,000,000 gallons, but actual .

available capacity of only 12,000,000 gallons per day. 1t is a condensing vertical-acting Buall-pumnp, the pump-

cylinder bleing directly beneath and the plunger operated by an extension of the piston-rod. The steam-cylinder
618 ) et
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is 100 inches in diameter and the stroke 12 feet. The steam-valves arc balanced puppet, with buffet on the plug-
rods. The condenser is of jet pattern, 6 feet diameter by 3% feet deep, with an air-pumyp 32 inches diameter by 12
feet stroke, located immediately beneath the steam-cylinder, and having its piston operated Ly the rod of the steam-
piston. The vacuum obtained is equivalent to but 14 inches. The duty of the engine averages from 21,500,000
to 29,750,000 foot-pounds, and it is used for both low and middle service against lifts of 1794 feet and 247 2% feet,
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SEETCI OF “NO. 3 COMBINATION" PUMPING-BENGINE,

respectively, including friction. On the trial-test in 1872 the duty developed was 23,580,687 foot-pounds. The
water-cylinder contains one double-acting piston-plunger, 46 inches diameter, with 12 feet stroke. There are two
valve-chambers at each end of the eylinder, which contain 7 rubber-faced iron puppet-valves each. They are 14
inches diameter, with a lift of 24 inches. The velocity of the engine averages 12 double strokes per winute when
in operation. There is a battery of five boilers, with external furnaces, each boiler being 28 feet long by 72 inches
diameter, and containing cach five flues—threo of 17 inches and two of 21 inches diameter. They have a surface
of 133% square feet, and evaporation of 10.12 pounds of water per pound of coal supplies the steam to operate it.
The ecoal used is first-quality bituminous for all the Loilers in the works.

Engine No. 6is connected by a 50-inch main 750 feet long, to the old or Third Street reservoir, and also with the
Tden Park basin by 3,300 feet of 46-inch main, enabling water to be forced into either by simply ‘operating a valve.

Engines Nos. 7 and 8, duplicates of each other, were built in 1874 Dby the Cincinnati Engine & ydraulic
‘Works, after designs by T. R. Scowden, at ‘a cost of $204,000. They are duplex non-condensing engines, with
steam-cylinders 28 inches diameter; pump-eylinders, 234 inches; plungers, 164 inches by 8 feet strolke, the pumps .
being of the Thames-Ditton variety, The average speed when in operation is 14 revolutions per minute, and in
1880 they were operated, No. 7 about 2834 and No. 8 about 267 days of 24 hours. The steam double-beat valves ave
operated by rocking-cams and plug-rods. Their duty averaged in 1880 about 39,000,000 foot-pounds. In the pump-
chambers there ave 7 receiving and 6 discharge brass puppet-valves, the former being 10 inches and the latter 124
inches diameter. In the eduction main are 7 check-valves of same dimensions as the receiving valves, The force-
mains from thie pumps to the reservoir in Fden park is 24 inches diameter by 3,600 feet long. The capacity of the

two engines is 15,000,000 gallons per day, pumped into the reservoir against a static head of 220 feet. rlg‘he steam
}
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is derived from three batteries of four boilers each, with shells 48 inches diameter by 26 feet long, each containing
five flues—two of 11 inches, two of 12 inches, and one of 16 inches diameter.

Operation of the Cincinnati pumping-works for the year 1880, showing the performance ¢f each service and engine.
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Qrand total of all the services,

Sorvices. 1870, l 1877, [ 1878, 1879, 1880,
Water pumyped from viver (low and middlo services), in million gallona .voetvevneannn-s 6, 821 6, 005 6,274 6, 467 7,086
Water pumped by high service, second lift, in million gallons. ..o oveve i iiiinniainenas 520 B2 | © 50D 508 [l
Conl consumed during the year for pumping purposes, IN tong cvveuiiveeaeiieariiaiaaes 18,405 16, 305 16, 800 16, 213 10, 023
Daily average consumption of conl, in tons..civvneciaviinniiaiunnnvane carmmsiisassanuns 60,9 440 4Ty 448 61,07
Pounds of coal for cach million gallons of water pumped.ec e veeeescasmee vamneracnnnans 5, 300 4,070 4, 745 4, BO7 4,848
Current pumping oxpense £01 tho Jenr ccveve venmeecannnrinaverramascmonnnvonnsnsnacanas| $104, 672 25 $03, 041 44 $04, 406 88 $102, 505 6o $114,023 32
Daily tverago PrIIPINg OX D ONEC. . cueveaucuesesscrtonsstsanannesoannsnassnssnnsonscarnnns $3260 80 #2606 65 $258 3D $260 84 $314 c0
Ctxaotn(ﬁ);gdgtrlgr(\s)ing ono million gallons into reservoeir (water pumped by high servico nob $10 G0 HB16 BP $16 00 15 88 $1a 77
Averago price of conl per ton . ,uee.riesannan MecamemestimenneResraann s bann Y AT ey $2 77 $#2°38 $#2 434 $2, 0By $2 86
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There are in use two reservoirs, one of which is known as the old Third Street and the other as the Eden Park
basin. The former is rectangular in plan, divided by a wall into two compartments. One of the latter is at the
bottom, 172§ by 108§ feet, and the ‘other 158 by 108% feet, with interior slope of about 1 to 6. The dimensions
at level of banks are, respectively, 1803 Ly 116§ and 1634 by 1164 feet. The capacity of the former, at 22 feet
depth, is 3,249,628 gallons, and of the latter, 2,961,024 gallons. Total depth, 24 feet. Tho reservoiris at an altitude
of 165 feet above the pumping-works, and is entirely above level. The walls have a hollow space between them,
and ave 74 feet thick at top by 10 feeb at base, and are tied together at intervals. This basin serves for the low
service, and is the recipient of water pumped by cungines Nos. 3, 4, b, and 6.
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SKETCH OF *NO. 6" PUMPING-ENGINE. '

The Eden Park basin is shown in plan in the cut on . 108, It is very irregularin outline, and is separated by a
masonry division-wall into two compartments. A heavy retaining-wall at one end is 1,251 feet lon g, andis shown in
section in the cut, which gives the dimensions.” The top of the wall, being used as a roadway, is supported by eight
elliptieal arches, 55 feet span by 8 feet rise. The division-wall is 400 feet long, 30 feet thick at base by 10 fect at
top, and has an effluent-chamber at the western end and an influent-chamber at the eastern end. A tunnel under

. the hill to the north, 12 feet in diameter and 1,100 feet long, of brick, conducts the efiuent-pipes to the supply-pipes.

'The depth of water i front of the main retaining-wall is usually only about 29 feet. Total areq of high-water

surface is 7 acres, and capacity 100,000,000 gallons. The division- and retaining-wall are both of rubble masonry.,
622 ‘ : ’
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Fluctuation of Olio Rizer 639
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The total cost of the Dbasin was $1,660,000, £1,000,000 of which was spent upon the retaining-wall. The water
can be made to cascade over the division-wall, which is 674 feet high, but the depth is nsually maintained at 29 feet.
The effluent-chamber is made pentagonal in shape, with two compartinents, one o dry well.  The oval water-ways
are coutrolled Ly valves, Trom the wet well two 38-ineh iron distributing mains pass along under the hottom of
the lower basin and enter the tunnel already mentioned. The reservoir, being surrounded by hills on all sides bt
one, is mostly in excavation around its sides, the slope of the upper basin being 2 to 1, puddled with blue clay and
imbedded with conerete. The whole bottom is also concreted from 12 to 18 inches in depth.

The middle and low service, supplied nnder heads of 172 and 110 feet, respectively, by the Eden and the Third
Street basing, is supplemented by high-service works on Hunt street for the supply of the residents on the bluffs,
These works consist of a rectangular brick engine-house, with boiler-house attached. It contains one duaplex
non-condensing horizontal-engine, built by the Niles Works, of Cincinnati, and a vertical compound engine, built
by the city water-works. These engines take their supply from the Iden veservoir supply-mains, under a head of
60 feet, and foree it into a coupls of tanks on mount Auburn, under a head, ineluding friction, of 340 feet,
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I)UPLEXI NON-CONDENSING NILES ENGINE. |

The Niles engine shown in the cut, was designed by Arthur G. Moore, the present superintendent, and Duilt
Dy the Niles works in 1869, It is non-condensing, with stcam-cylinder 18 inches in diameter by b fect stroke, and
the pump-rod is a prolongation of the piston-rod. The pump-cylinder is 134 inches diametor, and the friction-head
againgt which it pumps is 200 feet, through a main 20 inches diameter for 2,705 fcet, and 16 inches by 4,501 feet
long, for the remaining distance. The capacity of the pumps is 4,000,000 gallons per day. Average specd per
minute, 18 revolutions, working 12 hours per day. There are four inlet- and four outlet-valves at each end of the
pump-eylinder, and the pump is double-acting. These valves are brass puppet-valves, 7 inchies diameter by §-inch
1ift. The steam-valves are puppet relief-valves, operated by straight levers raised by & rocking-cam. The duaty
shown in its operation in 1880, daring 1064 days’ running time, was 45,886,944 foot-pounds per 100 pounds of coal
of an inferior grade. Steam is derived from two batteries of two boilers cach, with 48 inches diameter and 24 fect
lengih of shell. They each contain two 10-inch and four 8-inch flues, and the pressure is maintained at 125 pounds,
Their evaporative power with the poor grade of coal in nse is given at from 9 to 11 pounds water per 1 pound of
coal. Cost of engino erected, $15,000. ‘ ‘ -

The other high-service engine, built by the water-works, after the design of Americus Warden, in 1879, at a
cost of $8,600, is a vertical compound engine, with high-pressure eylinder 14 inches diameter; low-pressure, 224
inches diameter. Stroke of Loth, 24 feet. Pump-cylinders, 10 inches diameter; stroke of plunger, 2§ feef, and
double-acting. The high-pressure cylinder exhausts into the receiver between it and tho low-pressure, and the
latter draws it thence and exhausts into a heater for the feed-water. The steam-valves are D-slides operated by
the Cope & Maxwell isochronal cataract gear, The cylinders and their pumps connected can be operated at high
pressure sepai"zzl,tely. The pumps have a single snction- and delivery-valve in each end of the cylinder(.m.r They are
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hemispherieal rubiber dises on brass scats, with spindle.  The area of opening is 403 square inches. The receiver
ig 42 inches diameter by 72 inches high, with 4-inch connecting pipes. The eylinders derive steam from one of the
batteries last deseribed,

ettt
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Recelver
4319 727

WARDEY VERTICAL COMPOUND ENGINE.

The reservoirs into which the high-serviee engines pump are situated on mount Auburn, and consist of two
tauks of wronght ivon, one built in 1869 and one in 1871,  They ave sitnated at MeMillan and Auburn streets, and
are ench GO feet diameter by 38 feet deep, with its bottom of f-ineh plate resting upon w bed of sand, ‘The plates
are 50 by 140 inches eacl, and vary in thickness from $% to % inch.  The cost of cach was $15,000,  Thoe vertieal
seams are lap-welded and double-riveted. The force-mains supplying these tanks being tapped, they serve merely
ag stand-pipes to maintain the pressure.

The total length of distribution mains January 1, 1881, was 188.86 miles, of the sizes, cte., shown in the
subjoined smnmary:

) TFeet,
78 0T £ W nnsaaNeeaannes nmnn maas aannd meanre avan G0, i
4-inch ... ... . Ve et e heaanennn.aas reemeseaan e hmat e mas e 480, 027 4

L 1 U eseee e e emr smmeaanea i noae 2,040

[ 3 1) A e e me dee e aenuee e manaramas et anane e naea eme e e vwemea s 133, 805

S 8 4 ¥ U U P fmemwtsnnna PR Ceemmenees e, 47, 663

LS 07 # e e e e tme e eeaaaseaes wees s aamtenaersaasean san e aae Aane mane amne s aan 146, 304
18-inely cocav inno S . 103
14-ineh ...... e et e s e e emetmmne e G aeat emaeee amacunn et meas e wmnn e (7]
b5 ) O IS VPN 31, 346
F2l T T NP PR PUPOR £ N 2 3
5 24-ineh ....... [P e meeeeeaauans aneas b e taeseaes baenas tama cene e ana e 5, 607

N B0AREI c e e e e e e a M mean aem s e s e n e mmn s filet)

B £ T 1T 7,337
L 53T Y 4,783
0-I0EIL ot e e e e et it e et ek men e e eee e raasnnne 3, 788
ABANCIL 4o a e v mre nemte em e e ek e e ea o e a e e e o emae eaat e e emant e aan ceee 3,204

10 A 803

» Total number feet of cast- and wronght-iron water-pipe of all sizes in use in the city of Cincinnati December
31, 1880, 997,222 feet=188.86 miles, with 2,334 valves.
66 - :
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There were laid in the ciby up to 1838 about 118,000 feet of 24-ineh bored logs, most of which are discarded, and
none laid since that time. Two 85-inch mains from Eden reservoir and two 20-inch pipes from the Third Street
“basin are all the supply-pipes in use. There ave in nse 789 hydrants, mos{ly manufactured by Commings & Son,
- of Cinciunati, '

There are 23,000 water-takers recorded, and the consumption in 1880 averaged 19,476,000 gollons per day, of
whiceh 32 per cent. is supplied to the low, 67 per cent. to the middle, and 1 per cents to the high service.

The eity, in 1839, when it purchased the works, paid $300,000 for them, With the extension of them the total
cost to January, 1881, amounnted to $6,727,838. The annnal cost of maintenance and repair for 1880 amounts to
$200,000, and the total revenue for the same period has been $523,100,

Of meters there arve in use January 1, 1881, 545, as follows:

{
i
i
i
i
i
H
H
i

I I R I .
Kind of muter, T Y S 1EIE ’S o1 |

Bl 4 BT Tl = - = I

Y 0 0 il D

| v - Al ed | S| H
Worthington 104 247 |61 | 6524 8400

Tdon cevvainn i1
(R 7T SR 8
Mavslind ccen v varenafions 1
Ball & Fitts..oeounaofoas 1
[T} S 2
Tatul G5
In addition to these there ure 318 hydraulie elevators. ‘

It is proposed to erect new works on the river, outside of the city limits, at a point farther up, known as
Markley’s farm, where settling basins ave to be used. '

Analyses, made by Mr, Stuntz, of the water at difterent points in the Ohio river and of the works show the
following results:

Duarts by weight in-100,000 of water,  Hardness: Graing of CaQ0, in United Stales gallons.

ANMMONIA, mcmlu:yzlizgcr)lll‘z‘u«:l) ‘A’l‘ H 1:11:(‘:11‘1
. 4 S [
Locality. Date, E ’:g ] E < :'2 ; ] '
8q | 28 l B4 |82 B S8 .
&8 8 ] HE = B
¢H | B E £ e B 2 : 51
= 4 A7 18T & 1818 | B4
1880, ‘] ;
Bonte's well, Dayton, Kentneky..... September 17 foearanedoaaaac|[ieeineeifaneanimanacifloannas 1400 | PO Y
Bellovue well, Bulekyard...ovenne.ons September 17 |.. O TR (S AT O P, B S VI R
Pumping-Works vesess suesreevensane.| September 17 | 0, 0047 | 0,0218 6,06 6oz 6.8 07| T
TAEN LeBLIVOIL winernennneeirvenionss Septewber 17 10,0046 | 00214 1,201 8,16 1488101 0,75 C.8 T8
BLOTYS vovereruncnninennanmmneenannnes Septembor 17 | 0.0132 | 0. 0150 016 200! 13120070 6.8 G4} T4
Mackley farm ' ' September 18 | 0, 0010 | 0, 0121 8,20 204 1L 0221 6.3 w7 | Ho
Sand beach coveneannnn Septemibor 28 | 0, 0683 | 0. 0000 700 0 488 10,84 4 00271 T4 G| 71
Sand Leaeh QOctober 4 10,0000 | 0, 0087 806 | 4,047 13,00 0.82] 7.4 681 70 v
SLOPIE covvnr vvne veerininmreacocians Qctober 10§ 0. 0118.] 0, 0230 0,16 13,06 1121 0.77] 6.7 T T4
Saud Denelt coevi e November 1 | 0, G054 | 0. 0075 008 19,00 G202 7.3 neo47
Pumping-works .... November 11 0,0050 | 0,050 1 1114 ; L 001 1680 .38 B3 60 | 49
Storrs November 1| 0.0180 | 0.0188 [ 1L10 9570 | 13,80 i L10| &5 ) 50| 40
Bdlen 1e8eIVOIL wovrenvennece e rvines November 1|0, 0331 | 0. 0200 11. 68 ‘i 214 | 18, 86 ; 0,01 2 60| 49
Murkley filmees e cniiiianaannana.. November 8| 0.0015 | 0.002¢ |[ 18,10 )04 | 15,70 ] 0.00 .2 GO | o
Sand benell cooniiiieniiiiiiian e November 0| 0. 0040 | 0. 0244 7821 LT 0.52 . 0.80] 7.0 46 ¢ b4
Markley farm....... November 0} 0.0042 | 0.0028 || 32,44 [ 8,82 15,76 | 0.83 0.0 43 64
Pumping-works ...... roveeso| December 8 | 0.0076 | 0. 1360 1L06 | 68O | 17.86 1] 0.44 ) 0.8 491 35
[ST1T% 3 TN s evaessf December 40,0262 | 0.1200 18. 84 [ 4,021 17,86 3 0.0 | 4.7 801 40
[ 0 N T L (N b Deecmber 4| 06,0200 | 0,0728 10,08 13,20 | 13,08 1 0.G6L | 7.4 85 { 890
! Mrkley v, oo | December 4 | 00080 | 0.0420 {| 10,88 [ 272 10.10 ; 0,431 4.6 85, 45
[ Sand Deach cvaveisiar et riirrareiaans ’ December 14 | 0.0081 | 0.0170 1L00 7 238 1 18,38 :' 0.41) 7.9 66| 44
! : : LIS S | S -

The works are now managed by Mr. Arthur G. Moore as superintendent and chief-ongineer, appointed by the
board of public works, ‘ .
The water is sold under a special tariff of water-rates,
’ 627
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CLEVELAND, O0HIO.

Cleveland, with a population of 160,140, and situated on the shores of lake Brie at the mouth of the Cuyahoga
river, is an extensive manufacturing city. Its streets intersect each other at right angles, and most of them arve on
a l)hm clovated from 80 to 100 feet above the surface of the lake and that of the river, whose hanks rise to abous the
same height on either side.

Water was introduced in 1850, under munieipal control, and is derived by 1)umpm g from lake Erie. Tor thisg
purpose a erib is brilt in the Jake at a distance ot 6,661 feet from the shore. It was completed in 1874, and many
of the following details were derived from the reports of the trustees for that year.

The protection erib is built of 12-inch square pine timber, 61 feet high, of pentagonal form, eaeh side measuring
54 fect on the exterior and 19 feet on the inner or well wall. Between the two walls is an additional wall. ’l‘hu
space between the inner and the outer wall is 24 feet, and the walls ave tied together and braced, the face of each
being of 2-ineh cak plank. The spaces between arve filled with stone to a level 12 feet above lake surface. A filling
of conerete 5 feet deep, below low-water line, is placed between the outer and middle walls to form a foundation
for the stone superstrueture which was built thercon in 1878, Stoneis piled up against the outside of the eril as
a protection against the wash of storms, and the outer side of the erib is also plated for a distance of b5 feet below
high water with 4-inch iron as a protection against ice. Trom this crib, which is surmounted by a government
light, o tunnel under the lake extends, in a nearly straight line, 6,661 feet. It is 5% Ly 5 feet in diameter, and
conneets with the crib through a vertical shaft 8 feet in diameter, the bottom of which is 904 feet below lake surface,

ﬂl..!:.fr.,.. -.miii:iiui.lé.‘[!!!&:.Jlllmmunmnl'

\ ' ; EXGINE-HOUSE, CLEVELAND, OHIO.

"\ At the shore the shaft depth is only 674 feet, and diameter 8 feet. The construction occupied nearly five years,

) and, owing to the nature of the ground excavated, was a peculiarly difficult operation. There were 20 feet strata

. of qulclxsand in the shatts, and numerous uruptlons of water, gas, and clay. The total depth of the crib had to be

\inecreased from 44 to 6L feet. The inlet-shaft extends from a short distance below the floor of this exib to the top

-of the tunnel, and 40 feet of the lower portion is of cast iron 2 inches thick, the rest being §-ineh boiler iron, The
top of the shaft is 9 feet below water surface.

-+ From the. shore-shaft to the engine-house well a conduit of brick is constructed, oval in section, 4 by 5 feet,

and’ 3,000 feet long.  There are two engine-houses, one having been recently built. The former and older containg

& pfur of regular Cornish engines, erected in 1806 by the Allaire Works, of New York, coupled to 0'et;her, and each

of 4 oOO 000 galtons capacity. The cost compiete, w1th Doilers, was $83,000. These engines are 72 inches diameter

-of ste‘mk eylinder, 30 inches diameter of pump-plunger, 10 feet stroke of steam-piston, 8 feet 9 inches stroke of

pump- plstton, and run at from 7 to 11 revolutions per minute. Omne was operated during 116 and the other during

193 days 1\; 1880, They have plain plungers; oune suction- and one discharge-valve in each pump, 36 inches in
62
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diameter, of double-beat type. The steam-valves are operated by an eceentric from the main shaft, A spray-
condenser is used in connection with each engine, and is 2 feet 8 inches by 4 feet 10§ inches, the air-pump for it
being 36 inches diameter by 5 feet 2 inches stroke.  The duby has amounted to about 52,000,000 foot-pounds.

To supply steam for these two engines there are two batteries of three Cornish boilers each 6 feet diameter by
30 feet long, with a single 40-inch flue, and evaporating 7§ or 8 pounds water per pound of coal at a pressuve of 20
pounds, the fuel being bituminous-coal slack., From this engine-well the water is foreed through 2,300 feet of
24-inch main under a head (including friction) of 150 feet into the distributing reservoir. At the engine-lhouse a
stand-pipe is erected on this main, as shown in the ent. It is 148 feet high by 36 inches diameter, of boiler ivon,
encased in brick,

The new 1)111111)111@ -station is directly aeross the street from the old station, and contains three pairs of pumping-
engines, No. 2 heing a enderson duplex compound, similar to a Worthington in appearance, each pump having
a capacity of 5,000,000 gallons. It was built by the Cuyahoga Works, of Cleveland, in 1874.  The steam-cylinder of
each is of pecnhar construction, having an annular space 4 inches wide around the piston; this space is cut off
from the rest of the interior of the cylinder Lehind the opposite ends of the piston by a flange which fits the interior
of the cylinder, thus separating the steam-space at the ends of the piston from the annular space already described,
The cylinder, which is 8 feet long, is divided midway by an annular flange 4 inches Ligh east on its inside, through
whicl the main body of the piston works steam-tight, thus forming two annnlar spaces Letween the opposite ends
of the piston, each 4 feet long, in which the steam acts at high pressure, It is admitted at low pressure behind the
ends,  The steam-cylinder is 56 inches in diameter and the stroke 4 feet, operating a single pump- piston, as in a
Worthington, 31 inches diawmeter by 4 feet stroke. There are 16 suction- and 16 delivery-valves, cach 4by 16 inches, -

and rising # of a inch in guides. The engines without the boilers cost $52,750. The duty has only reached as

high as 37,000,000 foot-pounds, and economically they are considered of no great value as used in these works.
They were operated 70 days during 1880, running at a speed of about ten double strokes per minute, and showing
a duty of about 29,500,000 foot-pounds. A jet-condenser 3 feet 2 inches by 6 feet is used in connection with two
air-pumps in each engine, 28 inches in diameter by 2 feet stroke.

There are two batteries of boilers, one containing four marine and the other two tubular boilers; the former
are 8% feet in diameter by 20 feet long, and contain one hundred and four 4-inch tubes in each, Thoe pressure
averages 35 pounds, and the evaporation is 83 pounds of water per 1 pound of coal, The tubular boilers, with the
same ovaporation and pressure, are 6 feet in diamoter by 16 feet long, and contain seventy-two 4-inch tubes each.

LEngines Nos. 3 and 4 are Worthington duplex, the former baving been crected in 1876, and the other being
just completed. No. 3 cost 847,600, and No, 4, $38,500, ‘They are each of the following dimensions :

High-pressure eylinder, 333 inches diameter; low-pressure cylinder, 584 inches diameter; pump-plunger, 31
inches diameter; stroke, 4 feet; number of double strokes per minute, 12 5 capacity, 10,000,000 gallons.

No. 3 was m operation 304 days in 1880, and the duty somewhat exceeded 42,000,000 foot-pounds.

There are, ag usual, two air-pumps to each engine, one set being 27 mt,h(,s diameter, the other 233 inches
diameter, and pll 24-inch stroke.

The four engines in the new pump-lionse force the water through 1,600 feet of 86-inch main into the reservoir,
under a head of 150 feet (ineluding friction).

The reservoir is a rec¢tangular embankment structure 925 feet lon g by 95 feet wide on the bottom, 300 lcet by
175 feet wide at top, depth 21 feet, width of bank 16 feet, with a division-wall of earth 12 feet high faced with
brick and puddled. The banks are of earth with a puddled face 2 feet thick, and riprapped with brick laid in
cement and 4 inches thick; slope of the inner face, 14 to 1; outer face, 14 to 1; capacity, 6,000,000 gallons, The
whole structure is in embankment, The force-main enters through the top of the division-wall. The distribution
to 11,663 takers is carried out through 1258445 miles of cast-ivon pipe 36, 30, 24, 20, 16, 12,10, 8, 6, and 4 inches in
dnmetcr. There are 1,000 Matthews hydrants in use, The consumption in 1880 averaged 10,179,461 gallons.

Two lhundred and ninety-nine water-meters are in use, and 25 hydraulic elevators; the former are mostly
Worthington and Ball & Fitts patents. :

The original cost of the works was $550,000, and the cost up to 1881 was $2,630,520. The amnual cost of
maintenance and repairs was $55,652 for the year 1880,

A quantity of the water taken for analysis from the lake about 3,500 feet from the shore gave, on analysis by
Dr. J, L. Cassels, of Cleveland, the following results:

Potagsinm chloride . veu- o graing per gallon..  0.086 | Magnesium carbonate ....... grains per gallon..  0.488
Potassinm sulphato.. .c.oooviiiiviic@oneie-aons 0,090 || Peroxid6 of iron..cecue caiiiinnnn. do.eeuoee. 0,038
Sodium ehloride...... e e mans A0ueeeecaas 0,190 || AlODVTIEL c cveee cecimincaeecnvee «B0-aeeneae. 0.058°
Sodinm sulphato o oiiieriiiiaeni@0ninie i 0LI85 | BIleR ch venein i caaien can e (1 PO 0.030
Caleinm snlphate .. ... e A0 cvieneer 2,470 | Organicmatier......v.ieeseveeenana@odeeane 0,640
Caleium carbonate «.ooceennen wans {41 PR I 1 1]

The presence of lime is due to the fact that the city is built upon a limestono formation.
The repairs to the Henderson engines are expensive every year, 1t is claimed, and the Oormsh engines ave old,
though still 111 fair condxtxon.

'
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LOWELL, MASSACHUSETTS.

Lowell is situated upon the Concord and Merrimack rivers, at their confluence, and has a population of 59,475
inhabitants. It is almost entirely a manufacturing city, the chief products being woolen and cotton goods, carpets,
stockings, dyed and printed eloth, machinery, and shawls.

The water was introduced in 157 vnder the auspices of the city authorities, and is derived from the Merrimack
river by pumping, at a point about 13 mile above the center of the city. It enters o filtering gallery, located
1,600 feet above Pawtucket bridge, through an inlet-pipe of cast iron, 30 inches in diameter and 220 feet long, with

its river-end 45 feet from the river-bank, and bunilt upon a grillage, surrounded by masonry, and fastened by jron

bands to a row of piles. This was constructed to be used only when the amount of water passing through the

‘gravel-bank intervening between the filtering gallery and the river was insufficient to supply the demand for water.

As some details concerning this method of fltration, which is rare, are of much value, they are given here as

derived from personal inquiry of the water-works authorities, and the reports of the commissioners for different

years. The distance between the gallery and the river is 100.feet, in which the material is gravel and sand. The

~ gallery is on the north shore of the Merrimack river, and is 1,300 feet long by 8 fect wide and 8 feet high, The
intrados of the crown is on a level with the top of Pawtucket dam. Its walls are 2§ feet {hick, of stone in cement;,
and 5 feet high. The crown is semi-cirenlar, of briek, 1 foot thick, and laid in cement, Stone braces 1 foot square
and 10 feet apart are placed on the bottom and bear against the foot of the side-walls: Upon the bottom, coarse
gravel 1 foot thick is laid, aud all water enters the gallery from helow. Ifrom 1872 to 1874 this gallery served the
purposes of' the city satisfactorily, but in August, 1874, after constant pumping for thirty-one days, the water was
oxhausted, and it was found that about 940,000 gallons per day were being pumped.

On May 10, 1875, the supply again ran short after pumping twenty-one days, the yield being 960,000 gallons
per day. At the latter time the water in the river was somewhat higher than during the former trial, which would
probably account for the slight difference in the quantity furnished. Taking the aren of infiltration surface to be

~equal to 10,400 square feet, the area of the bottom, the latter quantity would give 92.3 gallons per square foot per
24 hours.

. As the consumption had, in 1875, amounted to an average of 1,219,225 nallons per day, it was resolved to
counstruct a filter-bed between the gallery and the river. This was completed in the latter part of the year 1876,
The accompanying plan (page 115) shows its mode of construction, with the following details by Mr, Evans, the
city engineer: »

It is rectangular in plan, with a Dottom aren of 11,400 square ieet The bottom is graded to an clevation of

24 feet, city datum, encountering a gravel stratum. The well-chamber adjoining the gallery, and seen in the
dmwm{,,, contains o gate to exclude the water of the filter-bed from the gallery, if desirable. It is of briclk, 10 feet
interior diameter and 19 feet deep, the bottom elevation being 23 feet, The pipe-connection with the gallery is 30
inches diameter and 12 feet long, of cast iron, entering the latter at the floor-level. ‘

The main drain on line A B of the filter-bed is of stone laid dry, 15 inches square at the river-end, 30 inehes
square ab the well, and 110 feet long, connecting with the well. Trom this drain 27 lateral drains of similar

construction, bub 8§ by 12 inches in size, extend to the foot of the slopes of the banks, and have a total Iength of '

1,350 feet. These draing are covered in layers with cobble-stones, 36 inches deep, varying from 3 to 8 inches in
dmmeter, scereened gravel, 1 to 2 inches diameter, 10 inches deep, gravel, ¥ to 1 inch diameter, 2 inches deep;
gravel, pea-size, 6 inches deep; coarse screened sand 4 inches deep; and, lastly, fino sand, 18 inches deep.  This
is shown at section 1 ¥ on the plan. - The top of the last layer is'l foot below the top of Pawtucket dam at an
elevation of 31. On the river side of the bulkhead or trestle-work the layers ave laid as in section C D of plan,
Ninety-two feet of trestle work divides the filter-bed in two parts at N M, the ends being connected to wooden
bulkheads, 8 feet 6 inches by 14 feet 6 inches, filled with carth and stones, Stone wing-walls forming the shore-
line extend along the whole front of the bed from these., The sides of the latter are faced like a reservoir
embankment with a riprap of granite blocks, sloping 1% to 1, and extending to within 8 feet of the top of the
slopes. Pinhe plank faces the river side of the trestle down to the cobble-stones, and a platform 4 feet 6 inches
wide covers the whole top. To this latter flash-boards are hinged, which, in winter, are laid ilat upon the platform
s and fastened to prevent damage by ice. The area of the bed outside of the trestle-work is 2,850 square feet. This
bed farnished a constant supply until 1878, when, for forty-three days in all, it furnished an average daily supply
of 1,579,810 gallons. For the rest of the year 184& or 269 days, the inlet- ga,te had to be partially opened. Owing
to the MWG amount of silt which the river carries, the deposit in the filter-inlet and on the bed is very large, the
formu' requiring to be cleaned as often as three times in a month., With an area, therefore, of 11,400 feet filtering
surfaoe and the yield calcunlated at-1,800,000 gallons, we Imve an average of 1o8 gallons per square foot as the
amount obtainable from the filtering bed.

At ’che lower end of the filtering gallery an inlet- clmmbu‘ is built for the purpose of connecting the river inlet.
pipe, already described, and the gallery with the supply-pipe or conduit to the engine-house well. This chamber
is 174 f%gg _\lede by 38% feet long, with a 15} by 13% foot wing. One portion of the chamber, 8 by 10 feet,

\ ‘
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contains a boak for examining the gallery,

115

The chamber contains self-operating gates, two in number, to regulate

the supply to the engines, Water can bo drawn into the supply-conduit either from the gallery or the river-pipe,

_Merrimack River
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or from Doth, Sereens are placed attho ends of the inlet- and supply-conduit, the
latter being double. A Drick gate-honse covers this inlet-chamber,

The supply-conduit extendy 4,182 feet from the inlet {o what is known as the
terminal chamber.  Parb ol it is tunneled, and the {all of the whole is § inches per
100 feet.  Itis eirenlar hrick masoury 4 feet 3 inches interior diameter and 8 inches
thick. Two manholes are built into it 1,100 feet apart. Abount 1,788 feet of it is
tunneled in rock.

At the casterly end of this conduit the terminal chamber is located, the top of
which ig 154 by 11 feet, and covered by an octagonal brick gate-house. A sluice-
gate, operated by hand, regolates the head of water in the outlet-pipe.  The latter,
known as the pipe-conduil, extends from this terminal chamber to the pump-well
of the engine-house, It is o 30-ineh east-iron pipe 6,655 feet long, A part of it
crosses a broolk « feet below its bed by an inverted siphon., The Iatter iy 100 feet
long andd about 13 {eet below water-surfaee, with a 6-ineh blow-oft hraneli, and a
manhole pipe connected with its lowest point. .

The engine-house is 56 feet 7 inchies by 75 feet, and the beiler-house, 41 feet by
b6 feet 3 inches; hoth are of brick,

There are two pumping-engines, one made by ¥, G. Morris, of Philadelphia, and
the other by I1. R. Worthington, of New York, The formeris a beam and fly-wheel
conipound condensing engine, witli bucket-and-plunger pumps attached. The
ratio of expansion from high- {o low-pressure engine is 1 to 5, High-pressure
cylinder, 36 inches diameter by 60 inches stroke ; low-pressure cylinder, 57 inches -
diameter by 96 inches stroke. The illustration on next page gives elevation and
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WATER WORKS,

~plan of the working parts. The steam-valves, of the double-beat puppet class, are operated Ly a graduated cam-

shaft geared to the drivingshaft. The speed varies from 22 to 26 single strokes per minute,
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column of the beam serves as an air-chamber, with a capacity of 360 cubicfeet. The a»ir-‘pump is LTS in.ches diameter
by 36 inches stroke, and is used in connection with a jet-condenser. The fly-wheel is 25 fect .111 (hun'xetey. The
pump-cylinder contains seven suction-valves of the double-beat (Harvey & West) pattern, cach 17 inches in dl.a‘lneter
The delivery valves are similar, but three in number. The pump takes the water during the
-ap stroke only, but delivers it in about equal quantities during the up- and (10\vn-stroke§. ’}‘ho 1)l.unger is 25.;15
inches diameter, and the pump 36 inches diameter by 6 {feet stroke. The guaranteed duty is 75,000,000 foot-pounds,
and the capacity was guaranteed at 5,000,000 g‘u]lm;s per day ab 113 revolutions. The actu_nl .(1ut-y, averaged fop
each month in 1879, computed frowm the amount of coal used in pumping only, was 100,07 ,3&:9 foot;pounds, tl_m
duty on the total coal consumed for the same period being 78,512,994 foot-pounds, no deduetion being made in

and 2 inches Iift.
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either case for ashes or clinkers. It is used during 12 or 13 hours per day.

The Worthington engine, erected in 1876, to be used when neeessary to repair tho Morris engine, is also of a
capacity of 5,000,000 gallons per 24 hours. The diameter of the hi
pressure cylinders, 43.3 inches; length of stroke, 48 inches ; diameters of pump-plungers, 224 and 22 inches,
» 27 and 30 inches, respectively ; stroke, 24 inches; Jjet-condenser, 35 by 72
65,000,000 foot-pounds; average speed, 12 revolutions per minute. A trial
, city engineer, in 1876, gave 69,000,438 foot-pounds, Its record for 1879 is given

respectively; diameters of alr-pumps
inches. The guaranteed duty was
under the direction of G E. Tivans

below:

A

Ti‘le cost of the Worthin

é

WORTHINGTON PUMPING ENGINE,

Number of daye PHMPIIE o i vt e aee v annan Chemmee e feeeieart e aann e mmrane 41
-Average number of honrs! pumping per day...oce oen.. A, (mmerraenes e e ani . 10.9
Number of hours’ PUMPING POE MONER + e oot et s mvmae v e e et e e e e e 448, 56
Numberof'strokesmmlcpermonth ........ . ...-....:..‘...........-...;.-..'. ........................... 230, 206
Average number of strokes made per minute...wes caeu.. A et iuietaaentaemanrcnrennnann hmeben mman amnn 10, 42
Average head, including friction, in feot....... earinetncrrraana - e merncea. feeas amas s ranane 163, 63
Quantity pumped per month, in United States gallons. oo . iiii e oo e e oo, e B, 803, 860
Average quantity pumped per day, in United States gallons ....... e e eenen s temean e mn—————an eeea 2,118,031
Duty in pounds, 1 foot high, with 100 pounds coal, used in pumping only, no deduction for ashes or elinkers. 74, 136, 672
Duty on total coal consimed, no deduction for aghes or elinltors «vv et i ii i i e s s eewn ), 862, 320

Hutton,E. M., « Steam-pumps-and pumping-en gines,” Vol. XXII of Tenth Census.) '

The ‘cgst of the Morris engine is approximated at $70,000. It isrun under 50 pounds of steam; cut-off at one-
.quarter; evaporation of boilers, 9.61 pounds of water per pound of anthracite coal. The steam to hoth engines is
feet long by G feet diameter, containing 9L brass 33-inch
Two are used at a time; each hag a grate-surface of 25 square

g.upplifzd by'a battery of three multitubular beilers, 16
whes mg}ch‘,’aud a heating surface of 1,000 feet.

gh-pressure eylinders is 25 inches;y of the low-

gton engine was $34,250. (For further details of these engines, sce report of I¥, B

=,

e - e -

[P —



PUMPING DIRECT TO RESERVOIRS. | 17

feet. One small 10-foot boiler is used to heat tle jackets of the Worthington eylinders. These pumps force water
from the pump-well through 2,660 feet of cast-iron pipe 24 inches diameter into the distribating reservoir under a
head at the pumps of 165} feet.

The reservoir, located within the city limits, on Bixth street, is partlyin excavation and partly in embankment.
In shape it is o square with two corners cut off, 520 feet long, 510 feet wide, and 24 feet deep; high-water surface
4 feet below the embankment top and 1813 fcet above datum; covers 7 acrves; water-surface, when full, 5.2 acres;
capacity, 50,000,000 gallons; only one compartment; slopes of the banks, 14 to 1 inside and 2 to 1 outside; interior
slopes puddled 2 feet thick, covered 1 foot thick with broken stone, and a granite riprap laid upon it 15 inches
thick. A Dbase course of 1 foot 6 inches forms the foot of the slope-wall, The whole bottom is paddled 1 foot deep.
A 12-inch drain-pipe from the southeast embankment serves to empty the reservoir for repairs, ete.  The width of
the Lanks on top is 156 feet.  From the gate-chamber a 30-inchi cast-iron pipe erosses the reservoir to the eastern
bank, supported on masonry piers. The gate-chamber is located on the inside of the western embankment; it is
divided into two compartments by a wall 3 feet 6 inches forwing the influx- and efflux-echambers. The former is
divided in two with an adjustable weir to measure the amount of water pumped. ITrom the weir the water passes
~ through the 30-inch pipe above mentioned. Two sluice-gates, cach 24 by 3 feet, protected by sereens, are placed
in the reservoir-wall of the efflux-chamber, one above the other, for nge in drawing the water from different depths.
An opening or sluice-gate, 2 feet 6 inches by 3 feet 4 inches, in the main division-wall, between influx- and efflux-
compartments, allows water to be pumped direct into the distributing mains through the reservoir. The whole
gate-chamber is built of cut granite and is 26 fect square,

The distributing system embraced, in 187980, 320,286 feet of cast-iron and of wrought-iron and cement pipes.
Of the latter there are but 4.31 miles, The sizes are 80, 24, 16, 12, 10, 8, 6, and 4 inches.

Water is supplied to 11,427 water-takers., The orlguml c()qb oi ihe works was $1,266,766, which has been
increased to $2,156,032 on J anuary 1, 1880, The annnal cost of maintenance and repairy was, for 1879, $21,228,
Up to 1880 ﬂmre were 653 five-hy drdnts made by the Boston Machine Company, and 554 meters, (h\‘l(lcd as follows,
and mostly owned by the takers:

Vavieties of metcrs, Lotal.

IL R Worthington, Noew York........ 421
Union Water Metor Company, Wor-

cester (Ball & Fitts) ! G4

B G AT 1111 ; . 00

W. E, Desper & Co,, Woreester ...... 17

U Stondad " ..., 1

Motor rogister .. .. 1

TObRY o ecienrcnrnansanmrrareanaraas G654

Tt is claimed by the engincer that the Morris engine has cost but 22 cents per 1,000,000 gallons for repairs for
several years. Tho consumption for 1879 averaged 2,024,768 gallons per day.

Analyses of the water, by Professor W. R, Nichols, ave appended. An examination of them leads one to suppose
that some water enters the gallery {from the land side, increasing the hardness.

The engineer in charge of the works is Mr. Horace G. Holden.

. &y n
g HOLID' RESIDUE OF ¥il. bt 2
5 TERED WATER. () 3 E g
M e PR . 5 52
Locality, : Date, g gg s 8 < l E Eg g 'g e
AL A - R R
ARSI AR RS N ED
A F a8 &8 818 ]9 | a8 |48
Merrimackiiver, oppusiminl(,-t‘clmmhur(b)( Soptember 2, 1878 .1 0.0027 | . 0089 1,03 Lu5 2,88 0.08
D T RN -~ed| September 10, 1873 .1 0, 0027 | 0. 0000 0.0 0. 84 1.75 0,00
Do (d) .1 September 10,1873 ..) 0.002G | 0. 0058 1.05 1.07 2,12 0.07
Do (f) <.l Tanuary 1,1874 ..... 0,0081 | 0.0058 | 145 | 117 | w2.e2| o012
Inlet-chomber, gnllery ..} September 2,1873 ...| 0. 0008 | 0, 0010 2,82 1. 08 8,87 0. 14
Do .eeeennen ---.| September 10, 1878 ..; 0,0008 | 0.0012 271 0. 08 3,80 0.12
DO ceeenneen vewesasa.| JanuAYy 2,1874 ., .., 0, 0038 | 0. 0022 8,04 0,70 3,74 0,15
Engine-house September 2,1873 ..,| 0,0012 | 0.0083 8.20 0.84 | 4,13 0,22
Water ag delivered in Towell voveennaves. [ July 10,1873 ..cunat, 0, 0012 | 0.0030 3.00 0,80 3.02 0.18
Do ..................;: .............. January 2, 1874...... 0. 0022 | 0. 0020 3,67 0,72 4, B9 0,18
@ Tiltered through filtering papor. d Water taken 100 fest from shore, 6 feet below surface.
b Water taken 100 foct from shore, 13 foot below surface. The unfiltered ¢ Theso doterminations were made on the epot.
water containg: inorganic matter, 1.17; organis matter, 1.40; totel, 2,57, £ Water taken 100 fect from shoro, 7 feet below surface.

¢ Traco of phosphorie aeid. g T'hese doterminations were made in tho Inboratory.
it



7—PUMPING BY WATER-POWER.

MANCHESTER, NEW HAMPSHIRE.

Manchester contains a population of 32,630, and is located -on the east Dank of the Merrimack river near its
confluenee with the Piscataquog. At this point it has o drainage area of 3,000 square miles, The interests of the
town arc almost exclusively manufacturing, the chief products being woolen and cotton goods. It is the most
important city in the state.”

The city is laid out with great regularily, as may be scen from the accompanying map, and is comparatively
level, ' :

MAT OF THE CITY OF MANCOHESTER.

The water-sapply introduced in 1874 by the city authorities is derived by pumping from lake Massabesic,
situated about 4 miles east of the city. This lake has a water-shed of 45 square miles, and an arca of water-surface
of 2,350 acres, with a circumference of 20 miles, Adcording to Mr. Fanning, chief enginder, the surfice of the
adjoining country is hilly, with impervions soils and but little meadow-land in the vieinity, and the shores of the
lake arc somewhat abrupt. This lake lias been utjlized for supplying the city with water by damming its outlet
with a rough dam, producing a head of water of 24 fecet by which to operate a set of turbines driving the pumping
machinery. The average daily flow from the lako is 40,000,000 gallons. The head produced by the flash-hoards of
the lower dam, orthe total depth of the lower pond below the main dam which ean be drawn upon ab present, is
about3 feet. The averageyield of the lake for domestic purposes, when utilizing it as power in pumping, is estimated
at 8,000,000 gallons per day raised into thoe reservoir, The 8 feet additional depth produced by the Jower dam are
equivalent to an increase of storage of 2,345,000,000 gallons. v '

The main dam is located at A (see diagram on next page), about 3,000 feet below the old outlet of the lake. The

dam js s(l)giwn in section. Its total length is about 225 feet; width of top of banks, 22 feet; total height of dam,
C, 0634118 | ‘ ' : ‘




PUMPING BY WATER-POWER. 119

28 feet. Tho waste-weir or overfall is 42 feet long, of masonry, with a series of 7 steps on the lower side to break
the fall of the overflowing water, a fall of 243 feet. The sides of tho overfall are protected by abutments. Beyond
these the dam i3 of earthwork, with o masonry priming-wall 24 feet thick at top and sloping 1 to 16, A riprap of

MANCHESTER WATER-WORKS,

stone faces the upstream side, and the lower side is grassed, both sloping 14 to 1. A vertical masonry wall rises
from the face 2 feet below hightwater mark to o height of T-feet, making the width of the banles 22 feet, upon whiclt .
a roadway is constructed. The overfnll is spanned by a bridge, ‘

DAM OF THE MANCHESTER WA TER-WORKS,

The water, flowing from tho above-described dam, extends itsclt over the Jower pond shown in the plan, and
at the outlet to this is erected the rougl wood-and-stone dam mentioned. Trom lere an open diteh conveys the
water about 1,000 feet to the hiead of an excavated eanal, one end of which ean be seen in the accompanying sketch.
This eanal is about 16 feet deep by 1,470 feet long by 33 feet wide at top.  Trom the lower end of it, controlled by
gates and protected by screens, the circular wooden penstock extends to the pump-house,

The upper end of the canal has also a set of four gates, 3 by & feet each, similar to the lower ones.  The sides
of the canal are unpaved as yet. The penstock is 6 feet internal diameter, bound with iron hoops, and 7106 feet
long. " At its foot in the pump-house the head of water is 40 feet.

The pump-house is o plain brick building, the left wing Leing the engineer’s dwelling. It contains o set of!
pumping machinery, shown in 1)1;111 and elevation on page 120, which is operated by two Geyelin tnrbines, The
whole set of machinery was Luilt by R. . Wood & Co., of Philadelphia, in 1874, The turbines are 36 inches
diameter, under a head of 40 feet, aud so connected that either or both pairs of pumps may be ran.  The pumping
machinery contains two pairs of upright pumps of the hucket-and-plunger type, with four16-inch eylinders, 40 inches
stroke, and 11j-inch plungers, each pair having a capacity of 2,500,000 gallons each, and running ab an average
speed of 18 revolutions per minute. They are run constantly. The pressure on the pumps in lifting to the
reservoir is 110 pounds per square inch, The pump-valves are double-beat. ' 6'%;

hiy



120 | WATER-SUPPLY OF CITIES—MANCHESTER, N. I

From the pump-house a cement-lined wroughtiron force-main, 20 inches in diameter and 8,170 feet long, leads
to.the distributing reservoir, This is situated at the “Centre?, at an elevation of 152 feet above Tlm street at the
city hall, making a 1ift of 113 feet above the high-water level in the lake.

Tl
/////’/r ]
I

i
r'/{’,’ i

f————

[

-
L Thota Electietypo Co. Nﬂ

The annexed diagram shows plan and sections of the distributing reservoir. Ifis in earthwork with conerete
face 10 inches thick, laid to within 4 feet in perpendicular depth of the surface. Above this the slope is faced with
magonry in cement, It is rectangnlar in plan, 460 by 265 feet at the top of the banks, which have a width of 18
feet, and slope 13 to 1 inside by 3 to 1 outside. Area of high-water surface, 2.75 acres; depth, 19 feet; capacity,
about 13,500,000 gallons, A concrete bottown (12 inches thick) to the reservoir prevents leakage.

e
Ty,
CAet I oLl Ll
A LT

Tiadvgnye  BLevion

DISTRIBOTING RESERVOIR OF THE MANCHESTER WATER-TVORKS,

The force-main enters the inlet-chamber at the southern end of the reservoir. In this is & measuring-weir and
inlet-sluice, over which the water may be passed into the reservoir. At the opposite or northern end is the effluent-

chamberzs 3:sﬁhov«m in the cut on page 121, the arrangement of the gates, ete., being there given.
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The foree- and supply-mains are directly connected around the reservoir, as shown, a gate being placed in the
conneetion just beyond its junetion with the forece-main to Ollchblb the water o flow into the distribution mains

without passing through the reservoir,

DISTRIBUTING RESER\"()II‘\——F.';ECTI()NS O EFPFLUENT CILANMBER.

From the reservoir a 20-inch cement-lined wrought-iron pipe, 6,800 fect Jong, extends to the city mains,
The distribution system, the total length of which is given below, is carried out-throngh cementlined wrought-

iron aud & few thousand feet of cast-iron pipes.

Coment-lined pipe. Teot. | Cnat-lvon pipe. Feot.
U LY A SO 1 (I = 1T LV 15 4 1L A O 104. 00
B T R PN PR G,826,00 § 14-0neleecencornercins it heremmennr e sannn, 4,925, 00
) 8,400,00 || I2-Ineh. oo e e e e i manama G, 002. 00
1040000 L et ce i e i irr e ae e e 6,181,756 §| 10dnele.ees caemcr ciiaen vaes e dbmn e s 6532, 00

8-ineh...,.... e te rmmeamnecarsannnarrenat hum e an 12, 644, 00 e R T) | WU 2,346, 00
.G-inch..... ememeeeanaeaneea, e e e nnna, 82, 734, 50 GoIN0] e e eeesmeans vare . 14, 949, 00

4-inch...... fewmet e . e enbreeenmeer s s #0950, 00 L DY) N N 480, 00

Total weeeenncnen s e e cermarbanat asnnan 145, (20,15 |; LOBIL vnee it cemes veee saenne mmre mmmne el 20,847, 00
Baual to 27995548 miles. i Lqual to 63447 miles.

Total of cast-irvon and cement.lined pipe, 33184%48 miles,

Three hundred and five Liydrants made by the Boston Machine Company are in use up to date, with 257 gates.
The consumption averages 1,250,000 gallons per day, delivered to 3,950 families throngh 1,800 service-pipes, at

an annual cost for maintenance and repairs of $11,600 for 1879,

The first cost of the works is given at $614,000, the main dam baving cost $101,198, This has been increased

to $742,128 up to January, 1880, divided as follows:

Land and wator-rights ........ Nei wen rmm s e semean tmany mae e et haaennaanaisnen e anes
Dam, canal, penstoek, and Paee. civnes cenmeivin caninnvranens emeeeananann P
Pumping machinery, pump-house, (1\\c,llmg, ]
Distribuling reservoir and fixtures .......iooonooiln e et eceeetaae ey s B

TForee- and SUPPLY-MHIIL co et et e it ittt are s csren srsee s aa mne e s e RRES .
DiIstribution PIPes cous aeer mes tavrr ce i cear rmtcia ra ek rnns senn tme ey e nas emnuny e
Fire-hydrants ANQvAIVEE . au. cert o it iiema e e iarisee caccmnsaeeasasnes ameesernreaesse e as aiaan
Tools and fixtures...... e, s SR - A,

Boarding- and store-NOTSEE . e vvr cimmit it cseninire vaen siaa sraa et Semuroee s e r ey maa o anas
ROAAS AN CUIVEIES o ar e vocn vt ot dres veceae cesu s immas cambn mmaeesns sman somssmaass sans nononrscans ansas
SUPPHCB e iee niennncamanan D eereemanrena s P
B Y T3 LRI E TR R

Livery and raveling OXDONSCE .. oo o ie et meeme aena eem s arn ce i annan et a s aes oee caae .
Lopal oXpenses ccviiiveineivaians vaenenns h e m e meem e mae i aem e et mmae amas mres e [
Grading A0A FONCINE ¢ o aoin fornere dere s ceacme amm it caesean eaess eem ot anaa ans e e i e
Ty LT 1 L

Meters, boxes, and brags conneelions ... o ool o coir il i e e s e e e

Total construction SUCCOMIIE . v ames smme amue amie me mn mene amne asbann s muns seansnss nos aassannnassns

$30, 858 67
101,108 20
£8, 493 96
71, 542 36
88, 674 02
245, 106 b1
30, 149 99
10,649 95
019 36
2,084 24
550 89
22,176 19

-2, 856 64

H63 70
11,349 62
Q7,847 49

7,007 T

742,128 50

The analysis of water from lake Massabesic; as made in 1869 by 8, Dauna Hay es, state agsayer of Masmchusettq,

shows the following results:
Grains ju 1

U. 5, gallon,

Tarts in 100,000,

Vegetable organie matter ... e eereaan reeaiaann . awiaas enh mnaean e, 1,66 217
Mineral matter oo vneainviannnias feamanenaaaaen PR e . eeeen ee caeamraeeearaanan - 1,16 1,93
L 0] 17 [, . Q.82 4,70

Hardness (Clark’s scale), 0.84.

637
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The record of the pumping-engines for ihie year 1879 and cost of puwmping is thus stated:

Number honrs’ work for oty pumps..oeon o iaiivaaaas eeamranan emeat matenaemma easenmen ares e e 7, HB0. 33
Average strokes Per IMIMTES . ae e o o uuaas ettt e smne e ebmar it e s e ons . 15. 83
Total number sfrokes por month oo oo iins ciii i an e e e reae emmmee e anne i suaman 7,200, 464
Total gallons pumped dn one mMmonth . ol o i e e s 455, 00, 062
Daily averago gallons pumped - .ooovvneiascnnn wereehasaannse san e eeeeaeacemenesumna. ceerannaasann . 1,246,913

Cost of raising 1,000,000 gallons into rescrvoir, §2 78,
Cost of raising 1,000,000 gallons 1 foot high, 2.4G cents.

The works are under the direction of Mr. Charles K. Walker, superintendent.
BANGOR, MAINE.

Bangor was first supplied with water in 1876 by the city authorities, the Holly system being adopted. Itisa
city of 16,356 inhabitants, situated on the west bank of the Penobseot river, from which the supply is derived, It

is exceedmﬂ]y irregular in topography, the principal part of the Dbusiness htreo s being in a valley with hills of

considerablo altitude entirely encompasgsing it. The streets are more or less vegularly laid out, and the industry
of the place is shaping or exporting lumber and ship-building.

PUMPING STATION, BANGOR WATER-WORKS.

The pumping-station is located ou the west bank of the river, about 13 mile from the heart of the city, to the
north, At this point a wooden dam is built across the river, raising ity surfaco 8 feet. The drainage area of the
river above this is estimated at about 7,200 square miles, with a mean annual rainfall of 42 inches.

" The power to-drive the pumps is derived from {he fall of from G to 12 feet, driving three American turbine watex-
wheels, each 7 feet-in diameter, using 110 gallons per revolution, and run two ab a time, These are geared to an
improved Holly pumping-engine of four eylinders. - There are two of the latter, 21 inches in diameter and 30 inches
-stroke, and two of 14 inches in diameter by 24 inches stroke. They are so arranged that two may exhaust into the
condenser after using the exhanst-steam from the other two, or all may be used at high-pressure. They are run at
20 revolutions per minute for the ordinary domestic pressuve of 110 pounds per square inch during the whole of
the year, and can be inereased to 120 revolutions. .

The pumps ars geared to this engine or to the v ater-wheels at pleasure, There ave four plungers, 12 inches in
diameter by 27 inches stroke, making from 74 to 10 double strokes per minute each, The pump-eylinders contain

12 inlet- and 12 outlet-valves each, with a hf t of & inch, 2 inches diameter by 12 inches lon y, of wood, and
cylindrieal in form.

The steam-cylinder valves are of the ordinary Holly pattern. A single-acting air-pump, 14 inches in diameter
by 14 inches stroke, and a jet-condenser in the shape of a rectangular parallelopiped, 3 by 3 by 1§ feet, are connected

with the engine. The cut-off valves are puppet-valves, the main valve being a slide-valve.
638 ) ‘
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Loy e 2 e . 4 w of . .

Steam is supplied from & battery of two lorizontal multitubular boilers, 5 feet in diameter Ly 15 feet lo
under a pressure of S0 pounds Per square inel , ! ’ J DE;
Steam i o re o PO I awhen fee ¢h. They contain fifty-six 2-inch tubes each; the fuel used is wood.
Steam is used inn pamping only when aceident or other cause prevents the use of the water-wheels, The Holly
5} fwt{%“} ‘S(.'(:l.lls to have befﬂl ;}Q()Duﬁ;l' ll;“m Glfe{iy as a matter of economy. No source of supply exists within a
modernte distance of the city from which o sufficient head could Le obtained without pumping, and it was considered

too expensive to build o yeservoir for the distribution,
available to do 1he work free of cost,

It is one of the few instances in which water-power is

1 ) ) r L A YT - i 3 i “1\‘ W l u 2 » -

A II”.U‘\_ rotary pump> 198 haeld inveserve for use in ease repairs are necessary to the main pumps. This is
[ ¢ ‘ et . » o IR TN 3 v R .

apable of diseharging 16 gallous per revelution, and is run at a velocity equal to five times thatof the main engine.

Dinmeler of suction and discharge, 12 Tuches inside.

e s o . . , 2Nty i Erd
The cost of the engine und prnps was $17,000, and of the water-wheels $13,000. The time spent in repairs is

ealenlated at about five TrOULS Per yuit.

m s o a [Ty - gt n o o . > s . .

TTre w a‘Lm from the pumps ¢ lllO‘lh the ut‘y through 5,316 feet of cast-iron main, 16 inches in diameter, and there
commeets with 23 miles of distributing east-iron mains of 4, 6, 8, and 12 inches diameter.  On this latter system
thers ave 155 ITolly hydrants for fire purposes, and about 70 stop-gates, The eapacity of the pumping-engine is

4,000,000 gallons per 24: hours. )
The length and dimensions of the pipe in use are as follows:

) Feet.

TO-TIETL « o o e o e e e ms mmemme messss Smm e et o Misanad smeaes smesoe ot TmssesRanessrinesssenn imelas 6,110.6
124G ce i mns v s mmene S P i 4,347.5
seinell cem e e T T LT T TR U e e e m i ee e 19,007.2
B N P SRR b " 4D,414.9
eB1ONL o e o e e e a e = mee A mmEE et ene e s eeieoelioeneeossoesstaisassesssimenoetEsecssletos 31,000.5
B4-T1CTL o o cecea e m = o an vt TTS Mo esors et e e et e ceneare et reaans 175.0
deinell oo e aiaan e maann Saemmn S P et s e enmmeenaiae o emeaoiasan P, 14,602.7
ST T | U R P PP RTL R LD 903, 0

LR oo e o oe m mew e e MaEEAems e eeeaeehofeesioos smaesssessesasotrosoToSIenscTessososiie 116,543.4 - -

A filtering chamber is em loyed to purify the water Defore its entrance into the force-main,
o

Two chambers, side Dy side, cnch 153 feet long by 124 feet wide, end in a well.chamber 14 by 24 feet, from

o

3 Fileer” O : l
Filter O ?f? J
e L _
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. . <t 3 Y
which the water is taken Ty the pumps. The gallery 181
water enters it from abovwe the dmn,tlu‘ough th

R . s d er
From the wheel-pit, in onxe corner of which is & confine 80

allel to the pump-house and closely adjoining it.
o wheel-pit, at & point midway between its surface and bottom.
ib, the water is conveyed through four gates into @

The
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trough of wood, and thence into the filter-chambers, with stop gates so arranged that it can be cut off from either
ehamber or from both. In thecrib is an octagonal revolving screen (one revolution every ten minutes), 12 feet long,
of wire-cloth with 35 meshes to the inch, It is attached to the shaft, and, by revolving, is self-cleansing.

The water enters the filter-chamber above the level of the filtering material, flows over its surface, and downward

through 3 feet of gravel and sand into drains below, and then passes to the pump-well. The arrangement of pump-.

house and filter, cte., is shown in the accompanying sketch. ,
The consumption of water from March 1, 1879, to Mareh 1, 1880, was as follows:

*allons,
0 8 3 N AR PUU PSRRI 1) IR i< (VU
AT et i et et heet teca et dn s ssee e meeee anie nun amaname e ymaeaatanae. maes nnnn e 23,704,780
MOy eevmmivacaaenas e e e e e e e e eeu e tee e amesee s aemeeeiao . tenaaasenaan 24, 082, 320
JUIII0 1t cmt auvume rauaos smmamn camn e amen ammans sme s maensean aane sennssuant rmnnonas e cnsaenennemennnnna 31, 320, 800
L A Ry 14, 459,040

7 19, 065,310
BB LT IIOT e o - oot et aeee it et mme eaemee ok ema e ome mmrn eea e meae mmns anen ammmae waneannn 14,120,500
OO OB et aeimae s cmneamacesaien tammos caansersnmanne naunne snnnbacman sackerarns sencsenncesanne 13, 902, 000
OV EIID L 1e e o vvucms v mma s emne cnae meca e en cmn sene eman gn e s mnme oo aammas aeen namenenueneamee 17,005,810

T D T g R R Ceees 20,022,200
J ALY « et e ns tanael oo ime baaacc taramv b o nan teuene ncsasamaneanrcs sarnnaiansananvms snnomunsavmns 4y 337, 500
Febranry vocee seecen ciinennn PN e n e e mnre mvese e mann s e eanne 24, 227, 500

L g S U AP U P PP UNPPIIPPRRPNRE 7 [0 1 118 {1 () I
Average for each day ovee cavane cvnns Ne e tmt me e st tsenue sae Y ana ey aneay nemann rRanes annnas ammr pmnn 456,011

The consumption occasionally reaches n little over 1,000,000 gallons, as indicated by registers at the pumps.
The filters are cleaned annually of a sediment about £ inch thick. About 4 feet of water is over the filtering bed
at all times, ; ‘

The original cost of the works was 200,000, which has increased to a total cost at the present time of $487,022,
with an average cost of $15,000 per year for maintenance and repairs. Very few meters are used as yet. The water
can not be said to be very pure. In quantities, it has a decidedly brownish tinge. At the point where it discharges
over the roll-way of the dam this color is darker than any I have elsewhere encountered. It is probably due to the
presence of organic matter transported from the upper portion of the river, as it is translucent and unlike the water
-encountered in rivers sueh as the Ohio and the Mississippi. It has also a peculiar taste, at times similar to decayed
organic and vegetable matter.

The works are under the direction of Mr. W, H. Brown, president of tho water board; Mr. W, W, Fellows is
the engineer at the works, and Mr. I*. I8, Sparks the inspector.
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