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Th g re a re 

) 

Wat e r Wo r1(-'.s in g t1n e 'fat, •

Jo.u r g�n t1_ra ·1,;/ me thocJ.s of af f o rel. tng a 

L. 

some circ1,m2.$t ances)___ the cht:Japg$.t system ts 0e g rav­

ity .sy.st� Thts .sy�t':'lr:. tnvoives no pumping ana ua-

'ty smaii. Th,is sy.ste1T:. consists tn tmpounaing the 

rain-fa'L'L of a 'Large· catcmltent a?f'fJa or watt1·r-shea 

r and ieacJ.tng it by aqueauc-ts ancJ. water cou·rses to a 

a sufftctgnt ete�ation to overcomg the fri�tion o/ 
. . "-- . . 

the ma{rtr a,a_ pi-pes and. /orct,_· t.·tJe_ wa.trr t o a ny re-

quired. height in the City •. Occi$ ton�iiy �ituatio�s 

at"� founa whe�. the topog�rap
�

tcai con'.dit:io11..s are 
� 

' . . 

. su c� ,· tll,a t t lJ:.! s sys te1f? i .s thg . �-&· t . -an.a -�heap'!!$ t # �ti, t 

o:ra ina ri Z.y tll,g re a?f'g man11 o·bJ �ct ton-s . to t t.

..4· sco·roge/"reseruot·r tMt cJ.gptmas· enttreiy on the 

Ca.tchfll.ent Of rain. O"'r th!! f'l,.ow or' _spr.°i.ngs for its 

$Upp1,11 · ougn.t to
. 

be 'Large �l1UOUgh, to CD_ntai1Jt J'O'Ur 
' 

. .. 

. 

a cons ta.erab&e c:J.t.s tance ·from the. Ct t11 to be .suppl·t�a 
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v o i rs t n the c i t 11 •

rea e·r· 
\ 

The .ssco.r.!,d. mflthod ts a combtnatioJ! · of the 

gravity an� pumpt:ng &ya t,wi,s. B11 tht.s me tn,od. th,s wa• 

t er i& p'U11J..pea atrectiy from weti.s, &pring.s OT rt11flr&, 

to a d.istrtputing reseruoif".; p'Lac�d at a sttffici- -

th�refore tn,e cost _of th11 reservoir is much smattflf\ 

It t·s atso much ,;,ast'1r to find a. tocation near the 

Ctty wn,ere a reiativeiy smait rsssrvotr can 'be 

. -"'--
.pJ,11'he� t�a'll to find a ioca,tion for a muck iarg!!r. 

on� wll,i,-,.� its water supp'l.y .1ia.s to /1.ow into i.t. 

the �ter is pU17Lp�a witt not nged so Long an aque-

auct as. the other. The .PU111.ps can ope-rate at regu-

-

tar �p99d and this conducg.s to a higher auty of the 

enginfl.s than w}·1,gn the p·re$.S:�rfl- is varta:bl.e .• If tafl 

ffl.ginfls a� iarge mougl'l,
1 

tMy 111,ea to wor'k: ont11- a 

pQrtion -of th� t�enty fou..,. hours and. �his at..spens9.s 
. '

wtth a consia•f"abZ.9 co.st f�?r attffltlance .. In-ca&�.o/. . 

a,c,a,.taent· to ta�. �.s t'h9 re5flrtJ01..r w_tt·t ora·1na.rti11 
/ 

l 
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-
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con:ta .tn· enoug� to ·11i-.et t.ae aeman·a tbn,i'/,," any or.atna771 
(. 

r1:1patrs arg 'bi,tng, ma!J,g. In tJ1.ts _systqm a.s w�ii a.s 

3 

. . I 

tn th9 ft�rst1 
tt ts S'Jiaom.: .tn,a.t a p"racticab1.e 1,(!)cati� 1

1 
••• . • • '4,, J 

f Q r a r9 servo tr caa. "bg f oun a t71.a t w i Z. Z. g tv 1J a su/ - r

'-" I
c..._ 

£" ' 
I 

/tc t9n t b,gad for fire purpo_ses .. In t:>ies9 cases tn,g 

s idgrat ion. 

Th g t n, i rd. s y s t gm ts t JJ,g s tan d p i pg sys t � 

stan.a-pipg is a gigantic v,sass-�i gt1nera?-l..y m.aae o/ 

t·ron ana g t  tll,er rTJ,Q,q,� air· ·tight at thg top and. ·the 

su/ f i c t 1Jn t p rg s sure, o r g z. s g; m.aa e op 1J n  . at th 1J top 

_. a�a bu_i_Z,.t .a z. L.t&l.e ·Jl..ig_ h,gr tha-111, _the _n,gaa _ot '}JJater 1 , 

. I.. 
• 

·' 

recqutred to proauc-� tll,e ngcessary· pressure. 'rb.e - 1 

•atn aava71itage of the atana. ptptJ_ systgm c:_011..s:tst.f 
i·n

t�e ;�.ct _that, au ring ctJrtatn hou:r� · ·oi'. tl!,e aq;11 aaa

n t g at, ihe aernana /or water is so much �laucea Chat

a. 1!/fJI.Ch -1-•ss pr�&urg t� requtrga to meet tli�-d.�a.na,

-......,.ana tt· tht1 wa.tg·r ts iowt1r1Ja tn tJ1.9 .st�n-a ptpg d.ur-­

tng tho s g hours thg 1, tf t o / tn,e pvr,.pa wt i 1, .not be 

.so .9r•at. K?J.� tM _wa&e·r. ts pUfl!,.pg_a tnto a rflS9·rtJotr 
' f 

ta§ 1, l,f t. Of th,� f!'UT/J,j}S ts Cons ·tan-t· an�. ts a m,a:;ctm,,nn,., 

.stnoe tJ1.tJ ·�•11atton_of' th,!/ re.servotr '.m,·.st 1>8 '8ur-···
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1,ctMt co· pt'O<i:uce th.s 1114:Xt111:#m.· prsa$ur•� ,rer;utrgd..

H�not1 t ht1 av�rag� ttf� wtt h th� •tana ptp� $yatdl

t.s iess than with_ tktl rt1$t1ruotr pumping sy•t�. 'rh.t1

.stand. ptpg ts vt1ry apt �o frt1•�• fn th,t1 wtn tt1r �·

col.Gt citaatt1.s a11d. tn many of our Northern etti1Js

such. a. p'Lan wou ia bt1 iaprac ti cab it1. In Jt1ra 1:1y ct ty

(at Ertg,Pa. ,�a. J't1t1t h.tgh. ana.fivt1 /9t1•ttn c:ttamt1-

te7r) t.s no .smat t ·pa'rt of the 1.dl.o 1, 1J work.

Th.t1 fourth sy.st_gm is tht1 Hott�· sys ttlm,. Tn,is

syst�m pom·1Fri$1JS th.g foil.owing essgntia·t,tsaiur,,a.

\ ""-- ' . 

.- �st·. -�·�ai,er_ is pU111.pt1d. a.irt1c'tZ.y tnt'1} tat1

1.lZains •

.2nd •. The pr1Jssurfi can 'b� rt19·1tl.att1Gt a.t tag wtii.

of },.,, gng tn ., •r
"--

b11 tn cr.,,. .. tng or aim tn t.sll. tng t ,..,

from the main.a. If a&t ta• ,ruiins. wt1r1:1 cto.st1a so

t Mt 7'0 wa t � r f i owt1a taro• g 11, th t1 pt p • s·, th, 1J '!11lf1 ·'t7J. •

wouia atop ausomaticattv.
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Oenerai pt.aa· of Wqrk8 t11 Btngh.amton.. 

In I arJ 7 in..e Ct ty of Btngh.�mton �commenced ., 

tem of wat·•r works. �II ergctlag an engtne la.ou.se on 

Cou·rt str9et on tn..e· E·a.st•rn sta.e of tn..e City. Two 
. c..... �· 'l#§t-ia about tw�nty f tve fee-t in aiamet•r ana about 

pump of th8 Hot'Ly. Manufacturing Co. 

of tn..tJ f i rat c_on t rac t.s tfVe r maa,, by th� Ho 'L iy Com­

pany. In 187§ t'Jiey _purchased. of the .same Co1JJ.pan11 a 

'llo1,7,y Quaarupi..ex en.gtne at a- cost of $17,000. oo ana 

witn.. .a .capactty of 2.poopoq gaZ.tons per aay. In .!'e·'b· 

ua ry, I a a�, they .st t Z. t 1ur.th,e·r · tn.c·�•asea th.e i r wo-ns 

�, 

_,-I. 

l 

!

. by �rchasi!!g a _.s,..� m.,tiiton gaZ.1.�� .eng. tne at� _co�t-·,. ,_ 
' . 

. 

,. . 

of neariy· $2:lif)OO. 00. 'l''J'l,ts �s b��n tn,_etr.main ngtne 

evgr sincg. 'Ph,g �ngtne /tr�t_purcn,a.serJ. n,·a.s ·b,,en ats. 

card.ea ana ta� ·on� pu rcn,as_·-.4 in I a 76. is 11,.s tfa. oA.111 

uill, gn repa-tr$ a·re being.ma-a� 01i tn,g otn,e·:r or .uJh,en tt 

tli .sta-rtea up atm.pty to. keep ·1.t ·in sooa conaitton

as is aong a bout lfV!!rtJ ·two w•eks. 
'--' 

. 

. .  

'J'h,e weii area has b·ega tnc-re"&.ttd. from· �aa .sq.ft. 

to about a,.� •9•ft�b••t4•s 4aving n..aa ptpe.s tata. 

·tnto tn,ig rtvtt..,,.. from wll,.tcJJ, wat.l!r ts_ cira1¥7t ·wn,en th.If

aupp 1, y tn •t ]J,g .· we i i .s. t .s iew.. ... 2'h.� uitl i ,.. a:re . a' i . s�nk .



.to a <J.tfpth ·of about t.wenty�feet but tn,e a�attabi�
../ 

a.ept7i 'll,a·s btfen.maa• rnucn, greattf11" b11 .stn>:tng a.. nU?JJ.• 

b�r of ptp�.s tnto t'Jl.e wd&� at (lgpt'h.s varytng fro'f!l 

ThtfS9 wor'Jc.s arg run enttrtf'l.y on tn,9 prtnc'lpZ.tf.s 

of the Hot'Ly systg111. ana may bg taken a.s a typlJ of · 

/ 

-
.-"'--

/ 
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tng a rt1at1rvotr on·a htii �o�ta gast of BtngAamion

acros s t?it1 Su.squ<t}J,a�n.a rtv<tr,from which a h,g':/· of

sgvgr:ll, · hun·arll)a ffl(lt couia cg obtatnga.. One of thlf1 ,
' 

gr,gat obJflC-tton.s. to th,t.s pi an, tj not the greatt1.st,
L 

was th� 1,�!D),gn sg lgagth, o/ /tow (a�a const1r1Uent to••

of h�ad. .. 'by /rt-ct ion) tll,at ·wouia be requt·rgd. of tn.e

water ..

from U1t1 i 1, s tn _thg . va ii ey as at p rq-� en t. I/ tA 1, s pt an·

]l.ad, .'bgen-./o t 1.·o;we.d. out;'t-hey wou-_i� havg,..JJ,<i,r:t. on th.e on•
-� f .  . . ·. ·' 

. . 

.. hana til,g aa-vanta_g.t1.s of thl!·g_ravtty-· syst'111,,1J'J,tt o_n

the otil,er hana a vt1ry exte1J,stv,i ay$.te1/1. .of ":pu. ... ptng

/\.wou.ia ha.ve bee� n �c�.s.;ary. Tll,",i /·rtc"t t_an t-n the pip••
"--

' . . 

from tk� pf,tm,ps to tae rt1•t1�r.t10-lr wouia. be consid.t1ra-
• 4  

bte and.�hfl power rt1quirt1a tn tn• pf&lfl,ps wou.ia b<t

cons tae ra bl,y 4 711:0-re t nan tJ.,,11 tJJ,•�•• tc·al, powg'Jf' wh,icn,
. ' 

such a resgr:uotr ll,qaa wouia •fl'.•'frtl- Aga.tn the fr1.c-
. . .. 

. . 
t ton tn th,i p_t.pt1S j rom tll,_(I :rtWt1"1e jr, J>a_c): . to th,..-

' . r 
- . . l . � 

, 
c�tY(�ng �ck_noi fa,r jro111, __ wh•�•- tt ata-:f'!tt1a.).

• • • 
• 

• � • ,. ·: • 
y 

10o�Z4 'bg ta.rg� ana thg ac tuai ;p·Ntsur• _:tn· t� c1.t11.
/ .. 

"I 
I 
I 

\ 
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wout a· be much ie.s.s tl'uln t71.• •1'•ore t icci \ pre.sau:re 

aue to the he tgll,t ,:,f thg 'lf'g_s,g'f"uo t·,-. Owf.tL'!J. to tJJ.�.se 

two sources of Z.o.s.s of· Mad, thf! auatl.abl.,, p:ressure 

tn the Ctty wouZ.d b� m11r..._cn, 1,�ss tJJ.0,n t hat aue to-c!hs 

work of the pU111.p.s, o·r, tn others words, th':1 pres.sure 

tndtca tf!d cy a gauge in th19· City l'•ar th.e pump.ing 

& tat ion ( on the re.s�ruo ir sys t�) wou Z.d. 1:;,i 1,gss 

than the pr'!SS1:JJr,g bi, the .sa.m':1 gaug,g, if tn,,g wat,,gr 

wer11 pumped dtr1JctZ.y .tnt·o t'h"J -mains,by a pressure 

k�ad equat to tkg friction �ead of tll,e pipgs to and 

from tM res�·ruotr-assuming t71.at ·th� d_i.s�anc� from 

th,,g pumps ·d. i rl9 Ct . t O tk�. ga:ug 8 is SO ·.Short that tb.e 
\ ,.."'-., . C4>t, o.e li�ol.ected,. .. . . 
f ric-r;·{on· oJ. ;5ip� 'b't1 t'Wflen · th(lin • .· g (:, .1 7 C Benett 

'by pum.p ing . rl i rgc:t 1,y in. to tat! ma ins·. tht·s· ttno rmou.s 

Z.o&s of wor'k is au�·rte-d..; I_t wa& pro'bri.1i1,y ·tn -recog­

nition of tJJ.ts�/fCt t� tt was a·ect·a:a tn Ia87 to

purchase an 1:nging for p�1:JJ,g · dtrect'l,y tnto the 

matns,.'!3--;thougn t.t was not t�orougn,1;.y appreciated. 

unti'l, t'll,,g SUrt/81/.S of 18'1'� ha¢ $}l,f)UJ1t'--' tll.ts· J'.At:t
1

as

u,.gl,1, as the great cost of such. an und.erta'Jctng. 

1?1-er11J'org s.tncg the bea_t sou�rce of water supp'LY. 

�;i.s �n tn.e ti� ii StJl near thq c 1. ty t1l.8.· Ho 1, Z.y Sil� t.ffl 
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bg.stae th� D.L .. ct, W. =t-attroact cz.na thus coat t.s brought 

at re Ct ly to th,g WOr'/c$ �-t tn.ou t tn.g tr 'bg tng O bt tJa,
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.P��ns ot· w�Z.Z.s ana' Eagin� hou��.

Tn,e eng tne and bot z. .. r h.ou•e 1.J.s of b-�tc� ana --L__ 

bu ii t accord. tn11 to t.r1,e p l.·«:a a:s sh.own tn tiv� accom-

pa11.y ing <!rafts •. On each st:e of the entrance ta a 
)

.·
wez.i twenty te�t aeep and twenty ftve feet in atam-

ma incte r of tn,11 d. i.s tan ce. I_n June 18 '76, a wet i was
-----.. 

excavat--.d by the side of t.>i,e river. Its atmenstons

a·r,, ra'xl2' tn.s id� .. It was {11J.g 14' betow iow water

mark of the river. ana was waZ.1.ea· up w�t'h· timber /or

the first ten feet. Tn,e top w�s cove·rea wtth ttm.lier

and "-5n th ts wa.s � t4 lWO f ·• • t ii'/.. bro): �n- s ten e. ,_ Cm
·'\.. . 

thesl? weN taid Z.ave_rs of ftne gra·vei (l.nd. sana.

o'bJect of thts wa.s to thoroug'ht11 ftZ..ter at& U!ater"
,. · . 

. 

whtch s�ou_ia come in r�m ·. the · r.tver. · "It wo rkea.· wet a
. 

"'--for a tim'!I but the ]'i'lter graaua'l'ly becam.!f' cb.of.>:e4 y:

up ud. t'h. sea taen t. Wt �n, ev id.en t iack of J' o rea 1,gh,J,

no p·rovt•ton wn,atever w as maae f'o r shut!tng -of'/. the

iuate'f' 1.0 that tll,e rtiier couia b� c Z.ean,ga. 'l'n,e ;ti­

ter ·b•tng on.okea up,n•'""'11 "'' the aupp'Ly. fro14 tn,e

·rtve1"' was C11t orr rrom th.ta .,�,,- cm4 th� �st of

the wa�er c·omea 'ln rrom 8pr1:n.gs o• t!l,tt north a t4e ·

. .

j. 
I 

t I 
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of· thff wt1iz.. 111 tht1 •-umm"'
'\ 

of 1878,a. fou�rt.,fln tnct 

p ip19 wus rvn from tn.ts we Z. Z. • ftHtn ty two f •• t. tn to '­

th� rivt1·r.· 1?a.t.s pipe was provtcl.t1d with, a stop vaZ.vfl 

ana no wa�r was cl.rawn from thg rtvjr untiZ. NotJ�'bt1r 

wJJ,en t?l.e c:lem.ana i11crea&ed.,as it aZ.wt.iy.i aoe.s 4uring 

the frosty montn.s,ana_occa•ionai 4ra/t& havlJ 'bgen 

maag on the. rtv e·r & ,n ce tn.a t t img. 'l'n. i• w• 1, Z. t•. con­

nee t9a wit n. th.ti o the rli b11 a twe 1.ve in ch, pip• m tc°Ja. 

is provt.aea wt.tn. a stop v"ive so tn.at conn11ction' 

may .be 9n t'irel.y &n.ut off if requtrea. 

In Jul.y 1aaa,•tx stx-tncll,_ptpgs were artv11n in 

thq wq1,l, on tn.9 east s tae of tn.e main cut.iain g. 

Jive o,f-t'h,g-m.;�re sunk to a a'ip th, ot from setJen;;;n 
' 

to n·tnfflteen f•g·t ana a targe f'tow of wat,er.wa.s ob• 

tainea from tn,e.s9 •. 'l'h.11 otn.g·r ·was sunk tn.trt11 feet 

bti t t "n,e f l.ti>w was not as great · a& from tn.e o tae rs. 

7'n,r•t1 more five tn.cJJ, p1.pt1s w1Jr e az.so sunk tn tn.e 

""me we 1, t 
I 

btl t 1 
9 'l t1'er .from not •t rtk ing. t n.e �9 in, Or 

from getting ctoggea, b-at. it:ttle watt1r wouia tiow 

from tn.•m.. 

In. the •pring of 188S ,jou r & tx- tricn. p,tpt1li w•re 

4�tven twen ty r•et tn tae weii oa tn.e we&t &tas of 

Ii· 

- ·

: .. 

I 

• I .l 

.. ' 

I' 
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,�. eng tn.g ho•••· r1a:t• tnere_a•e4 t'll,f!I /'1,ow •o tn:uc'JI,

tna t on Z.y . a. Z. t t t Z. 9 water wa.s �qu t red� to be 4 r&Ufl

from til,g rivgr 4-urtng t}J;e •um:mer... A ttttZ.e uAtZ..e

afte·r a sttz.i furtll,er a4c1itton was mact• to thg weii. 
" . j·•v•tes by _4igging a c�mpouna wez.i atvtaea tnto

etg'ht compartmmta. · Each compartme nt ts 20' 1£'x10�
Je,t 

tn•td.e a.imenstons,an ct about twsnty
l\

aeep. Tn,e toiai

1.ength ins tae the two .na. wat-1• "'t$ tn,er'1fort1 I'?•'.

Tkts ts con ngctec.t with. thg oz.ct w�ii on · the tJaai

sta.1: of th• 'buticttng wtt.>i,, a 80 11 pipe. 1'11,e compart-

m.ents are separated. b11 a two foot waz.z. whicn, has

an arcn,'?cl opeatng tn,rougn, it wb.oat1 ba..se ta two feet

\ 
above tne �tt,om o� ·tll,g �z.z.� �� �ettom_of tn,g wez.z.

is abo�t" ten f'get. beZ.ow a tn1ra·gs· i�w water m�rk in

tn.19 rtver. It 1.s prope$ecl to 1'fln a p tp,g I rom �tll,e

b.� t O'llL Of th9 W9 Z. l, to ·a crib l�O- feet from tll,e ri11.,,..

bank. 

from

At tn, '!.$ -po tnt tn,� ptp;g WIJ'fl ;a ba Z.a ta. nine

uncler iow water ma� 1 Z.eavtng a faZ.Z· of one foot
/' 

t'll,e rtver towara the wgz.z.. �e -to�at tengtll, of
"-' . 

encZ.o•ea in a crtb vAtcn, wouia. h.a.v e a.n inne,r box

., � l
.I 

I 
l 

I 
1· 

\ 

-·



1'in f g 8 t from. t7itl po tn t 

wb,1Jr1J t7ie ptps at·art.t from t7ie wez.i,a vaiv• w•Z.Z. 

� tx f e• t tn "tcung�·r <.ind of .S'Uf r tc t,m t d<tp ti!. 7it.i• 

atrgaa11 b•en auo aaa a t�trt11 tn ch .ttop v<.itv• aaa

b••n pi.acea on t4e pipe in th.is wez.z.. Th.ts is a$ 

far as t7ie pipe at p·res11nt e.xten<l�. 

At i. t7ie wet is a·r,g connt1cte d wtt'h. �ach o t'h.11-r-tl.l.e 

tfll• oict. w11Z.ts betng connect1J'1 b71 an arc7i-wa11 running 

under th� �ng tn e n,ous e. 

tn,e side of the river runs to. ·th is a rcn,,-wa11• 'J'h.e wa.-

ter ordtnarti·y .stands at a aeptn, of a'bout fivg or 
�"'- -

• 

It is propo&fld. as. a furthqr ·aou�rcg of supp1,y to . 

41.g another tr6!7-ch wet._i on·the w1Jat·•�4•·of t1l.e ioJ 

\..s tmt 'La r to thlJ one on thlf! east s tae. ·ns auppt.11 

from tn.es'1 can furt7ie r be tn·cr:-e<J.��a b11 a.rtvtng $'lX• 

tnc'll, ptp-J/$ at tnt1Jrt1aZ..t of riftggn to twenty f••t• 

In th• op tn ton of t7ie •up� rtn-tena.,-n t .··m,.,aau re.s i tke 

t7ieae wt.ti tn.surs a wat11r .tupp1,y for . <.it iea.tt tn,e 
. 

.

7!exi t1Jn Jl•"r•• 'l'h,91/ avota.,aa much, a.s p�sa·t'J:fl,IJ 1 Ma• 
. 

. . 

t_ng rf.t1t1r water,atth.oug.11, <.is wt.ii· .Z>e .t1un.un o.fier-

toa?fd t1a.t1 u,ater ta"Jcen from thg rtver ta ·VtlrtJ gooa 
� , ' 

� .. 

13 

-·
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4r'iaktng. water.- W1J.a.t tn,e11 wt·l,l, cl.o for
� 

a water supp1.p

wn,en tke city Ji.as grown ao tli.at the prgsgnt suppt'IJ

t.s tnaaequa.tt1,wt1, 1, p·grhaps bt1 .a at1·,-tous quest ion

making a skt1et iron pipe cons i<lerabl.11 iarger th.an

the required insia9 cl.tamfltt1r and. 1,intng it with a

tk ! ck iay ,g r o / 11,y a. rau 1, i c c t,m1Jn t. .'J'h, ts pt p e a/ t e r

n.av ing · be f'!n tho·t-.ou gn,1.y a rt ed. ts v g ry strong ana

\ capab'Lt1_ of :...ustatnt'!!g con's-4.erabte· p_,ressu,-,,.· Stn.t:tl

tJ,,q-�ity ·c and, 'co·nse.Quentl..y tie .wa·ter wo·rksl have
.,, . 

tnc-reasea, tll,e prsssure _on tll,e _ptp�s nea.r tl1.'9 pt11aptn1
. .  

st�ion has tD be VIJr./1 much. grt1att1r than /0-:rm•r,11"
"'-in Ord.er to obtain a giVll11l pr19S$Ur'1 at the ·tlXtrt1m•

ities .. 'l'n,e prt1ssure wtZ.Z. bt1 tnc·reasga by 'th� .1-:rtc-
. 

t"

tton reatstancg of the tnc·r11asg<..l Z,t1_ngth :ot ptpe.

1'hts Ji.as proaucea a great11r pr•�su re t7ian auc]l, ptp9s

· a-re capabt? ·of bt1ariag._ ne s ht1et· tron on th,t1�e
� . . . 

ptpg.s is so thtn tJl.at tt ont11 rt,qutrt1s a compara�

tt1.n1i11 ·short t tmt1 for it to rw•·t awtij/_�a w7i11n the

( 
I 
' 

14-'
I 

I 

I 
., 
f 
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but LittZ.e at"rength to su.s.tatif t?z.� great pre.s&ure. 

t7iat kas to ntt 'brougkt on them espfJc ial, Ly "tn t ime.s 

ti/ fires wJz,e11 the preS-$ure is rats ed. 'l'Jie targJ& t 

These pipes are now fast betng repLaced by tron 

i.s from s i.x-ty to s �v,in t11 pounas and it is 'kept as 

iow as thts on accottnt of the· comparatiVfJLy wttak 

conaition of t.'he ptpfJS. If tli,fJ ptpq.S wfJre a.ii of 

tron the11 woul.d btt abi� to car'Yj,/ .1.0<;)-120 pounds 

pres su re a t / i res. The 1 4ome�tic pr9ssure 1 is 'kttpt 

) at u-1;-ou � 4li pOUJd.�. -

-"'- -

Jan.1,-1884, tn;ere had beg11;_ 24 mil.es aao fet1t,.. of 

ma ins i a id. Of th ts a11:,ou1t t. a 1. '£ t 3 _1, � over h� i.r, o·r 

12-�tiZ.es 2491 /.!"t,conststs of troa p!pe. 'l'hs a-

mount in si�t1S- are as fo1iows:-

20 tncJv---------------- .. ·-----18iiO f•et. 

18 •, - - - - - - - - - - - - - - - - - - - - - - - -28 ,t;· ,, 

12 ---------------1 mtis- aago 

1 
IO I, 

. 
- - - - - - - - - - - ·- - - - - - • - - - - - - - ,2� ,, 

8 . , , • • - - .. • - • - - • • • - - --- - I • t '1, t1 .• Ii 8 g ., ,.,

ISi 

1 
i 
! 

. . . 1 
s ,, - - - - - - �"" - - - - -.- - - -. � at i-e,- 14/ia ,.,

·j
? � 

.-::---:--�-----...::...----_;,,,---------·: _;__.,,......., _______ _ 
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4 inch-----�-----------11 

Pta:11 of bo tter.s and. furm.f1--.Ce6.
� ·  � 

. , 
' 
.. 

In 1878 o•e of the botier6 was set with a Jaruts· 
- ,.-. 

Furnace.' Th,ts gave such sattsfac tton th(f,t o the.rs 

were put in cm.a now three of the four bof.1.9rs are 

set with this -fu mace. 'l'he prtactpat featvre ·01. 

thts furnace consists f.n supptytn.g p11,re air,4'?at�'!, 

to a ve,ry n;igh trmperature, to tht1 gases whtch ar� 

generated in the f11,m·act1 and. producing a gas ['Lame, 

taus consuming a great d.eai of gas that Wti>Uta· othe·r· 

wise ie was-..:t,ed.. '1'?1,e air p<f.6S·t1s tn by sma.iz. ·o--,,,,.,ntngr-
• 
tn· the front and.· tra.ver�gs 'li-ong �Xpa:t?,d.tng d:u.ct.s 

'buiit ia the tu·tn.act1 wa'LZ. ana e-nt·e-rs,htghi11 ht1·atea, 

t hrougk open tng on· the 'bri<!,g e wa 1, 1, ana on tht1 s taes 

"--or the j'umace waiz. . ... •WIJ,en screentngs ar� used. th•g 

When th. 1. S fU � 1, f}, t 6 buJn tld. · a 1, (Z. rg_ ti a7JZOU1' t Of 'h.111£ ro.lJ tiff 

comtng from th,g wa.ter, ts t1t1€!-Z.t1t1<l .. 'Th.ts pa••es ·ch.·lf'Qugh 

the heated. atr (ox-
. , 

11 gen) t h,gy t:0111,_b tn 8 �1c tng (.&n OXy -/'l.y tJ, ro_ g ffl. f 1, GfA .. 

'l'h.e essntt�Z. fut,·1, of· th,ts furnace ts .therefo rtl·

• I 

I' 

) 



). 

gas. Thts· fu�ac11 t& ·aaaptfJ<1 for burn:t11.g1... at111.0$t any

�ind of fue'L �ttkout tll,e u�1: of a ciowe-:,-. 1"11,ta in\

coaZ,plJa coaZ.,wet p�at,wf!t hops,.saw-au.st,1.ogwooa 
"' . L· 

.

ch ip.s, rte e chaff, wg t bega..s s • ,� c. 'TJ,,g Jarv ts COflJ.-

pany aavtses the usqof a smaZ. 1. a'n'l<Junt of httumtm--:­

ous coaZ. mtxea wtth the .scr�IJ7ltn.gs,cut,a.s wt1.Z..l?•

shown farther on, the coa i scr1Jen·tng.s '/J,ave been U�IJd

aione-a g'reat d.1Ja.Z at .Btngll,amton ana as therlJ is

abundant •pportuntty at the Water Work• to teat· tli.lJ
,._; 

1JCD1t.omy of such firtng, it is probacl.y consia,,·r11a

more ·eco11:omicai. Aa tnspectton of the Super'tntenilent•s

71.!.onrths of the yeaT' the d:ut11 of the 911.gtne was 7!l'Uch

higher than <i:u.rtng thfJ rttmatnt.ng mo1.1,.th.s· ana yet for

the first 19f.gJit mont"rt,s ·of the y;Ja·r, thg· screentnga

we",ce used aZ.one •. Of course... tt cannot be cz.atmed t1uit

an tnf11rior fuei couii:l. mak1J a. :Jl..tgJH1r a:uty per poua4

(r fuei _us ea; but t t shows tb,.a t wt th tht.s ru;.aee,.
'-' 

us tA g oe a 1. s e rft en tng s a i o·1lie wt i i pro 1:ia b iv no t re -

auc11 the auty as fast_as �t wt ii reauce the cost.

· (Mo re· of this wt.i 1. 'b� found uaa·g r tli 'I h9a<i.. (;os t. of

Ma tn t eaan cg. )

-·· 
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n·aa of 9'1ti!J tae.s ana reguZ.ato.r-. 

'J"he �e a re · two Ho 'L i11 Q-ua,i-:tup 1, ex gag 1.n e� t� tn.•

con ce rnea, to use mo re t Jian on.e of th�m at onctf. 'l'he11
!·

\,;;i stze. Zach .on� ?ias four st.gam c11Z tn.d.�rs and. four

cLoul:ie acttng pump&• ·'l'h,e cyZ.tn.aer.s are tnc1.tni?d. at

an �ngtg of 4§ 0 and the pumps are'tn airect itne
.. 

wtth the c11'Ltncter.s. 2'?J.g ptston roas are conn.ec&ea.

(as snovm tn tne p ia te) to a. co7Ttl7'.on s haft. The
• 

crank ptn for on'J -patr of connqct-tng rt;>cl.s t.s .set
0 18§ tn a_<lvance of tll,g othsr. By t'Ji.1.s mgtn,oa, eight

i7[Lpu'l,.se.s arq gttH!li11 to .tnq m�nine·111_ .during ga<;h
) -

-

-- revoiutton ana a�• the .shaft car:r,t�s a /"Ly wh•e'L 'Chtf

.. 

oh ta ��d · by c-rank' 'li!O t ton;.

'l'JJ;e c11l.tnd.•� can a.ii be wor>:ea as JJ,trect aci-

1.ng engtngs or th,g steam may 'I:.• a.cl.1t?tttea d_trecti 11 

r to on Ly one or two c11 t tnae r.s aaa th,en � exhau.s t tnQ
'-• 

......,tn t O t n,e O th 9 r cy 1, tnde'l".S con v• rt the eng tn (f to a

cO'('Zpouna ,ng tn_e.

TJ,,e fjatt1� g!far ts th1t ordtna.rv .stt4tf vait1e wo�·eq.

·•ccni trtc •a ad.mt ts thg s te(l.111. ·tn,_roug11. ,.,,,.

( 

1g\ 
I 

' !
1

.I 

I 
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whote .strot'�r,.. .A 4oubt• pupp-�t ttat'tlefH)t.s conngctea .._

wt't7i qach �t•am ch•st aaa rggutat'!S t� potnt of

cut off• 1'hts vatyg 't.s ope·rat,ed ·cy a revo'lvtng .sptr­

a-Z cam(C}whf.ch moves in an. a.xtai clt-rectton, ana wh1.t:n,,

can vary t7ie aamissto·� of st?am from ze·ro to 1,!z.'i

stroke. T7iis -,.eguLa·tor ts one of �ke great •.s�en.-

tia.Z. features of the Hol,'ly system. It consi�t.s es-

stJntia'l,1.y of a water c11'linaer:-(A) w'h,tch ts connectea

air9ctty with the wat er mains .. Wht:?n t7ie pr•ssure

c han·g es [ rom the no rn:.ri: i in "! i the r way the 'l e'fJ (J r(B)

throws the friction ciutch(D)tnto g�ar. Thts moves

a cha in of g '?a ring an a bfJ t t�. an c1.· f ina'l 'ly th• c a11t

\ (C) in p ia tq l.J I_ t� mov•a�o as
-

-

to a·i te r to po i_nt

of cut 'oj /· ' 

'flt;J, ·ns owing to a /tre. or ·some simi,1,ar cau$e, the

tk-9 mains wouia at once iowe�.·. .. 

wouia ·cause thg r•gutator to wor� the cams $0 that

t.,,_ . . ,I /' "-- aamis• .. on of .steam t.nto the. cytind.lJ'_rs wou'Ld 1:;e
r """ 

tmg thened.-the eng tnes woutd do mo re· wor'J<:-thg wa.,tgr ·

wouta .be pump'!!(}, into tn,g mains ;·ast•r and t?it1 aof'T!Lat

... _

'.!r· 

r 

:-."·----�--,---------------=-------,-------��-...._,___,, ___ _ 
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) 
un t ti the pre• .sur�· t n the c11 i tna.gif' t.s the requ t:re.a 

\, 

pr,gssur11. Tn,g regu.1,.a.tor at on-cg a.(J.J�st• t'Jw> n.z.gtn·e 

to i tS in C"reas 9d WO .,.k _ana th i S h ig h/?r p r•.s SU re Wt 1, 'l 

1:,q for the time t he 1.flor,na, p·r19ssur9 whi ch thg reg­

u i a to·r wt 1, Z. a.u tomat'-t,cai ty ma tn. ta in. 1'hg reguia. to·r 

a'lwa11s. matnta in.s. thg pressur!! in thtJ mains at the 

point to which it.has be1Jll. aa.Justg<i. for a nor,nai 

pressure .. 

Tn,e n�cgs.s�ty of having some m eans of equaitziag 

th� p-ressu·re which wou 'l'f o the;t'Wi se be greatly chaag 
<.. 

-ga b11 the va'T'11i ng <i.e'li�anas on thq m.a ins,is sh owa

show t'Jie varia t·io'lli·.s of -{rlJ � su·�- for pe :to c1s of tw'91'l•

ty fe.ur hou� �ach •. The.fi�t thrtJe were attached. 

to the HoZ.z.'y t:?n.gtnes at Lockport, ana the fo'!'-rth wa..s · 

··\ttache<i. to thq -p�ps at Sana��1c:11, Oh-io,
_1:'J

hich ha<i. no

regutato·r. <l.l__a/oriunat':11.y, in t'ht!I report frmn which 
. 

.. 

th11se diagrams were takea;no l,iae s were arawn in 

· the c.tiagrd:rn.. b11 which ths a_b.soiuie pressu re can be

But a ctose _a.pp-:roxtmut�on can. be maae b11· consta•i-­

ing t� &.tatemt1n·t ,gi ven tn the re-port, that tn the 

\ 

-·
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/1.rst· �ta"�·, t'hg ll<P"rta'tto·n bf p?f"e.�S'Urg tl/Q.8 i gs.S 

t.wn Jtvg poun4s a.s ioa.g aa t�, regutato"r. waa ai-

tachlJd, 
1 

but when thg . rfllJ-U l, a tor WGt.S d,g tacn,e<i,
1 

a.S t t

was -tor four lLou·r& and. a 11,Q.'Lf, tkr:J va:rta.tton waa

about thirty ftve pou12.d.;:'J'n.9 othe·r atagram� Wflrfl)'·

I.. ' 

-�. ) • , , 

f 

; 

•. 
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Cs: 1iounas of coa i us ea· du rtng t rtai.

Dutv means tht1 nvmb9r of pounds of wat-� uih.�ch ts
\ 

--

·rats ea on� Joo t for every -�00 ·pounas of coal. ust1a ..

As the ·aeiatis of the soiutio n of the /o'TfTl..u1,a were
"-

not gtv•n tn tJig_ r�po·rt tn,e caicuiatton ts maa� as

.fo'l'lows:-

Th,e d iame te r of tlie pump ts B� 12S and tJig ar•a

.!· 

.'1r'd
._ " 

of on 9 s tde of the p ts ·ton = -;;:-- = _8 •• &9 7; but tn,e ... ,

piston ro_d is attached to the other side of the pis­

ton , an a on th a t s t d g th e g f / e c t ,t v e a re a - a rig a of

pis to'f{-Q,rt:Ja Of C"rOS S StJC t ion Of rod.

-n-cL !J. "Tr �..,,...._,o"""'t.-3,,.. 

- . ,, 
4 re a of cross s g c ti on · of ro a = 4'- == � 

- ! · 'I or

. ,, . . 
. 

'l'Jz,q str�e is 24 and the·re/ore the mean· thgorg�tcal.

amount of water pU177,),·ed at each stng�� pu11J.p .. s trotg =

88. 898'1.24 = I 528 .. 882 cu. in.
IS-.'l, 'l'. ' . S a_" ,r 

17 � 'T . - • 8848 c.u. ft.

• 8848 "l4 sa .. 4 = li§.. 20 pounds.

In pu11J.ptng th'1rtJ ·ts a'l.ways a CtJrta-t_n ampunt _of
( 

iea1r:ag� aT.lld from oth9r expgrtment� maae on pumps of.

th ts 1c :t11ra · t t ha�., .. -b tJ en c" i cu i:a t 9d. t n.a t a: b_,.iu :t' fJ 7. •fa-.

j. 

-! 

I 
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of _tn-e· tn,gor�ttcal. ame,un.t of ·water ts actuat"ty pump 

• qd.

66. 20 X 97. 5 = §8 .. 82 ppun.ds of water del, tver�d

at each single st ro1ce of tn-e pv:mps =P of / o'rtlllU ia. 

TJie 11,.um,.big r ot revo iu"'t.iol'lts du ring the expe rim.� t

,, tg n; t· .st rot e.s of tn,� p'li._'ll'J.p.S a re maae. Th,� rg/o re t'll,e 

numher of s troktJs =8·X 49286 -8�8880�N of the form-

TJie prgssurs indicuted h� the gauge was 40 pounds 

to t he sq. in. Th.e tnatcatton o/ the gaugfJ rf!lal.Z,y 

1/L'Jan.s rqadtng pLu.s atrtt0Sph'3ric prs.s.sure (wh1.cn, the 

, wat-1·r enco11,ntgrs whgn it 'lqavqs th.e·· service pip es). 
) . �"'- . . . 

. . .... - . : . . � 

Th,e wat'e·f' is /f?1.rc.ea from t he �e_z.·is ':tnto the pum:ps

by the p"rt1.s .sure of the a tmo s phe rfJ bu t .s inc g t'h� 

g<Jj�e "is on'l11 a:i"!-8· a'bovg ·th,e surfa.,ce of the.·wate·r

in the we'l Z.s, !4e pumps are aided b11. a pressure tl• 
� 

Q1.tal, to atmospn,eric prgssure mtnus the pressur• du9 

to th,g J2,eig7£t 2& (J. It i� e-s'timated. that th,e fric-

'tion o/ the water tn passing through t?IA engine ana 

.suet ten p ip_e t, equ tvai qn t to u pressure· o /  Qn e 

polJ.na. Tlie r.ef o ril the t rug pres su rif th.at t� pts- . ' 

· tonoi" n,.av� t-o work against ==

-< 4-
1. 

I 

!
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40+1+a.tmos. pr. - _(at.mos. pr� -pr�ss. c1u�· 
. ,:z.. it: =- 40+1+22. dl.1tt �

= 41+9. 8 

= 50 .. a= p�re&sure on th� p'U'!{?pS tn pounc1s p':!r 6Q. tn. 

But 50. 8 x zii?''f- = ':1-1 .. 2 8 = he t g J,, t tn f ti tit a11. elt·o such a. 

pres surf:!= H _ot fo rm:ui a. 
. ' 

Rt,capttuiatton of data. 

P = fj8. 82 H =I 17. 26 

N --898880 C ==8100 
66. 82 "8B8{J80.X'1 J1'. 28 X JuO =IOJBoOOOf>rtty = ,8100 1 I 

= .ntp/)J)er oJ pounas o[ watt1r rat.sea one foot b11 

t h11 expgnditure of IOO pounds of coal,. 'P'his r•sul.,t 

d.if fers by about I�J{ .from· thg re,ut 'l. t wo·rk 9d. out 
� , . 

'by Mr. Joh.Ti Evans �o conduc.tttd the ,gxpf!Jrimign_t, 

(i •. e. 81514000). As t'll,e detai'l.s of his soiution w•rg 

not gtvgn tn 'Ji·ts report, i't ·ts tmpo_sstbl,q to teii 
� just what caust1d thg dt.screpa.nt:y but an inspection 

of the fo-rmuia wtii show thut tt wouZ.a onZ.11 takt1 a 
/" 

/· 

\ 

-· -

.. 

.sZ. tg'll,t dtf/er11ncg tn thg· pr�ssur,g-tess t'Jl,an a pound-

to caust.? thlJ cLtfference tn the re.sut t.s. It wti i he 

Sf!Jen· th at no cLeauctton was mad.e tn this exp':!,rimqnt 

/or ctnaers,asll,ss ana un'bum_ea coal,. If tats 'll,ad 

been done the rqsutt woutd have bt1t1� 

.,. 



. . .. ) 
80.18.000 )( 8100 

. BIOO :..r- B40· tJOp40,000 

A 'I, tJz,ougJz, it wou ta be t·a tr to ma�e an a-Z. t owan � 9 

/o'r unburned . coq.Z., i.t 'is unfair to aiiow for ctnaer.s 

and a�Jz,e.s,and as it ts unknoWlili what part of t�e 840 
� �· pounds residue con.si.st,d of un1Jurn9d coat,tJz,e lower 

duty must 'b9 ·t·aktJn .. 'l'he contract catiea /or a duty 

oJ over 80 ;{.

During the mont'h of Junuary 1888
1 

the six m.t1.tion 

gation ?ngine gav9 a,rtJguia··r duty of 9•/J8B,840 foot 

285:SOO ga'l.'tons. During, .the ·r-,,.matnder of the year 

the . daily -p_umping w� Z�s.s wJii'/,q the amount of coal 
- ,.. 

consumed �as in genera 1. more �nd consgque1!ll tl,iJ the 

rl3gu Zar du t11 ave·ra99cJ. but 64§88910 foot ,],'b�. ·'It· 

m.us t he remerit'be req, ri,oweve r. -taa.t· a t e� t duty o I an

engine i's-- aiways m.ade wit/'1, the �est coa1.
1

pick -? d and. 

screen ea. During I Baa, over ss,: D/ the total. ·amount 

of coa Z. us.ea was coai sc·r�ent11:11.s, t'Jz,e r(l1l?atnae·r('Leaa 
'--' 

·. 

than two per c•nt)'betng bitumenous· ceai ana. a· itt·­

t l, e CO rd, WOO d,:

'l'ke dom.esttc. p·ressurtJ q,urtng the year·was- kept 
,· 

·-
at 46 pounds and the /irg pre_s_su.re ua ..... ri1Jd. 1J.etw•e11

i - 90 ana� 'J'(). 

:/,6 

1
/

·I

l f' 

,. 

,r-

-· -



40+1+a.tmos. pr. - (a.tmos. pr. - p.res�. £tu.g to· ·22: Bf 

� 40�1+22. BX7� � 
../ 

= 41+9. 8 

= :;o .. a= p·ressure on thtt pumps tn poun!ts p9r aq. tn. 

B� t §0. 8 'J( '!,_?'If = 11 .. 28 = 11,e tg 11,t tn I ett t due to -
d

ue n, a 

press_urg=H ot /ormu,.1,a·. 

' 

P =58. 82 

Recap t tu i at ton of data.. 

H -.=117. 26 

N --898880 . C �8100 
oa. a2 "a9aaao, x 11"?� 28 

!ft.tty = 8100 . X I uo = liJ() I 8 6000 
I I 

= numJ:;er o.t pounds or: watttr ratsea one foot b11 

thg expenditure of IOO pounds of coal. Tn,is r•suit 

_°':if f e rs Jy a bou � I. 6Jt,-rom th g re s.u 'J,, t-wo r'k ea out 
• 

by Mr. Jon,!? E.va.ns ;,,h.o conduc ·��d· the ,gxperim,gnt, 

(i•.:?• 81�14000). As thg det_a.i'Ls of lits so'l,ut{�n wert! 

'\'-not givgn tn nts report, it is imp�ssib.'le to tf!Zl 

just what c aus ea thg d ts c repa:n.cy Su t an inspect ion 

o.f the f°7flul,a wtl.1. show that tt wouZd on'J.11 take a

.s'J. tght diJ/gr9nc,g tn tne pressu'1!'ig .. 'J.�ss than a pound.�. 

to cause the cLtff9rence tn the resu'L t.s. 

s11en that no deduction was malte in thts expe_rim11,nt 

!or ctnders,asn,gs ana unburned coai. 

been done the resu'Lt wouia have b•e� 

1 / · t 11,:t s · had. 

r-· 

-· -



_) 
aois•o.oo )( atoo 

.IJIOO � 840 - 11op40,ooo.
. . 

. 

. 

(. ; 

AZ though tt woutd be 1·atr to make an aiiowanc9 

fo'r unburned co�i,·tt is unjatr to az.iow for ct'11d.8rs 

and ashes,and as it ts unkno'IJJNJ what part of th8 840 
. 

� /'· 
pounds rgstdug consist9d of un'burnqa coai,the tower 

du'ty must bg �tak�n .. Th,e contract catt1Jd for a duty 

or oopoo,ooo ft. 'lbs. and this test gave a surpZ.us 

of 07:qr eo7o.

Du ring the month of Junua ry 18 8 8, the s tx m..t i Z. ion 

'fJ8al500 ga�'Lons. Durtng the r�matncler of th e year 

the dat'ly pump.tna ii)Q,_s less uihiZ'J the.amount of cga1.. 
. . ..... . ._. 

. . . 

consumed was in gen.gra1.' 11J.Or� and .con.s·equ(l1Jli&t@ the 

reguZ.ar duty averaged. but. §4158$910 foov- 'L.b.-. It 

must he rem9'!1�'be rea n,owev°g r taa.t a test duty of an 
. . 

enging is a'Lways m.ade w{t.:i·.tn,e o.best coa1.
1

ptck "?d and 

scre,gnea. During 1888,over· s;-s�·of .t�tJ teta1. ·amount 
;-'" 

of coa Z. u� ed was coa z. s c·r,g9_,11J,�ps._
1 

t71,e rg'llLa tnde r.('L e.sa 

than two p':!r c•nt)betng bttume11.ous. coa'Z. an.a a 'Ltt-
, 

t Z. IJ CO rd WOO d •

at 46 po.unds and the ftre- pr.e-ssure · va"r,ted· ·t,etw9n. 

; · rto .ana 70. 

�6 

\l 
l 

r-· 

-; 

J 
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Coss ot· rnatn t�aiJa•• 

In .Ap·r(Z. I.878 an• of the ct:rl'Letf'S was r••et

with a Jaruts patent Jumacg far 1nt·rntng coaZ. au.st. 

Stnc9 then two 7TU'J.rCf of thg four bot'lers ��e bfJ-en 

of mainti?nance TJfJry much for not 01(Z.11 n,as thtl 

amount of fue Z. 1:uiign reci:ucea. but th-?11 ar11 a.'l so· ah'lt1 

to su°i;stiut,g coai aust or cuZ.m. for the bttumeneus 

coal, p·r,i1.J'tou,sty usga., At ftrst tae. ant'hra.cite ceaZ. 

d1,11st was mtxed. witJi IO·p�r cgn� Of bitum•nou� coaZ. 
Coctt 

but tJie · p ropo rt ion of bt turm�ousAhas now been so

r,iaucea tJiat .iast�ar t� was usg� anZ.11 .f•ur
. � -

·' 

months <1:u.t-tng the 1J9ar. �iJ rMnatnaer of th� ttm.9 

The fe7, Z.•w!ng wt·i i s7i0'1.1,!. ll.ow tne fue'L1- account 

has b•enveauc�a cturtng a �um.1>• .. r of y -ear.s pa6 t. 

Year Ce•t of f u If! 7, 

]872 18249. 78 

1878 $.8898. 8§ 

1874 $8880. 97' 

187§ lei 49. 20. 

187'8 I 11888. 96 

1877 l,aor�. 6§ ·

, ___ ,Ye.a
_
r 

18'?8 
"-· 

1a7g 

f880 

1881 

rssa · .. 

1,,. 

I 
Ca.st or ,.,, i

.

. 
11781. 81 ____ _ 

,a.s .. 26 

., 10(!8� �8 

I IO��. QI 

. :l7 

\ 

- -

I. 
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No an!J caus� can btt a.sar!bttcJ. for �tht.s rttcJ.uc t't•n·

re has bgen au·e part'l.11 te thtt r•auct tan in the pft-tce 

of coal, •trf.ct att(1nttan to ftrtng,•.-w pu.mptn9 ma­

chine 171, co-v�rtng e.......of steam. ptp•.s and p�'rha'P2. prtnct­

patiy to thg res•tting of thq 'bot'Lt?rs ana tM M11,pt.011 

-m�nt Qf coat dust.

A1.trwug h th,�rf:I was an tncr•ase in the _coit of 

fuei c_onsumea during tJi,e 1.::..�t few 11•ars th.•r� wa.s 

rqa7,ty � s7,ight �educti•� in thg cost,as wtii be 

Y•a1" 

I87fJ l8ts8 .. 28 

1a�o 
-

J88I 

• .,.840600 I 1. 48 

-"'--

----,----·--------

raaa 

1886 

13 

1008. 08 �82688810 I. 47

,, 
140�4. -aa 

•• 1 ,, ,4.7a� <JO 

�,., •. . ,. ,.1) ... "° 

..•• 48 

great 7auctton 11n prevtou.s yea.:r�. i'erfexampt• ta

1878 tll,e av(1"rl.lge 4ati11 ••(1 of w•I•� wa• 1•a•407 ,ai. 

ti'1t, <t, I . -­� "5' -. 
,, 
l4.82S. : ·"' 1'h. ts ma_k,g• an average· c1> .st _o.J' ,.)J;.;01 

/ •·r

$8. SI .P•r mtiit1111 gaii,ins whtc1,, t.s rr:.or• th.a1u twtoe 
as mac h. a• tn r 8 'J'fJ. 

-·

•'

!·

"J 

-

"' 

r. 
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C�dte<Zt c1J.a.raet11r 01· waittr suP'flll• 
_/ 

ri ta a targ�ty ac�ept11a optnisa tn Btngn,amtoa 

" 

&ft4

vtctntty th41t the whote suppty of wa.t·•r tn th• w11Z.l..s 

was �Dttcea uht._tlJ p�pt1s were 'b•ing artven tn one 

of tn,g we7.l, 1 w11,!.ck wouZ.a .s•�• to sn,ow tn, at t'he wa.t!l'lf' 

of th,q w1.?tt.s ts ,cJ.q.rivea from a vetn of wat:er cem.1.no 

from the 110 rt h,.

tn,11 rive·r w11ri, 4rt.vm ftr�t ana tJi,11 wa ter wa.s /l.ew­

f:n.g su t of th61Tt. c l,,gar wll,en tho•·e on th,e no:rth. s ta.e 

were put down. 

wtth a san,d. pump, tn,g wat9r f1,ow�ng eut of ta� ptpg.s 
,-"'- . 

. 

on th� �OUl·h. S i'1� WQ.,i. e·bs/ ru•cl '' to· be -Ve T'1J N ti • .- 1.i

t h,.g VJ4 t er. 7J.a4 lJ:t1n· f 1, OW tng f ram th II rt Vtl'r
1 

Ch II Wf.i t ti r

from the ptpgs �n t71.;11 sm ith &ta• uiouz.a · h;ave ·rem.A'ln-. . ·. . 

no rtn. • t4 e "f tn,11 w� Z. Z. •

/' 

1• 1888, th.ti fo7, lt1w1.n.g ••'11••.s •I tb,11 water frem 

,11,,, a tf f e .,,.,,. t ••u ref:! s t· rom tun, tch th.• we rt'• 4raw 

tn,e tr �uppty, w•r• made bv -w�ii '" a.· f'uc�•r, th4- Aa1,, te

. . 
· '1�rS41ken at t'll,e tnstance of t·'Jl.�- Ital� Beard, Of · .

;- N•a..i ,-� in • f'4,g.r th_&.� ti mtgh·t m_f.. t 'tg(i. t• 11•••-i ••• ·-

.t'l 
J 

1'"1 
,. 

--

, I . •, 
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f•ars tn r�ga,ra, to t'h,e peSQ._bte�1110.t•r •I th,!1 c�t11• \ 

.s·sat• Beard, of Heat th-New Ye rk 

Aa••11• 'ts •I pelaZ>t• Wat•r,

(Pa�i• 1.n 1000/o). 

Ji.ecetv•a /rem IJ:r- J. G. Orten,Btaghamton,N. Y. s.uree - r--' 
I 

ptpe •f wa·t•·r works. 

Dat• wh.•a 4��---- ---------------Jan .• 1s.1aaa. 

It " te•t•a•••:-•••••·------.. ··- -Jan. 17
1

1888

100
°

, •••••••••••••••••••••• 
. . . 

....,, - ' -:• 

--

Chiertll'lt ., .. .  ,.,.,,..,, •• �- .-

�. - .-- - - � � - - - - - - � - - - - �ra Pn.esphorta ac ta tn p71.osp7u1.tea- • - • • • • .,,. •. • • -•,Tn• 
Nttr.o11�n tn n�t�rcii•s ·a.na..ntt·rfte,1-.----·········.JI· 

• 
I 

Pree A�nta-------···---�---�--�---··----· �oaa

Atb'U'TIJ.•na1.4 Ammonta-------�- --�------- - - l)Q04

... OQ 

. i 

-

"J 

-
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wtiit.s a. ftu:>;11r, 
. 

� . 

-. Pu'b t 1. e An" Z. y s i .

Atbaav ,N.·r. Jan. 2411888. 

""' 

Stat11 ll•a.rd. of H•a.1, ta,New T� r'k:. 

Anaiv•t$ of p9tabLg wa.t11r 

(Part S. tn lliOOOO J. 

ll11ce tved. f.. rom !Jr. J. G.- o..-ton, Binghamton, N. Y. 
' . 

Sau re e - - - - - - - • - - - - -:- - - - - - - We i z. (f) f wa t 9 r wo rk s 

D a. t,, w?i �11) cl. ra.�. - - - - - -· - - - - Jan. 1 a
., 

r ,a•

--� - Ja.n.17,1888. ,, ·��tlld.------- -- - -

, 

S11J11t'l wn,qn h,�atea to I90 ° fl --�----:0·- ---- .. --Nt!lae 

ah.ior-tn� tn cn..iortag.s�---···".'·····---�---- -;: •' 

Pn,\,,sp}f,ortc acta ;n 1/hos;'h.ates�,;.;._· •.•• _ ----- lfea·11 
� 

N'l 'troggn tn n t t·-'t-a t•s a.all n i trtt•s- - _ .. _ - -- - - - • 64 ·

l're·e Amm.a�----------·-----· ---- -·- . ....... 0040 

A1.bU11lenot'1 A11f11,enta---- --�----� ••• ,,,......... oo�a 
{I• mtn. t• ao 0 r . .  · ..... - .... ••�4

oxvg•11 a.b•orbea 
. 4 A.eu N & I a t r .('. • • - • "' -- -• tUI a•

' . . . . tl>•f•r• _b• 1.1, tag 111°

Ha,r<J,ng�.s ·eq• tv. t• ea,.i, .. Ill •f i t111,_e - · ' 
· 

. •I ••r 2>• t i-t•• 4 ° 'I' 

2'eta.t ••1rt4.s 4rt.ga. a.t 
·r

'• 

0 . • . . 

8QO I' .. •• - - - ·•· '"! • - • • • • • · • 1 B;. ao

3}. 

-·

. I 

J. 
.! 



Jlierwaeep'leat. §X•.tti,&C'lo7!- r/l 4J_po•tt•· -···· •••�·

A J. baay N. r •• Jan. 14, iaaa ..

'\ 

Wti i ta Gt 1'uck-. r, 

Pub'J.tc Anat.y.st, 

A.,aa 'l,y & t.s ,,,. p•·ta bt e water. 

t Pa:rt a tn IOOOPO J 

R.gc9 tv11a '/rem Dr. J. (;._Orton, Btagn,a,m.t�n N. Y. 

8•ur.sg---Ari8•tan w�1,1,.s supptytng a part of e1.ty 

Date wh•n •�---··········--·�-- Jan. al IIBL 

,�•·t,,a--�------ ....... .. 

,.� . . . 
App.•a:r47L.ff t7; twtr foot tub�, •-t·tJ·ar,v•fll •ltgJJ.t gr•• 

-t sh t tt,i t.

6-etl WMn h<Jat�.a to ·10,o"I'.--�---···--·-­

,,�,� rtn tn cl.to rtag.s. - --- - -... - - - - .. · •• -· · 
� 

PJ,,e • pho ri o ae t <i. tn pb.o &p}),� i e·� ._ -: - · • • .•• -. - - - "." -

_Nftre11911 tn atirat�s antt n:t.trtt�.s:. •••••••• -

l'r•• -..n ta-. -• - - - .• - -• - - - •• , •• �-- �. :·
A i bum.a• t• A.amon. ta• • - .• - --- - - .. - • - ... - - ... -� - - -

., . 

0%.1,.1 •• •II• ,r.,.ba.

:�-� .at ao '1f

"'...> 

(r. r,,t� .. .... , .. �-----­

t 4 11,ea.,N· ai ,0 ° r •.••.•.• · 
. . 

Neag· 

• 44

N••• 

a. ••
0011 

eoaa 

.i 

-·

"" 

I 

I 
i 

. !



fte ch,_1.• rtng, n t t rog ni, tn n t tra t•• an4 n t t-rt tea• 

car.:a teeai seitas tn tn..ts watBr are iew. ,b.eap�aies 

•r• •b•e11i. rr�4 a1,bum.�aotd. ammDnta at •• t•w,

uihtZ.� thg a'TJll)unt of exygen absorb•ct.. weutd. rank tt 

, ,, a.ccoratng to Tta.11,as a wat�r •t· Jlr8at organt<: purti11 

Juaggd. from a ch�tca& a-eanct..-potnt aZ.n•, t71.ts 'l$ a 

-�
AaaZ.y$gs wN:_e az..so maae b11 Dr.�ftw"r4 s. WeDct.. abewi

th.� •a•• i t�.•, u,?J,o p roa..-c ea .� • tu& t e r tJ·§ rt/ f tn •• 

He u,n, t •, 'A• exce i z. •• i 1Ua ter._ Aimo.s t pr�c ts e1,y i�� 

aaa •uw .be th wat•r• (t. �. from th• w•'' an.cl from the 

#r'tt1BY:)_ar9 qap·§ctai iy gooa f• r ct.sea ,i-te •••.,.rar Je ,. 

• tqr in.an. .'lfJ.0$ t of our at i11, wcter•,a.na I 4• no·S aa.,•
P - ----- - - • � - 4 ----t.. ------- ..,. M) j ,·-=. .:___ 

- ••• anp a,eiaea• C4fl'br�tf,...nt..i��t� ... . 
( -. -: -. . -=- � ---_,............. -. ..  -- • 

\ 

·­
' 

. f. -

. l 

. ! 

, . 
·, 
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U•• of met•r•• 
. � 

Du."1"1.ng 'th.• ia.tt few 11•ar• • Iargq auaber t!J/ met•,...

n.•11• been ptiS '" e.s·pec·t.a.'Lti, in pt.a.oea •• N a .,...., 

4eaZ. •I 1Maa-? . t• going :_n • .A·1 th• !i.o.se Bf IB'J'a j·
Sh.•r• were entv tar•• in use Atat aew th.e number h.aa 

be�n tncrgQ,s,aa, te I Ia. T'li,ere l'l,as bggn cons iagra.b1.g 

4 t.s cvs .s io11.. among tho�• tn t g �.st t?d. tn W(J, te r works tn 

r•ga·r<J. tG the use o / 1ui.te rs. Th,e ad.ae ren!i • to th.et r 

water rates an:a of pr•v•nt 1.1ilg • 7,arge amo·unt of 

wast 9• In o ta.er wo r4.s, the c"ns1J(T!],e r. pays /or what h.e 

US i!S ana no more �ni:i the wa t er wo rks g• ts c r?at t 

�for what it ha.s don•· "'--
-..

the o t M r Jiran a, it t.s ct.atm•a ,1a.a t . t k• co, .s t e/

1net-?ra an.a the wc:,rk of t�k'tng read.1.nga t.s .no tr tt:on-
. 

. 

,_ 

•t<i/�abti? it.-m of •�pe-na, tn the c·ost of ma·tntna•21e•- 1 

� It tot a Z.so C 1,a tmga th.a 't th,� u�?; or·me t!!r$ h,tis a 

tea••�c11 to cJ,,eok th� fre• •.s• of watelf" /er·-o1.ttaa:
/"" 

ita•••(not oniy of per.sen but of n.e�e.s,•.·t1t'eet.s 14••)

aaa 7l.a.vtng sue� a tenti•noy ti tb.•reb1J tn4uces atci­

••.a.s tm<l aii· t'h.g otaer ttvit.s eon••tJ•••·'I 11n at·rt a,a4 

: .. 

1 / 

rti th. ._on. aa. •pin.ton waa 

·ol J .... .., 

t
--

exp·r••• ea. )g ••

--- �- -

... , .... ;,. 

----
. . 

' 
1.
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•fl SA• tires� A .. ••••t·tohe •,y•ea·-a,gatn-., t?a.e S6B

•I' m11 t q ra tn N ':!1l1 re r� Ct t11 • �· •.s e of mete rs p·ro b � --:\
abi11 :,,e4uee.s •a•t� ana Z.•ss•n.s th.g a.••t of matnt�: . . · .

aaaaee, but wt th, ·maa11 p••p1. q • t11.• t1• rt1 theug11.t th.at ·
. . . 

•t1�rJI a44tt t�ai gaZ.1.•n ••e4 a.44• t• i�tr bf.ti ace•·

, 

ff&.er• a" ma:n.11 tnatcattons· taat the worka at 
( 

BtngJ.amtoa a re . conau c iec.t in a ve 1'71 eff t c tfJn t as we Z.1. 

as eee>nomteci1. 11JIL1'ln�r.· It ts not tceabZ.e that· in th.e · · 

. . 
of 1f"a '£$ ('ll;fJ W&·t • r tn t1a rtou � p z..a,iea, .Bingham ton a z..

most f.a.tiarf.1&b1.v takes the c!!la a,•-.,,,,_•tt.mes h.avtng ·re-
. r-� . .

. � . . . - -
. <ffZc�<J �'M coat pet, �.iii9r 'I• en:.t11 a •mtiZ. Z. f r:4••

tt�n •f 't1J.e ce.•t ia man11 .j ·our�,J.•r.t• ett'lfJ�',. '.2'a. 
. ., 

-·

• rea t�• t �,-w.J>ack: to the •11.• tn · f..s _·tJJ,1:1 iarg e · ame•• •
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