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Water Works in gene\r_az.

There are four gemneral Mmethods of affording a
water supply to a cousumity. The oldest and(umnder
some circumstances) the choupest System is the grav-
ity system. This Systew lnvolves no pumping and un-
less ihe length of re;se'rvoi‘r sSystem and aGueduct
is very great,the running expenses are compuratives=
ly small. This system consists iIn Impounding the
rain=-fall of a large catchment amrea or water=-shed
and leading it by aﬁquedﬁcts and water courses to a
sStorage reservoinr. This reseryoif’r" must be placed at
a sufficient elevation to overcome th2 frietion of
the mainrs argd_' pipes an(\f fo'rce’ t.‘ue watd&r to a'ny re=-

quired height in the City. Occasilonally situations

(are found where the to;zogffap@)icaz conditions are

:s\uch, that t{zjs System s the b{yé.st .and '&heapest,put
ordinarily t.ere a@te 7:any o'qu'ctiolvns to tt.

A storuge reservolr that depends entirely omn the
catchment of rain or the flow of Springs for its
supply ought to te large semough to contain four
nonmths swpply. Such a water shed is ge,nefa.Z'Z.y at

a consideratle distance from the City to be supplied

?
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and threrefore the coSt of a lfﬂgthy avueduci must
be added and o[t;u the cost of distriduting reser-
voirs in tae citye
The second method is a combinatigﬁ<of the
gravity and pumping SysStems. By tiils method the wa- g
ter is pumped directly from wells,springs or rivers,
to a distriduting reservoir placed at a suffici-'
ent elevation. This has the advantage over the [first
- method of reguiring a much smaller reserveir and
therefore the c;si of the reservoir is much smallen

It is also much easi2r to jind a location mear the

Clty where a relatively small reservoir camn be

N
—

pl¥Teq, tﬂan to fi;d a location fErla much larger.
one whers its B sdppzy nas to rlow inte 1it:
Again, the chamczs are that the reserﬁoir into which .
the wgter is pumped will not neeé so long uan ague=
duct uas the otrer. The,bump; can operate at regu-
lar speed and this conduces to a higher duty of the
engines tram wren the pressure is variadle. If the
emgines are large esnough,thzy ne2d to work only a
poftionvof the twenty fbu? rours and this dispenses
wilth a consideradle cost foTr attendance. In case of

acecident to the pPURpS the reservoly will ordinarizy
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contain enough to mbet‘tﬁe deﬁand while any ordinary
repairs are being maile. In this system as well as

in the first,it 1is sstdom that a practicatle kecation,
Jor « reservoir cam D2 fgynd that will gitve a suf- | !
ficient head for fire purposes. In trese cases th;
extra cost bf fire enjines\mast b2 taken into con=
sideration.

The trird system is the stand pipe System. 7The
Sstand-pipe ts a gigantic vessal generally made of
iron and eitther madz alr tight at the top and the
water forced in until t.2 compressz2d ailr makzas a
sufficitent pressure,or 2lsz,nade oﬁen at the top
aﬁd tuilt .a Little higher tﬁ&n theihegd of water
required to producz the neceésafy'pressure. The
main advantage of the stand pipe System consists inm
the ;ﬁct that,during certatﬁ hours of the day and
night, the demandifor'water is so much réduced that
a much Less PTessurs is requirsed to meet the demand,
and if the water is lowered in the stand pipe dur-
ing those hours the lift of the pumps dtzz not be
so g(gat. Wien the water is pumped into &« reservoir
the Lift of the PUMPS is constant and 1s a maxi@@m1

since the elevation of the reservoir must de suf=




ftcieﬂt to'produce the maxtmumapressuro\roquired.
Hence the average lift wtth the stand pipe system
is Zesslthan with the reservolr pumping SyStem. The
stand pips is very apt .to freeze in the winter f?-
cold cztnatas ard in many of our Northern cities
such a pZan would be imwracttcabtc. In Jersey city
the stand pipz blew over and 1t is evident that the
problem of securing such a tall slender Structure
(at Erie,Pa. ,230 feet Aigh and five foesiin dlame-
ter) is mo small part of the whols works

The fourti system is the HoZZy'Syétam. This
System pomprises the following essentialifeaturss.

N

) Lst.~Tﬁg~paggr is pumpéﬁ direthy intd the
mains.

%nd.,Tho pressure can be rcgulated at the wtll
of the engtnaar by increasing or dzminishzng the
work done by the engime. |

8rd. An Augomatic regulator keeps the pressurs
constant megardless of the wmount'of“watér drawn
S rom the mains. If all the mains were closed so

that no water flowed throughr the pipes,the sngine

would sBop augomatically.
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General plam of Works in BimgRamton.

\

In 1387 trhe Ctty of Binghamton ‘commenced their Sys=
tem of water w_ork's-by erecting an engine Rouse on
Court street on the Lastern side of the City. Two
wells about t‘w\enty JSive reet in diamctc‘?.and adout
twenty feet deep were dug. They purchased a steam' i
pump of the Holly Manufacturing Co. This was one
of the first contracts é'uer made by the Holly Com=-
pany. In I375 they purchased of thre same Company a
Holly Quadruplex engine at a cost of $I17000.00 and
with a capacity of 2P00000 gallons per day. In Feb-
uary, 1338, they still Further increased threir works
by Eyrchasiizg a stx m iliton gallon engine at a cost___
of nearfl_y' $25000. 00. Tats hgﬂs'been theilr main emgine
ever since. The engine first purchased nas been dis-
cayrded and th2 oné purchased in 1_375 is used ‘onZy
when ﬁpatrs are being. made o-n the other or when 113
is Started up simply to keep it in good condition
as i.s done g bout every two weeks.

The welil area has besm increased from 932 $G.fte
to wbout 2868 89.ft.besides having had pipes laid

into the river [from which water is drawn when the ‘

supply in the wells is iows The wells are all sunk

oW



to a depth of abdout t.wenty\feet but the availabdle |

depth has deen made much greater by sinking a nume
bder of pibes into the wells at depths varying [from

seventeen -to thirty feet. PR

Thes2 works are run entirely on the principles

of the Holly system and may be taken as a type of

the System.




Rﬁsons Jor adap‘ting the Hol\ly System.
In I375,surveys were made with Aa. view of build-

tny « reserveir on a nill south east of Binghamton
across the Susqueh.az\z?aa river, from which a hea/gi_of
severul hundted feet could Lo olttained. Oneqﬁof the \
grea,t‘ objecttons. to this plan if not the greatest,
was the immense length of leow (and consa.'quenLt loes
o/ head by friction) that would be required of the
water. There was no adeguate source ojf supply
found on or mear the sitz for the reservoir and the
water would have to be pumped up from the river or
Jrom wells in the valley as a,-t pr2sente If this plan
had .bgen..fo;‘towgd out;\they wqu'zq have-hgd on the one
hand the adﬁéntages of thé'g_ravity- system, dut on
the other hand a very extensive System of ‘buﬁpiﬁg_
"(\wou'Zd have been necessary. The 'fr_ictiah in the pipes
S rom the p:ﬂws to the reservoilr would be considera-
ble and/,zhe power re&uired in the pumps would De
constderabdly-more than the theoretical power which
such a reservoilr hz2ad wonld ‘ffgw Again the fric-
‘tton tn’t,‘ze pPtpes fron the réianatr back to the

°tty(_cyning back not far from where it staWed)

wouZd e lavrge and the actual pressurc tn ther city.

B
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wouid' be much less than the thaoretical\ pressure
due to the Reight of the FTeserTvoirs Owing to these
two sources of lLoss of head, the available pressure
in the Cilty would de much l2ss than that due to{,the
work of the pumps,of, in others words,the pressure
indicated ly a gauge in ;he City near the p_mﬂping
station ( on the reservoir Systdfﬂ) wonld te less
than the presswure by the Same gauyge,if the water
were pumped directly into the mains,dby a pressure
head equal to the friction Jhead of the pipes to and

Jrom the rese2rvoir=—assuming that ‘thé distance [from

the pumps dirset to the gauge is so short that the
can le neglected.

"k g
frzczzon ofPipg letween them *-—*!lﬁ. Hence

by pumping directly into the mains thris enormous
Zoss of work is averted. It was prolably iIin recob-
nition of this, fact thﬁ\t it was d.ec.idcd in. 1887 to
purchase an e2ngine for pmﬂping dircthy into the I
matns,alzz_,thougﬁ it was not thoroughly a,pprecza.ted

until the surveys of I375 had showm this fact,as

well as the great cost of such an undertaking.

Z’izerefore since the dest sourece of water supply

\‘ "
was in the vallesy near th2 city the Holly system
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was,' demcd't«he best ana chedp'est.' The City was fors =
tunate in being to Z_;‘éat,,a- thrra pumping station close

reside the D.L.g W.’-raﬁma.d and thus coal s brought
airz2ctiy to. the works witrhout trheilr teing oll ig/éd

to cart t‘t—making“a_grea\t saving the'reby.




Plans of wells and Engine houss. e
The engine and loiler house :£s of brtc\i' and
'buiZt according to t.e plam as shoun in ti.2 acecom=-
panying drafts. On each stde of the 2ntrance 1S a
well twenty [2el deep and (\twenty Jive reet in diamf
eters The walls are laid up with dry. rubdle fof the
lower four feet amd with cement mortar for the re-
mainder of the distance. In wa I&ﬂs,a well was
. —
excavated dy the side of the river. Its dilmensions
are IB'sz'inside; It was dug 14 below low water

mark of the river and was walled up with timbter for

the first temn feel. The top was covef*ed. with timbder

and on this was laid two feat oOf droken stone._On

thes2 were laiad layers of fine gravel end sand. The
odject of this was to thoroughly [filter all water
which sf{gould come in from the .r.iver. 1t worked well

N

Jor a time »ut t,’w\filter gradually Lecams chofked X

5
© up with sediment. With evident lack of foresight,
e

no provision whaiever was made for shutting ofyf the
i;ate“r §o that. the filter could b»e cZeanéd. The f1lle
ter being choked ;:p,newrzy all the Supply frowm the

rtver wa,:s cut off from this well and the most of

the water comes in from springs om the north side

L¢
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of the weil. In the amﬂmerxk of 1378,a fouffteen inc?;
pipe wusS vun from this well seventy two feet ilnto -
the river. TAis pipe was provided witi a siOp valve
and no water was drewn from the rivsr until November
when the demand imcreased,as it always does duringf_
the frosty ﬁonths,md occasional drafts have boen
made on the river since that time. This well 1s con-
. mected with the others by a twelve inch pipe which
is provided with a stop vulve So that commection
may be entirelé shut off if requtired.

In July 1383,six _stx; inen pipes were driven in

the well on the 2ast stde of the main rtuilding.
&ive of -them Jg‘re sunk to a d'é'pih of I rom s'evaﬁ;e-an g
to ninetesn feetl aﬁd a large flow of water was ob=
tatned from these. The other was s.un.k trirty rfeet
bu__t the flow was not as great‘és from the othrers.
T?z.r;ce more five Inch p'tpes\' were also sunk in the
saume well,but,2ithAer from not striking tre vein,or
Srom getting clogged,dut little water would flow
S rom them.

In the spring of 1388,four six-inch pipes were

Ariven twenty falet' in the well om the west side of




/72

AR S

the engine house. Thls inereased the flow 80 much
that only.a little water was requtred\ to e araum
rrom the river during the summer. A little wuhile
after a sttll further addition was made to the‘weZl
systewm by digging a ﬁ'\ompound well divided inte
eight compartments.  Each compartment is 20 'Ié"xlo;
instde dimensions,and about twenty‘f\eggep. The total
length inside the two end wa_tté is taerefore 17§,
Twis is connected with the old well en the 2ast
side of the .butZdtng with a 80" pipe. The compart-
Mments are separated by a two foot wall which has
an arch~d opeming through it whose base is two feet

atove the Ddottom of the well. The bottom of the well

is about ten faeet below a,*vera.vg.e’ 191;/ water mark in

the river; It is propesed to run a pilpz fron: -the
b.a\ttom of the w2ill to a crid 11504feet rrom the rivwr-
baﬁk- At this point thre pilpe weuld bé taid nine

22t under low water mark,leavtng a fall of one foot-‘
S rom the rtéJer toward the well. The total length of
this pipe would bte 278 feet. The river end would be
encloéed in a crid wrhich would have an inner box

¢X T8 Tre space detween the imner and outer boxes

would be rilled with loose Stones amd gravel and PAuS |

i
i
i
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‘ make a fitlter for the water. The p(pe is to be tﬁtr
ty inches in diameter. Ten feet from the point
where the pipe &tarts from the well,a valve well
sitx feet in dtameter and of suffictesnt deptz;f)" has
already been d.-uy_ and a tAirty inch stop valve has
been .p?,a,ced on the pipe in this well. TAIls is as
rar as the ptpe at present oXxtends.

All. the wells are connected with 2ach other=the
tve old wells deing connected dy an arch-way running
under the engine ho'use.l The pipe from the well by
the side of the river runs to this arch-way. 7The wa-
ter ordinarily stands at « depth of alout five or
six feepr - i }

It is proposed as a furihor source of suppZy zo
dtg another trench well on the west cﬂdc of the Zot/
stmilar to \the on2 on the east side. The suppzy
S rom these éa.n further be i'n'cfeasc;z by drtving Sixe
inch pipes at intervals of fifteén to twenty reet.
In the opinton of the superintendent measures like
these will tnsure a water Supply for at t2ast the
Rexg ten.years. Th2y avoid,us much as possidble,us~
i.ng river water,a.tthough. as wiltl de shown af'ier-

wayd the water taken from the rtv'er is very good
l &




driaking water. What they wiil do for\a. water Suppily
when the clty Ras groum &§o that the present supply
is inadequate,will perhaps de a serlous question

somz2 years henca.

Plans of water mains and pipes.

When the water works we'rehfirst built a great
deal of cement pipe was used. These were made Dby
making a sﬁaet iron pipe consideradly larger than
the requ-ired._ inside dtlametar and lining it with a
thick tayer of hydraulic cement. This pilpe after
having Ddeen thoroughly dried Ts ;Jery stronmng and
capadle of sustaining consderadle pressure. Since
tne‘city ‘( and co’nsaQue‘nzZ’y the water works) have
increased, the prassure on the pip2s near th2 pméptng
st'é_,fion has to bde very mu;:?z. grea't'e.r than foméle‘
in order to ob\tqin a given pressure at the -extremQ
ities. The pr;ressure will be increassd dy the frice-
tion resistance of the Itncreassgd length of pipee
This has produced a greater pr28§sure than such pip2s
@re capadle of lLearimg. The sheet ilron on these
pipe; is 'soﬂthtn_ that tt omly requires a compa.ra‘-

tively short time Jor it to rust away aemd when the
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;ﬁi stremngth of the iron is gone_the cement nas
but little Strength to sustaiR the great pressure
that has to Le brought on them especially In times
8f fires whem the pressure is ratsed. The Zatgést
of these pipes is twelve inches,inside diameter.
These pipes @re now fast being replaced by tron
pipes. The water pressure now carwvied for fires
is from sixXty to seventy pounds and it is kept as
low as thls on account of the comparatively weak
condition of the pipes; If the pipes were all of
iron they would re abtle to carry.loo;dao pounds
pressure at fires. Tne'dq@estic pressure? is kept
Bat utout 46 pougnds. ” ” e al )
Jan.1,1384, there had bdesnm 24 miies 880 seet or
mai;zs taid. Of this anounmt a little over half,or
12 mites 2481 (?et,coﬁsists of itrom pipe.. The a-

Mmount in sizes are as follows«-

R0 InChReerececcecccccaccaean--1850 feoot.

T8 0 o nrSid S el e e vy i c-e--=-285 W
I8  cecececececeeeew-I mile- 2880 n
5 IO /I S esseEscooeREEameLE - eee ’29 7

; 8 " ---.--------------I 'tze-sep ™

8 9 ------'-------4---'9 mtze“]‘as ”
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4 IRCheccec-cccrccaaea-]] Mmiles-8864 feet.
\

24 miles-880 feet. o

Plan of doilers and .fu?ma_ces.

In ;578 ome of the boilers wc:s set with a Jarvis
Purnace.  This gave such satisfaction that others
were put in amd now t?z,r'ee of the four boilers are
set wiith this fu‘ma,c.‘e. The primeipal featwre of
this furnace consists in supplying pure air,hzated
to a very high temperature,to the gases which are
generated in the fumace and producing a gas flame,
thus consuming a great deal of gas trat would’ other-
wise le wasted. The air pagses in by small openings o ‘?\‘}
in the JFront and tyavers2s ltong expanding ducts |
built iz the furnace wall and enters,nighly hreated,
through Opéning on the tlridge wall and on the sides : -
\of th? rurmace walls. -When Screenings are used they
are moistened with altout forty per cent of water. £
When this fuelits umed a large amount of hydrogen
coming from the water,l is evolveds This passes thAPough \
the furnace and when it reaches the /heated ailr (ox-
ygen) they comdine making an oxy-hydrogen [lame.

7"‘-9_ essential fuel oj' this fumace s _-therefon-
: |
|

4
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gas. This fmrmace is adapted fo1l~. turning alwost any
Xind of fuel without tre J&e of a Llowere THis t;k
cludes amthracite coal screenings,litumenous slack
coal,pea coal,wet peat,wel hops,Saw-dust,logwood
chips,ric;\chajf,wet tegasse,zCa "Tﬁe Jarvis Com-
pany advises the wuseof a small amount of ritumen-—
ous coal mixed with the screenings, tut as will be
shown feartaer on, the coal screenings have been used
alone-a great deal at Binghramton and as there is
abundant epportunity at the Water Works to test thre
econony of such firing,it is prolally considered
more ecomomical. Amn inspection of tie Superintendent’s
report for 18&§ will sheow tha£ auring the [irst_[ovw o S
‘;on%hs ;f the year thc.éuty of the engine was much
higher than during the remaining months and yet for
the first eoight moﬁths-of the yea?,the'scfeeningc
were used alome. Of cqursé it cannot e claimed that
an inferior fuel could make a higher duty per pounmd
é} fuel_used; but it shows that with this fuj‘aee,

using coal screenings alone will pretadly not re- \

AL

Quce the duty as fast as it will reduce the cost.

(Mbre'of this will tre found umder thg head Cost of

Maintenance. ) : : L
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Plam of engimes and regulato?

Thefe are two Holly Quad‘"r"upu»x eugine\:s in the
works but it is mever necessary,so far as power 1s
concerned, to use more tran one of them at once. Thsy
are 2ssSentially of the same design except as to <
stze\? Each one nas four steam cylinders and four
doulle acting pumps. The éyltnderb are itnelined at
an unglz of 46° amd the pumps are in direct line
witr the cylinders. The piston rods are comneocted
(2s shouwm in tre plate) to a, common shaft. The
crank pin yor on2 pailr of connecttn’g rods 1s set
185° itn advance of the other. By tkhis method,eight
i?izpques are gtven to .thz ma\ghine”ry during 2ach

J atte -

reuolu't_tozi and as&? the sraft carries c.L'ny wheel the
motion is-a.bout as mear perfectly uniformeas can. Le
obtaiped by cr‘wa.;zk '/uotion; |

7;;9 cylinders can all be worked as'udirect act-

iny eongines or the steam may Le admitted directly

to omly one or/t‘wO cylinders amd then by exhausting

~“into th2 other cylinders convert the cn"giné to a
Compound eng1ine.
The valve gear is the ordinary slide valve worked

by an eccentric amd admits tre steam through thie

L R s




/ |

'whble stroke. A double puppet valve(H)is céﬁnected
Cwith 2ach steam Chest ard regulates th\e point of
cut off. This wvalve i,; operated ty a revolving spir-
al cam(C)wrich moves in an axtal direction,and which
cun vary the admissto;? of st®an. fron. Zero to ffi‘)l.z
stroke. This tegulator is ome of the great eSsen-
tial features of the Holly system. It consists es-
s2ntitally of a water CyZinder(A‘) whtéh is connected
directly with the water mains. When the pressure
chamges [from the nornal in either way the Zever(B)
throws the friction clutenr(D)into gear. This moves
a chain of grzaring und belts and finally the cam
(C) in plate III 1is moved. so as to alter to point
| of ;'ut "ofj'.“ ] '

For exaﬁple, if there was a sudden draft on. the
nuins owing to a fire or 'some'simz"Zar cause, the
pressure in the mains would at once igwe’f. This
would cause the regulator rto work tZLe cams So that
the admissto/;zr of Steam into the cylinders would e
lengthened=the engines would do Mmore wo rk==the water
would be pumped into the mains gfaster and tre mormal
pre§sure wouid le restored. I‘ it is desired to F |

raise the pressure for a fire the wzzeeziﬁ)is‘__nmed

z

.
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until the presjsure in the cyztndef?; is the -requtfreq}
p’.ressure. The regulator «t once adj&sts the: engine
to its itncreased work and this high2T pressure will
te for the time the mornial ;jf‘@SS‘UT‘Q which the reg-
ulator will automatically maintain. The regfddta'r

always maintains the pressure in the mains at the

point to which it .has Ddeen adjusted for a normal
pPTeSSuUT2.

The necessdty of having some means of equalizimg
;Ehe; pressure which woula otrerwise be greatiy chang
-2d by the varying clie'n;ands on th2 mains,is sShoun
by an inspection of the following dlagrams which

show the vawiatioms of pressure for periods of twen-

fy rour hours 2ach. The rirst thiee were attached

to the Holly emgines u«t Lockpor.t,a-nd the fourth was
(*ttached to the pumps at Sandusky, Onio,which nad no
'}eguZatO'r. Unfortunately,in the re,'zzort 'fro'm which
these diagrums were taukem,no limes were drawn in
“the a,iagraﬁ by which the a_bsolutc. pressure can 22
determined mnor even a scale by w?ii»ch the number of
pounds vqriation in the pressure can bte determined.
But « close approximation cam le mﬁde by consider=

ing the statemenmt,given in the report,that in the
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sirst dlagram the vaiptation of pressure was less

B T S —m——

than filve poﬁnds as lomg as the reguZa.to\r was at=-
tached, but when the regulator wus detached,as it
was for four hours and a half,tre wvariation wuas
alout tiirty rfive pound.s\\. The other diagrams were £y

probally drawn on the &ams scale as the first.
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C‘=po1_znds of coal used during trial. | |
Duty \means the numkter of pounds of water wh\tch is
ratsed one2 foot for euery J00 pounds of coal used.
As the detalls of the solution of the fovmnula were
not gtvem in the report th;\ calculation 1Ts made as
' Jollows e~

The diameter of the pump is 93125 and the area

. , md* " '
of one side of thre piSton:—,f_—: 8b. 897; dut the Yo
piston rod tis ailtached to th2 other side of the pis-
ton,and on that side the eoffective area = area of
piston=area of Ccross section of rod. e
Area of cross s2ction of rod——:%g:—‘-’g‘wj :’3:'408
Z'J'ffegti'ue area of on=z si.d9=85."»*8§7—~8."40_8=81:939‘

W 5% 397
2-713 7. 838

Mean area of piston— — — — — — — 88J6898

. : . o
Area of reversz2 side

The strake is 24"ana therefore the mean theoretical
amount of water pumped at each single pump.stroke =

/15 28. 633 ~°

/72g = .3348 cu.ft.

. 3348 % 88. 4 = 55. 20 pounds.

In pumping there 1s always a certain amount of

¥ P ¢

le2akage and from other experiments made on pPuUMps of

this kind it nhas.deen calculated that about 97. 5%‘




of the theoretical amount of water 1s actually pump
-2d. . ‘ “.__

L, 585,20 X 97. 5=58.82 pounds of water deliverad
at each sing$e Stroke -of the pumps =P of formula.

The number of revolutioms during the experime@jt
was 49288,but in each revolution of the [ly wheel
ailght Strokes of trhe pumps are made. Thereforz the
numter of Strokes =3 X 48285 =898880=N of the fora-
2%Llde

The pressure indicated by the gauge was 40 pounds
to the sg.in. The indlication of thé_ gaugs really
means rz2ading plus atiospheric pressure (wWhich thre
water encounters when it ‘_éfaues t@e service' piples).
The —@at‘.e’f‘* i.; fdrc.ed‘from the ng"Zs into t-;ze pPUMP S
by the p.‘res.sure of the atmosphrere -but sincCe the
gqxg\tge is only 23228 atove tre surface of t."{,e water
in K\the wells, the pumps are qided by a;“pre'ssure e-
gual to atmospheric pressure mfnus the pressure due
to t,."ae hcigh:’ftr 22.8. It is estimated. that the frice
tion of the water in passing through tné engine and
suction pipe is equivaleont to a pressure of one
pond. Therzsfore the true pressure .zhat the pis- ~

tons have 10 work against ==




7 |
40+I+atmos. pr. — (at.mOs. pre —p.rcss. due to 22. 8)
= 20+I1+22. exﬁ%,,i \
= 4I+9. 8
==50.3==pressufe on the pumps In pounds per &9.1in.
But 50.8x1ﬁﬁw=11.28==height in feet due(éo such a

pressure=H of formula.

Recaptitulation of data.

P =58. 82 H=117.28
N =898880 ¢ =8100
Dy = 58. 32 x 8%%30)( I17. 28 140 =80186000

= number of pounds of water raisz2d one foot by
the expenditure of 400 poﬁndé of coal. This resuit
_diffirs by a’bout I:\5%from- the regult workedi out - —=
by Mr. Jorn Evans who conducted tre experiment,
(im9.8I5I4000). As the details of his 302ution were
not gtven in his réport,it ts impossible to tell
just wgﬁt caused the disScrepanvy but an inspection
of thﬁ formula will show that 1t would only take a
slight difyerence In the preassursz=less than a4 pPpoOURI=m
to cause the difference in the results. It will bde
seen- that no deduction was made in this experiment
for cinders,ashes and undurned coal. Iflzhts nad

been done thrhe result would have been

e e e e e




; 80 ama 70.
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80185000 % 8100 :
8700 = 840 = 90p40000.

bt

Al though it would be fair to kae wn allowance

for undurned coal,it 'is unfair to allow for cimders
and ashes,and as it ts unknowm what part of the 840
pounds residue consistad of unturnad coatf@he lower
duty nust e taken. The contract called for a duty
of 80000000 ft.1lbs. and this test gave a SuUrplus

of ovar 60;1.

During the month of January I388,the six milliion
gatllon »ngine gave a regular duty of 8588853840 feotl
Lbs.e and the daily averape delivery was over
2858500 gatllons. During the remainder of the year
the dailly pumping was less while the amount of coal
c&nSu;;d Pas ;n general mors and consequently the
regular duty averaged but 54588910 foot ibs. It
must le remeniilered doweuér.that @ test duty of am
engine T8 always made wits the Qest‘coaz,picked and
scrzened. During I1838,over 98}§of the total amount
of G s gt s coal screenings,the remainder(less
than two per cent)leing bitumenous ceal and a 11t~
tle Cord wood.

The domestic pressure during th2? year was fept

“t 45 pounds and th2 fire pressure varied Detween

BRSSP S0 R e T |




40+I+atmos.pr.——(atmosupr.—-presé.due td.22:8)
— 4041422, ex-f%,:? \

= 4I+9. 8

= 50. 3=pressure én the pumps In pounds per &49. in.

But 50.3x5% =11.28=nhetgnt tn feet due to Ben 1B

pressure=H of formula.

Recapitulation of data.

N =898880 . c =8I00
.32 X 8838880 x I17. 28
Dty = as. afo% = X 100 =80,186000

= number of pounds of water raitssi one foot by

the expenditure of 400 pounds of coal. This result

atffers by abouy I. 5/?—1‘077: the result=worked out

by M ;John.ﬂvdns who conducted- the experiment,

(i-2. 81514000). As the details of nis solution were
‘&ﬁoz gtven in nris repoft;it is imppssible to tell

Just what gaused the discrepancy but an inspection

of thz qumula will show that Tt would only tuke a

Slight difference In the pressurzeless thar a pounde=
to ceuse the difference in the résutts. It will bde
Sseen thdt no deduction was made in thils experiment

Ior cinders,ashes and undurned coal. If thils' had

been donez the result would hrave deen

¥




80185000 % 8100 | -
8700 — 340 = 90040000.

Although tt would te faif to make un aZlowaﬁée
for undurned coaz,tt is unfair to allow for cimders
and ashes,and as it its unkmowm what part of the 840
pounds restdue ;bnsistad of undurnzd coai,fhe lower
Adu'ty nust be taken. The contract called for a duty
of 50000000 ft.ibs. and this test gave a surplus
of over 60;%. |

DPuring the month of January I1388,the six million
gallon 2ngine gave a regular duty of 85889840 feot
Lbs.e and the daily averays delivery was over
285800 gallons. During the remainder of the year
the @gily pu@ping was less while the . amount of coal.
coksumed was in genéral‘more'and consequen sy the
regular éuty averaged dut 54588910 foot lbs. It
must Le remember@a.however'that @ test aduty of'an
engine Es always made wttw:the?best coal,pick~2d and
screeifd. During 1838,over 98% of the total amount

of coal used was coal screenings,the remainder(less
than two per cent)leing bituménods coal and a iit-
tle cord wooed.

The domestic pressure during the yeaf wasJkept
4t 45 peunds amd the fire pressurs varied betwesen

80 ama 70.
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Cost of matntemamce.
In Aprit 1878 one of the leilers was reset
with a Jarvis patent fumace for buiming coal dustg.
Since then two mBre of the four boilers néve beon
reset wiih this fumace. This has reduced the cost
of maintenance very 7nuUCAh for not enly has the
amount of fuel reem reduced but th2y avre also abdble
to suktsitute coal dust or culm for the bitumeneus
coal previowusly used, At first the ;nthracite coal
aust was mixea with I0 per cemt Of »bitumenous coal
but the proportion of btvwmenou?:ias new been so
reduced that Zast,gear it was us2d only reur
' ménth;.du%ing-the yeéf. Thé rematnder of the time
screenings were us2d alone.

The follewing will show. how the Juelii account

nas teen.reduced during a mumbder of yoars past.

Yeapr Cost of fﬁéz | ”;;ar ! Cost_;fm;;ez
1872 /| $8249. 78 ‘; 1878. o $1781. o1
1378 £8398. 85 \ 1879 £3853. 28
1374 | $8880.97 1880

1375 $8I149. 20 183840

13878 $838838. 98 1883 $1008. 08
1377 $3016. 85 1888 ?1070. or

W/



- No one cause cam re ascrided for'fhts reduction.

It has Ddz2en due partly te the reduct ion in the

»7rice

of ceal,strict attentien to firing,mew pumping ma=

chinery,COveringQPf Steam pipes and pevﬁaeﬁ.prtnci-

pally to the resetting of th=2

-meﬁt of coual dusz:

toilers and

the employ

Altiough there was am iIncrease in the cost of

Sfuel consumed during the

really a siight reduciien

seen Ly the follawingl
Year |c..c of J"-u.el Gallons frumped
1879 |$868.28 | 575840500
1880 | __ -
1881. ’

18383 |1008.08 8328838310
1338 | 1078,0I 7{3949288

lLust few years thaere was

in th2 costy@as will De

28

< :
It will be seen that theose figures are a very

great diuction on previous years.

Fenexample in

I373 the average dally use of water was 18385407 gaz-

-l0NnS§a

$4828. ¢

4

The svevrage dally cest of ceal was

ZZGIG/
365

Mis make2s an aveyage cest 011335.,,07 or

38 81 per millten gallons whtch is more than twice

as much as tn I1879.

[Gast oo |Gt vas :
i il i qia el ot
$I. 43 8.4 Comts$4830. 58
&5 ' |$4004.83
ol 5.1 » |$4873.00
I.47 | 8.48  |84045. 37
I.44 | 4.51 $4598. 70

e
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Chemieal character of water supply.

It ts a Zargely accepted opinion tn Binghamton and
vicinity that the.whoZe supply of water tn the wells
comes from the rdver. The following ci’rcu@é'tnce
was noticed while pipes were deing drivem 1n onme
of the well,which would sesm to Show that the water
6f the wells ts derived from a veiln of water ceming
from the merth. The pipes on the south side toward
the river were driven Iftrst and the water was [flew=
tng eut of tham ciear when tho&e oen the north stde
were put down. Whilz thesz weré being eleaned out
with « sand pump, the_gater Sflowing eut of the pipes
“on the south side was_obé‘erﬂ)a‘di' to bc‘véry ﬁtly. Ir

the water had Len flowiny from the river,the water

From the pilpes en the south side would have vemein

—/\-ed clear regardless of what was geing en on the
north s§tde of the well. ' | .

In 18898, the followling lucl.ys.os oy the water frem
the different seurces from which the werks drew
theilr supply,were made by Willis G. Tucker,the Pudiiec

* Analyst for this 8tate. mt.s iﬁvoctig‘a;iqn wWas uUne-
- dertaken at the instance of the 8tate Beard of

, Healsn tn erder trhat it might mitigate needless i

o




Jears tn regard to the pdtabZe\wazcr of the ctlty. .

.Sgtate Board of Health-Nsw Yerk
Analysits eofr potadle Water,
(Parts in ?oooo/o).
Recetved frem Br. J.G. Orten,Bimghamton,N.Y. Seuree— —
SusqQuehanna river,200 feet up steeam above Supply
pitpe ©of water works. |
Date whem A7r@WnR-==-=- ====-==---u-=--Jan. I8,1888,
" " te8B@demmemmrrncacnnnnnn==_Jan. 17,1883
Appearance in two foot tuwde,clear very sSlight
greentsh tins.
Smell when heated te Ioofr......i:.,-..,-...yuQ?
) .lerr‘ia‘% -in-;hle"ridcs-‘-_---.-:-‘-----------------, 82

Phosphbria actd In pho.ﬁpﬁatcs------ rem-=--wNpne

Nitrogen in mitrates aﬁd.ntt‘i"ttcs-‘----....-.....QI‘

1"1“09 Am‘nia-“------'---f-—-‘1-.------ ----- .0082
Albumeénotd Anmonigee--=~==- . LR TR . - 0004

o~
/

I‘ min. so0 800’5--"-‘-‘ -~ .04‘2
Oxygem absorded = : ; : ;
4 hours @t 80°F eccommmw 0988

A efore botztn,.f‘:; |
Hardmess,equivalent to Card’te of iim o
: ' l fth’ " 5.0:

Total soltds dried at 830° Fecvove -unmas 8. 00

Micrescopical qu.mtnat'ton‘of‘.éepoctt-‘- -=-- Nome




(Sigm-a )h wiitits G-. Tucker,
Pudlie Analyst.
AZDané,N;Y.Jan.24;1888.
——-:-—————; _
State Beard oy Healtr,New York.
Analysts of potable water

(Parts tn 100000).

Recetved from Dr.J.G.O%ton,Binghamton,N, V.,

-
Soureg--===<= "ee - ~= -« Well of water works
Date wrem Araum------ ‘ee «a =~ .- = Jan. 13,1888

,( o gested-=~~>=e -n.~- ---- Jan.17,1883.
Appearance in twe foot tu'be,cZedr,vcr siight green~-
1SR tinte o= - A .

Smell when heated to IO0°L cemmmma-a-._. ~-o.uNome

Uhlor_‘ine in chzarides-------7----------.-- -1 ]
Prosphoric actd in phoSphat@S===-==m. ==-== Noens
(\» -

Nitrogen in nitrates amd nitrites---e-----= .84

Free ATmOmLa---==-==v-.cu- ‘cen . same. 0040

AZleOnO“id Amonia------------—--.g--~-‘--- ooaz
I8 min. to 80° . cnnvoeanncan 0594

Oxygen absorded
‘ 4 Aours at 30°F. -~ =----- 0889
‘ | {beforc beiiing I6°
Hardnzsss equiv. te eard. te of lime : .
\@fter doiling 4°7

f.‘az solids 4ried at 2000’.--‘----‘-------- 5 12.‘6
;?‘ " —




Micreseepieal axamination of deposits- --=-- Neme.
(Signed). Wiiiis Gy Tucker,
Pupiie Amalyst,

Aldany N. Y. -Jan. 24,1388.

Ssate Board oy Healtnr New York.
Analysis of petadblie water.
(Parts itn 100000)

Received frem Dr.J.G.Orton,Binghamton N.V.
Seurse---Ayrtestan wells suppilying a part of ettty
watenr |
Date when PN ---emmwssensusenee= Jan.8I 1888.

£981@Q~ e -m=mn== =camm=ne Fed. 8,13888.
Appearancd? in two‘ faot;&bei,e?,‘edr,vcw ‘3itght' greea ~
-ish tint. |
/?ﬂ{tl when heated to IQO“I’.-----.-.-.---- 'N.lng-
Chtorin tn GRlOridesn-mmes wmooo waman . 44
Phresphoric actd in phoSphatc's'-{-' --:------- None
Nitregon i mitrates and nitriteSemcenm==--- 2,85
Free ARmON1Gesw-meccnncmennns smmninen . core
Aldumene 1@ Ammont@-=-m=sscmsnvcnecencnae=-=-- 0028
15 mim.te 80° F. --ee-nue L0108

Oxygen ctco?md _ o
T howry 8% 30 F (4 Reurs at 80°Fe_--.--.- - 0139

il b oL i AN i 5.5



a3

~ : ¢ before roiling I18° |
Hapraness,equiv. to card’te of limz :
; ; c{ter boiling 84° '|
Total solids dried at 230 Faw-==-=v=-==-= 19, 40

Microseopical examination ef deposits.=~--- Neme.

“ Remarks.

The chilerine,nitrogen in nitrates and nitrites,
and tetaul solids In tnils water are Lew. Phosphates
are adsent. i’r‘cg!\ and aliumenotld ammonia alse low,
while the amount \of oexygen absorded weuld rank 1t
according te Tidy,as a wat'er erigreat organte pﬁrit:{"
Judged from a chaﬂzi;':at stand-potnt acleme,this is a
goed water.

(Sigmed) witiis G. Tucker,
- = - . f’ﬁbz'ic Anva.»-‘zyct.

Dat'd,‘zp“ny,”. y' ’,.bu 18' 18880

Analyses were also made by Dr.Baward S.Weod abeut
the same tige,uhro protmcéd the water. very fine.
He wrote, /Am excellemt water. Almost prscisely the
same as in August,I1881. Se far as enemical caaz,‘:’cis
can s)uw_beth waters (i.e.from the well and from the

river)ara 28pactally good -feor demestie cse,-,far Yet-

-tor than most of our Cigy watcrs!and I doe not sAink

. N R e .

m: any ctckucss caa brattmm £
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)
Use of metérc.

During the last few ysars8 & largz numbder of meters:
have Deen put iIn ospcctazzfy'in places where a great
deal of wast> 18 going en. A% the gZosc of 1878
there were enly thres i; use Sut mow the number has
B nwransad ge. Tz Thare Res been Censtagrabis
discussion among trose interestzd in water works in
regard to th.e use of i.oters. Me‘adherenfs te thetilr
us2 sSay that it is the only way of equalizing the
water rates and of preventing a ltarge amount of
wastz2. In other words, the censum2r pays Jfor what he
u©saes and no more and the water wor;ks gets crodite
yfer what it _lZas done. A e ; -

On the otaer ;z,a.hd, 1t is clalmed that thre cost of
meters and the work of taking readings is no incon=-
sid’écabze item of cjcpensa in the cost of maintenance _
It 1s also cza.i%ed that the us2.of meters hGas a
tendency to c&fcek the free use of water fer cZeu;
liness(not only of persen bdut of rewses,streets,Ee.) !
and 2aving such a« tendency it thereby.tnduces stck~- -

ReSS and all the other evils eonseGuent en dirt and

rtith. Swen ax epinion was expressed Py an emgineer




of the arczan Aquedue? who @&rgmwed against the use
of meters tn Now Yerk City. ﬁtc us2 of meteﬁ prod-
adbly Yedue:2s waste and lessens the cost of matnte-‘-,,
namee, but with many peeplz,the very tiuﬁg_ht tﬁat
every additiemal gallen used adds te thizir b1ll ects
as a eheek on the free uwse of water even te a more
or less sacrifice of clecamliness.

Theore ave nany indtications that the works at
Binghamtor are conducted Iin a very efficitent as well
as eeonomical manner. It is moticeadle that in the
RUN.@ TOU S compdriso‘_ns that have beoen made en the cost
of Maising water in various -pZaees,Binghamton ale
most tavarially takes the leoad,semetimes having re-

ae'ceg t?w cos?t ;}er g&iti(a teo oi'%ﬁ a imzz frb.c-- T
tien of the cost in ma.ny oj' 'a_ur.lcrge eities. Thre
greatest drewback to the system i1s the large amoums
of de{ective cement pipe still izz'.use,but,a.Twas
;jzuwu.a large amount of m-oneyﬁ is spent ewery year
in ppplacing these pilpes with tren pipes, amd Wren

thtls sébstittttcn is complete,the water werks of

Bingnamton wili compars fevoradbly with almost amy

Y
i
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