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PREFACE TO THIRD EDITION. 

TIIE desirability of reprinting the ” History of the XIain 

Ihxinngc Works ” txcnmc mnnifest on account of the unatntcd 

dcmd for the book nmong engineers and scientific men both 
in this country xx1 :~lroad. The City Engineer, in his reqneF;t 

to the Cit,y Council for another edition of the hook, says : - 

lcTt~cre is :I constant dem:md for copies of this book, both 
from citizens and from others, the work lnving, in addition to 

its intorcst as a description of an important 1oc:ll imlnwaner~t, 
:I ~gc;lt wlue, to the cnpinpring profession and to municipli- 

tics cont,cmptnt~ing similnr iml~r0vements.” 
The only ch:uqx to Itie found in the new reprint are in the 

A~ppendices ; the finsncint statement being continued to the 

proscnt date, and additions being made in the list of o5cials 
:~nd committees of the Cit,y Council connected with the work. 

J. L. 3. 
Crru HALL, Boston, 188i. 

. 



PREFiCE TO SECOND EDITION. 

Tm second edition of this work m:~s o~lered by the City 
Council to meet the pressing calls for copies n~liich wwe cow 

tiondly being reccivcd. This dition is an cxxct reprint of the 

first, with the addit~ion, in Appcndis B, of n review of t,he action 
of t,he Cit,y Council in regard to the origin md progress of the 

work. The disconnected chwxter of the review will bc ac- 
counted for, when it is understood that t,hc Committee on 

Imtxovcd Sewcmgc, appointed each pxr, h:d tmcticat ty the 

entire cl~:wge of the work, nod exercised full csecutivc poxers ill 

rcpd to contract,s, gcnerd construction, :urd the cuiploymont. 
of Inhor ; while the City Council was mcroty cdtctl upan to act 

in regard to untters that roquircd tegisl:ltion, the sctttcnleut of 
claims, t,hc taking of lmds, :ud generd questions ilr regard to 

the nicthods of cxrrying 011 the wadi. The cstonsivc powers 

of the Comtnitteo wc~‘c set nsidc by the I:IW :memlin~ the City 
Ch:hx, Acts of 1885, Ch:q. Z&i, which went into cffcct Jmlo 

Zti, 1885. 
b.’ L. I-I. 

Cm,- IIALL, Buston, 1886. 



:E’REFACE TO FIRST EDITION. 







MAIN DRAINAGE WORKS. 



















Fi$. I Fig. 2 Fis.3 Fig.4 Fi$. 5 Fig.6 Fig.7 Fi$:8 

Fig. 9 
Fig. IO 

Fig. II FiQ. I2 Fi $.I3 

GOMkON TYPES 
OF 

Fi$. I4 

Fig 15 

Fig. 17 

Fi$,lB 
I 





22 

FOR i,hc ten yc:lrs lnwcding 1875 the nvcr:gc :unnu:tl dwth- 
de of 13ostrm ww :d~ont 25 ill 1,000. On April 14, 1870, the 
C~~nsull.i~~g Physiui:ms of t,hc city :~ldrcsscd t” the :n~thorit.ies a 
rc~no~rst~~wx us t:o llrc then existing s:n&ary coodit.i”u of the 
city, ill wllich t,hcy dccl:~~cd the ulpcnt ncccssity of :I I,cttcr 
system “f sewer:~~c, stxting thnt it would lx :* work of titne, of 
pwt cost, :md wquirinc 1.1~~ highest cnginccring skill. 

Of such great inlport:uxc w:w the matter cousidered by the 
Stxtc Lcgidl:lturo tint,, in 1.11~ spcci:d session of 1872, no act w:w 
l~nssed :Iuthorizing the nppointmcnt of :I commission, to bc paid 
Iby the City “f lioston, to inwstiptc ilnd report upon :L uomprc- 
henaivo 1~1x1 fur :L t~horough system “f dr;lin:igc for the metro- 
politm district. This w:~s not :mcl~tc’d by ISoston, on the 
gr”und tlmt the expense should be sh:wed 11y t,hc neighborilrg 
cities and towns, :lnd no conmission W:LS appoiutcd. 

In :L cl)lllmlullic:ltion to t.hc City Council (Dee. 28, 18i4). 
upm tho mxessity of improved scwc~.:~~e, the City 13oard “f 
Hc:lllh pointed out cle:~rly the evils of the csktiq system, and 
strongly urged that n wdical clung” should I)c tn:~lc. BI:1ixh 
1, 1875, :m ardor pssed the City Council nuthorizing the Rl:~yo~ 
to ilplwillt a conlnlission, “consiatin~ of two civil cnginews of 
cspericncc and “NC compctcnt lxraou skilled in the sul$ect of 
sulitary scicncc, to report upon the present scwer:gc “f tire 
city . and to present :L plan f”r outlets and main 
lines of sewers, for the future wauts of the city.” The hIsyor 
t~horcupon nppointod 3s mcn~bers of the conlmission Messrs. E. 













Spccinl Commitke on Improved Scwcr:~go. and in June, 18715, 
this crnnmil,tcc reported, sccommcuding the adoption of the 
system devised by the connnission, and tht snrvc~s :und cbti- 
rmatcs lx made for the work. :und :ho that the fc:uhility of an 
outlet at C:e+tlc Ishnd be considered. 

By an o&r :~pprovcd July 17, lSiF, the sun of $40,000 was 
alqxq~ri:~tcd for the prposc of nuking surveys 2nd of procur- 
inrr csthatcs for nn imlwovcd system of sewcr@2 for the City 
ofe130ston, on :I line from Trcmont Street to hloon Ishnd, and 
also on a line from said street to tlccp rvat,cr kt of C:~stle 
Islend. 

A few days lntcr the City Engineer, Mr. Joseph I’. Ihvis, 
nppointed the writer pGncip:d nssistxnt, in immediate chp 
of the survey nnd inwstiptions, which wcrc at once hegun. 
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into an intercepting sewer. Previously 20 pipes had been 
driven l~elow the sur&x of soil-welter ; some within a fcm feet 
of the sc~vcrs, others a few hundred feet away, and still others 
sever::l blocks distmt. The height of the soil-mater stondiug 
in each pipe W:LS me:~sured twice each day during the continu- 
mce of the pumping. 

Tho method of nuking these mensurcmcnts w:~s ingenious, 
and pcrhqs novel. The elevation of the top of each pipe was 
known, and the distance from the top to the surticc of writer 
was taken with a, steel tape. ‘To the bottom of the t:rpe was 
nttached n lead weight, with n needle fixed in its top so adjusted 
that the point of tho needle m:ts ,jnst opposite to the end of the 
tape. A srnnll hit of metallic potnssiuu~ W:IS put on the point 
of the nccdlo. The instmt this touched the w&r it ignited 
explosively, and the fLsh and sound could bo ensily distin- 
guishcd from :tl)ove. A sketch of the apparatus is shown by 
Fig. 7, Plate IV. 

It was found that the surfxe of the soil-water was nearly 
level over tho whole Da&-Bay district, :mxq$ng 7.7, feet 
nbove meau low nxter, and its height, while slightly all&ted 
by locnl contours of the surfxc, ws indcpeudent of the 6cwcrs 
in its vicinity. For instmco, the water in the vicinity of the 
Dartmouth-Street sewer W:LS at the smne level ns that IE:,P the 
Borkclcy-Street sewer, although the lnttor scwcr is two feet 
10\ver thnn the former. Also it was found that the soil-water 
rose :1x1 fell, responding quickly to my rain or melting of 
snow (the extreme rise due to four inches of surface-miter 
being one foot), md that.the variation was uearly uiGform over 
the entirc district. 

Fiwdly it :~pp~~rcd that the pumping, which continued 53 
days, at&cd bnt siigMy, and t,lmt only within 100 feet of the 
SBWW, the soil-wtor in the vicinity of Berkeley Street. At. 
the close of the cxperimcnt, t,he scnvx resuming its former 
conditions, the soil-water in its immediate vicinity rosa from 
:m inch t,o an inch and me-half, and thercnfter tluctunted in 
unison wit,h the mates in other localities. 

The experiment ,ws thought to show that, 110 dangerous low- 



wing of tho ground-water riced bc apprehcndcd ill conscqwx~c 
of the adoption of nn intcrccpting system. 

Tho fbllowing W:LS t,he gener:~l busis of pakxdxtio~~s for 
nnlollllts of sewrgc :tnd sizes of sewers. It \ws neccsanrg to 
assume some limit to the territory which should be tribut:lry 
to the intercepting syslcm. A n:ltur:d limit in this case seemed 
to be :rffordcd by the Ch:wlcs nnd Ncponset Rivers, which, with 
Motller B~ookcolrllecting them, include an :wx of xbout 58 squ:we 
milts. Of this nrcn about 46 squ:wc miles is high lend, 40 or 
“lore feet above low wat,a , :rud, :,s snggc&xl by the coul- 
missioners, dmin:ge from districts abovc G~r:tdc 40 could, if 
ncccesary, be intercepted by n “high-level ” intercepting seww 
and could flow hy gravitation to the rcawvoir at Moon Island. 
There remain 12 sqn:wc miles below Gr:~de 40 which must 
forever drain into the ” l”lTr-lore1 ” system. As, however, it will 
be long bcforc the hi~gh-lcvcl scwcr ia built, and ill the mcnn 
timo scwcrs from arcas above Grxdc 40 must connect with the 
l”~Qwcl system, for purposes of calculation, it was :~ssumcd 
that 20 quare lnilcs would be trilxltary to the l~rolx~~l sys- 
tem. 

The pr”spcct,ive popnlntion TWS cstimnted nt nn averqe of 
622 persons to each wrc, or 800,000 in all. This cstinl:ltc of 
G2$ pcrson~ to the :LCL’D WIS used in c:~lculntions nffcctirlg t,llc 
m:;in scmw ; but in proporl~ioning branch intercepting SB~CPS 
greater densities of population wcro xwumcd, to lxovide for 
possil,le movemerits of polxdntion. The a,mount of scwnge per 
individual was cstinutecl at 75 gnllonsF or 10 cubic feet., in each 
24 hours. The m:~simum flow of sewage per second wns csti- 
mated nt “nc and “lie-Mf timcs the avcrap flow due to 10 
cubic feet per clay. 

On this basis the m:lsimun~ flow of sewxc-I)P”IYX to be 
VA I 

800,oon x 10 

par second. 
This nnlount was nearly donblcd by adding to it 100 cubic 

feet per second 3s :L provision for rain-water. This mould rep- 
resent IL Mtlc less than one-fourth inch of r&fall in 24 hours, 
per acre of tribotary aro:1 ; but it w:~s intcndcd, in practice, to 
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lxelinrin:wy survey, md on August !J of the s:unc year orders 
of the City Council wcrc :qqxovcd, authorizing, ;and malrh~g nn 
qqrolxiation for, the construction of an improved system of 
semc~~gc, in gcncr:d acoordnncc wit.11 the proposed plan, under 
:wthority of the Act of Legisl;~ture. 

The City Council committed the charge of building tho Main 
Druinngc Works to a Joint Spccinl Conm~ktco on Improved 
Sewernge, consisting of three Aldcrnwn, and five mcnilu2rs of 
the Conunon Council. This committee chnngod it’s mcmhcr- 
ship ercry yew cxccpt when on0 or nloi.0 of its members were 
re&xtcd and wwc again appointed on it. By city ordinance 
all cngincoring works :~re built Ily the City Engineer. ‘The Main 
Dr:~in:~ge Works, thcrcfore, were constructed under the direc- 
tion of Mr. .loscph I?. D:wis, C.E., City Engineer, until his 
rosign:Ltion ill 1880, :wd sinw that d;rtc by IA successor in 
o&u, Mr. Henry $1. Wight,num, C.E.’ 
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It ws found that the l%inch Akron drain-pipe built under 
the scow, to fxilit:ttc dr:~inago of the tvcnch during construc- 
tion, was broken at this point, :md the vatcr from it, :uxwnu- 
Mod from 4,000 feet of twncb, .found :LI~ outlet, :md poured 
over the side w:dls into the invert. This wltcr nxs controlled 
by pumps, InIt was found to have wuhcd out n quantity of 
sand, wusing a considcrnblc cavity under the sever platform. 
The limits of the cavity bnving been determiucd, five holes, 
ten feet apart on centrcs, wcrc nxlde through tho bottom of lhe 
sewer, and a-inch wrought-iron gas-pipes wverc ‘iosc&d into 
them. Two of t,hcsc pipes were about 30 feet long, and three 
others, for vents, were five feet long. Collst:Llnt stlwlnls of 
grout, nl;ldc from 47 casks of neat, quick-setting Portlxnd 
cement, were fonxl nndcr :L 25-foot lnd, through t.he 1o11g 
pipcs into the cavity unt.il it was filled, ns prowd by the 
cement rising in the short pipcs. Tbc grout hnrdoned imd 
furnished n secure fonndnt,ion. , Specinl ribs were cut to tit the 
iwert, which m:~s ngain wchcd OVCP and tlrc trench rclillcd. 

Figs. 5 and 6, Plato VI., shorn methods of connecting unn- 
holes with tlw m:lill sewer. Thcso structures are :1bout. 400 
fwt :qxut, and nro plnced :Iltern:Ltcly on oue side of and over 
the cCNtrc of the SOIVCL‘. At m:m-bolos the arch is supported 
by cut,-gmnitc slw\~back st,ones. nt the top of the m:m-bolos 
:wo cut-iron frames supporting circular irou COYCPS. ‘I’ll0 
covers arc pcrlbrated for purposes of ventilntion. The holes 
iwc quite l:qc, so that they are not li:d~lc to lxcomc stoppod 
up. Tlq also taper considcmblg, being lqer below th:rn 
t.hcy arc on top. To provcnt rant1 detritus and miscollnneoos 
rubbish from f:dling into the s~mcrs, altch-pails :we suspended 
below the covcr~ to receive whatever mxy fall through the 
holes. ‘The pails arc of g:llv:mizcd iron, well coated with tar. 
They can bc lifted up, emptied, and replaced, as occasion 
dcnxmdr. Wrought-iron steps wow built into the r~~:~d~olcs 
during construction. These details are shawl on Plate VI., 
Figs. 7 :nnd 8. 

Above the point where the Sooth Boston intcrccpting sewers 
join the main ~;cwer tire latter is nine i&t in di:mletcr. For 
:Illout half R milt tllc ground is high, but, a location tbroush 
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it could not Ix avoided wit,hout making :I conridcmble dotour. 
For j ,900 feet, in Mount Vernon Street, the SCWCI was built hy . 
tunnelliug through con$omcr:lte rock and coarse sand. The 
rock, where it surrounded the t.uuncl, prcsentcd no serious ob- 
stack3 ; but the s:md tendccl to run int:o the esc:tv;~tioo, and rc- 
quired close sheeting and heavy lxnciug to. support it. Fig. 
9, Plate VI., shows the sewer in tumcl on this section. For 
scvernl hundred feet t,hc sc~\~cr gmlc w:,s .nwr the surf:wc of 
the Icdgc xnd, f.hc lnttcr being wry irrcgnlxr :UKI corcred with 
bonldcrs, tuunclliny opcmtions mere xt~tcrrded with much difli- 
culty, and se\wal cnres occurred. For a length of lG0 feet 
the ground was olmled from the top :md the scwc~’ ws built in 
an open trench :Llmut 45 iixt deep. 

The sewer in the tunnel was wall bnilt, hut aftor coniplction, 
on removing the pumps so that the rwter tnhlc in the vicinity 
w:~s permitted to rise above the sewer, the Ixttcr wim found to 
lmk a good dwl. The Icxks, hor\wcr, could lx successfully 
calkcd. The process consisted in r;&iug out :L ,joint, whcrc :L 
leak oacnrrcd, to the full depth of the brick and driving in 
sheet lcad for half t~he depth, the mn:tindcr being filled with 
cc111c11t. 

Excepting n section in I<:& Chcstcr Pmk, from Clxpp Street 
t,o M:tgnzine Stwct, tllc In:~iu scwcr was built 1,~ contract. The 
laying out as :L st.rcet of but (Xester Pnrk, cast of AIIxIII,~ 
Street, had hccn contc~npl:~tcd by the :rutlmrities for some time, 
and action to thnt end ws taken ill time t,o pwmit the scwcr 
being Iocatcd thcrc. The Iwings on this line showed that tlwre 
were beds of nlarsll mud lxtwen Cl:tpp :lod M:@ne Streets 
which were from 20 to 8ti feet deep below the ~n:wsh sarfxc. 
As it would hxre Imu di&xlt to build a stable RCWCI‘ in such 
ground; and impossible to prevent one, if built,, being dest.roycd 
vheu the street should lx fillccl over :uud around it, it W:M 
dccidcd to fill the street to full liws :~nd grades before nttcmpt- 
ing to build the scwr. 

A contract wxs xcoulingly conclwlcd by which the street 
was filled with gravel brou$~t by the X.Y. and N.E. Railroxd. 
So great WIS the set~tlcment of this filling into the mud t,hat 
OVCP 10G,000 cubic yurds of gravel wcI’e rcquirwl. The n1:wsh 







Street, n distxncc of I,,391 feet, the depth of trench req”ircd 
mould hnvo lwcn 2G feet. C:undc~l Street is rather ni~rrow, a~1 
contains sewer, gas, and wtcr pipes. As good clxy wts fouwl 
nt tl depth five or “lore feet :rl~ovc the top of the scwx, it mim 
thought thxt it \\wuld he :IS chonp to the city, and decidedly 
less nnnoying to residents on the street, to build the sewer by 
tonnelling bcncath the sn&x (Fig. 14). Working shrifts mere 
sunk nboot ,250 feet npnrt, and hwdings in e:uzh direction drire” 
from thonl. At one or two points the “liners pcwlitted the 
roof of the tonncl to scttlc slightly, by which the conmxm 
S~WCP nhovo W:LS cracked, :md solno tr”ub1e c:uscd by tllc 
sewxge le:rking into the tunnel. The mnin scwcr was lock- 
filled above the arch with clxy, pa&cd in under the lagging as 
firmly as possihlc. On the whole the method of constwct.ion 
ws successful, :111d n well-built sewer was obtnincd. Its cost 
was $22.52 per lincnl foot. 

At Tre”mnt Street, the Strmy-Brook intcrcopting somcr is 
taken ill. At this point, as nt all ol:hcr pl:wx rvhero intcrccpt- 
ing semws join the main SCWOI’, the grade of the latter rises 
nhruptly sonvwh:lt less thnli :L foot, or enonyh to tnnintain the 
cstnl~lisluxl iwliwtion on the s~wllxe of the sewago at the time 
of mnsinmm flow. From Trcnlont Street to the prcscnt end of 
the main scow, :it Huntingtorl i\rcnue, the scow was built in 
open cut (Fig. 15), and f& :L Iwgc p:rt of the distnxe needed 
side WIIIU :md piling for its support. Just west of the B. & P. 
ILR. mlothcr Imat-ch:unber :wd side entrnncc (Fig. 16) were 
built, and :L third side entmrrce, zvxched 1,~ :L stone stairway 
.lending from the sidewnlk, WIS constructed at Huntington 
Avenue. 

The total cost of the 3.2 milts of main SCWCI‘ w:\s $606,031, 
being an :wcr;~go of $3G.OY par lincal foot. 
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CHAPTER VI. 

As before stated, and :w shown by the plan (Plnte V.), the 
South Boston intercepting sewer is the first to ,joio the m:~in 
sewer in the lattw’s couw from the l~l~m])ing-st;ltiol1~~-st:~tio~~ town& 
the city proper. This intercepting SCIVW, by its two h~anchcs, 
is i.ntcndcd finnlly to encircle l,hc peninsul:l on which South 
Boston is situated, nnd iotcrcept the sewnge flowing in t,llc corn-- 
man semors, which have heretofore dischnr@ their contents at 
nineteen ontlcts, ill the immedintc vicinity of :I dense popul:~- 
tion. 

At t,he point of junction the grade of t,he intercepting SCWCP 
is 1.5 feet higher t.h:m thnt of the main sewer, so that the sow- 
age in the former shall not be dnmmcd hack, :~nd t.hc estaldishcd 
rat0 of iwlin:ttion shall lx mairklincd on the s~n~fi~cc of the scw- 
age in both sewers at the time of nxxuirnnm disch:lrge. In all 
cases ~vhcre a maiu drain:gc SCWCP joins nuother the junction 
is mode :It :L ” bell-ulout,ll ” connection chaml~nor, in w)kJl the 
axes of the swcrs meet ,l)y lines or cuws tnnplt to e:~h other, 
60 that the t,mo currents nx~y unite with the kxst disturlxmco to 
either. Sections of tho ” hell-mooth” junction of the two 
branches of t,he Sooth Boston sewer, at Hyde Street, are sho\rn 
by Fig. 14, l’lnte VII. On cncll intcrccpting scwcr, just before . 
it rcachcs the main scwcr, is built a penstodr cl~amber, cow 
tnining :I w&iron penstock gntc, by rnlkd~ the flow cnu he cut 
off, so thnt the maiu sewer C:N Ix entirely cmpticd, should it 
ever he desirable to do so. At such times the city sowge 
would 110 dischnrpcd at tho old ootlcts, mhich :LX all rot:Gncd 
and protected by tide-g:ltcs. A sketch of the pcnstock ou the 
South Boston saver is givcu by Fig. 6. 

Up to where it divides this SCIP~P is circul:tr, six feet in 
dimnetor. The nvcn~yc depth of cnxvntion W:M 20 foot. Clny 
or s:lnd wiks .uso:llly ti)ulld, :und tllC ScwcP consists of R simple 
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ring of I,rick-work, 12 in&s thick, though for :~lmot 350 fr:et, 
whore the s;wl vxs wet ;and inclined to wn, :rlmtmont wlls 
of lwhl,le m:lsonry I\-era “sod. Figs. I” :md 13 sho\r cross- 
sect;ions of this scow. The brick inrort wxs laid .with Port- 
lillld co”~ont IlloI.I::l~r, one I’:L’.t colllellt to two p:wt.i sxnd, Nld ale 
:~wh ws hlid widh Amoric:in (Rosclrdalc) cenlont nwrl:11.) 0”~ 
pmt wn1e11t t:o 1 .5 ]““‘t~s s:rna. ‘This ws 1;ho conwon lvxticc 
in Iwilding the “l:li” drairrxgc sewow, Portland cenicnt being 
used in the i”vwts, 0” xcount, of its gro:lt,or rcsistnncc to :111ra- 
skm. \Vholl Il~~sc~llnlo conwlt w\‘ils II~UI for Imildiq inverts, 
l;ho proportion rcqnirod 7~“s oqunl pwts of cement :md ~nnd. 

The incli”boti of t,his sowor tlwougho~~t the gro:ltor portion 
of its oxto”t is 1 in 2,000, which :~llinds :L velocit,y of flow 
sufliaient to lrcvcnt dbposit of slndgc, I,at riot snflicicnt to 
keel’ in suspnsio” s:~nd :IIN~ ~o:td dotrit”s. A sharper inclin:+ 
Con w”uld h:~vc l~xn dosir:~l~le had it IICCII prxtic;~l~lo to ob- 
t,iG” ““0. Few of the rn:Gtl dminngo screw have :I grentor 
itlclitlnt.ion t,h:m 1 in 2,000, :md it ws cspootcd front the first 
i.lrxt tl”slring wo~~ld occ:lsionnlly ]~a raq”ircd 10 ])rcvont the 
xc~umal:rtion of deposits. To lwovido for this, iv011 fluhilly- 
ptcs arc hoilt illto the sowers at int,owitls of “bout half a mile. 
The first flashillg-gate 0” l.ho South Boshm sowor is j& below 
tlw filrk~ at I-Iy(lc Street. A sketcll of this p:ttc is given by 
Fig. 15. Us”:lll,y the gate studs :d~ovo the sowo~‘, in the 
Inxn-hole. Jut is kept vertic:ll by two snull stop-l,olts :It ita top. 
To Hush the WIPCI the g:lto is lowcrcd :Iqinst its swt, built 
inl:o the lmttonl of the SOWOI , :und the scw:,go :lccum”l:ltcs lx:- 
hind it ns dcop :IY the gxto is high. The stops :wo the” with- 
dmrvn and the gale &sod ““til it clcus its lower scat; when it 
tilts over into :l Iiorizant:11 position nnd opens it frco pssnge 
for t,hc d:l”““od-II]> so\Klgc. 

The gre:~tcr put of South Boston is high land, :md there :wo 
Imt few low ccII:ws there which are sul)joct dnri”g r;lin-storms 
to ll~~oding :It hi$ t~ido. I” order th:lt the f”ll c:lp:lcity of the 
sowers and p”“~ps “Cght ho nv:lil:rl~~lo to relieve other parts of 
the city, ICES ~lvored ill this respect, it ww necessary to :w- 
burgh that no more than :L lixod rlw”tit,y of sowagc should 
over be rocoivod Ily the “Inin sewer fawn the So”th Boston 
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intercepting scwcr. ‘To :uxomplisb this a ” rcgnkltor ” w:~8 
built iota the intercepting scwcr just below its Ixst connection 
with n colmno~~ sewer, at Kemp Street. 

A sectional plan nod clcntion of this m:&inc, ;wd of the 
chnmber containing it, is give by Fig. 9, Plate VII. As will 
ho men, the :~lqx~~.~tus is wry simple, and consists of stop- 
planks, closit~~ the scwcr from its top down lo about the 
ordinary dry-wcnther flow line, the sewer Iwloa the planks 
being liocd \rit,h :L cast-iroll gate frame, or sext, corrcd to tit 
the invert, :u~l also vert~ically to correspond with the cww of 
motion of :I c:lst-iron vnlrc, which plays up nod down in front 
of it. The wlvc is bcld by two cast-iron lcvcrs, pivoted by n 
3-inch wrought-iron shaft in two Ivxrings, the otbcr ends of the 
lever hci~lg connected by w&xl irms to a 3-i& squaw 1x1~. 
To t,hc ends of this bnr arc ii~stcncd two boilor-pl:lte floats, 
placed in wells on cithcr side of the sewer. To nvoid dis- 
turbance to the mot,ion of the ilo:@ by x~wcs c:;uwcd b,y the 
wsh of scw:lgc 1u1der tulle WI\%, \r:lter 1s brought to the wells 
through 5 5-inch pipe, ns shown, from :L point 50 feet l~clom 
the regulator. 

The couocctioo between the v:rlvcs :rnd t,llc Ho:& can be 60 
adjusted that tha former will bagin to close wl.11c11 the surface of 
sewqz ill the sewer has rc:wl~~l any dcsircd height. As the 
ltonts rise the wlrc descends until the opclling below it is just 
sufficient to let cnou$~ scwigc pass to maintain the allowed 
depth of flow in the sewer. Should the :Imonnt of rain-mater 
from low districts, reuching the main scwcr through other 
intorccpt,in,n sc~~crs, exceed tho capacity of the pumps to con- 
trol it, t.hc mxin sower fills, :~nd its sew:~gc bricks up into the 
South Boston SOIVCL‘, and still further raises the lloets. The 
opetlitl,rr u&x tbc stop-l~l;mks is thus entirety closed, and nil 
of the common sewers nbovc discharge at t~hcir old outlets, nnd 
continue to do so until the immult of w:Lter rcwhing the pumps 
Cilll bc colltrollcd by tlK!lll. 

Abovc who ‘t.llis sewer divi~los, nt Hyde Street,, tllc Iwanch 
mhioh horns to the right, au~l skirts the southerly mxrgin of 
South Boston, is c,rrg-sbepcd, Ibur feet six illchcs high bp three 
feet wide (Pig. 11, Plntc VII.). After passing u~lcr the 
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Fawn the point of division on IIydc Stwct the scwcr which 
turns to t,llc Icft, :wl f”ll”lvs t~hc wcstcr1y SI1”L.C of SoLa Boston, 
is c,gs-shaped, live feet six inches 11y four feet nine in&s, up to 
t.ho Old Colony Railroad crossing, on Dorchester Arennc. A 
tirnhcr phrtfornl :uld tobhlc nusonry side walls were required for 
the cntirc distxncc, and the usual cross-s&ion of this scwc~’ is 
shown by Fig. 10, Plxtc VII. This section was built by con- 
tract. Its length is 3,350 feet ; the :~vcrxyc depth of esc:Lvati”n 
was about 24 feet, ud the :rvcr:~gc cost lxx line:il foot was 
51G.85. 
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The second Imge intcrcaptin, w scwer~whi~~h eutcrs the main 
sewer had its point of connection at tho intcrscct.ion of .East 
Chester Park and All,:~uy Street. It is c:dlcd the I&t Side 
intcrccpting scwcr, :ll~l is loc:itcd in streets followiwg the cnst- 
crly margin of the city l~rolxx for 3 disl.nncc of al)out 24 miles. 
In hll~~:rny St,rcct, frotu :I%st Chcstcr Puk l,o Dover Street, a 
dist~:uncc of 4,524 feet, t:ho scwcr is mxrly ciwnl:w, with n 
vcrt.ic:tl diameter of five feet tight inchcs, :wl :L horizontal one 
of live feet six inches. TI IC inclination is 1 in 2,000. The 
;~ver:<ge depth of csc;Lwl:ion for t,his section of work was 24 
feet, and, as marsh mud nnd lx:Lt cstendcd from nc:*r the sur- 
fxe of the. ~rou~l to :L depth nlways considelxl~ly helom the 
lwttow of the scwcr, piles wxc required to furnish n sccurc 
fooundntion. A tindw pl:ttfornl was futened to the tops of the 
piles, :wd on t.110 lllatform t,llc scwcr, with its rul~l)lc masonry 
:J)ntmcnt walls, was Iluilt.. The bottom of tho cscnvation was 
:tlmut (i.5 feet I~clow lho clovntion of low t,idc, :~nd considcr:$le 
txoublc was cspcricnccd from scn-water m:lking its w:~y into 
the trench, 0spoci:dly in l&2cs whcrc old scn-wlls nnd other 
such ohst.ructions wcrc ewountcrcd: The wud on the sides of 
bhc 1.rcncl1 cscrtcd nlucl1 I:ItcraI lxcssure , :uld .ulosc sheet-piling 
:uld 11c:ivy brwing wcrc ncccsswy. Opcuiu,rr 80 dwp n trench 
ill sucI1 nr:ltr:ri:d dr:tiucd the wtcr out of tllc :I<l,j:wnt soil, ren- 

‘dwilrg it spongy and sonwwh:lt comprcssihlc, so that the whole 
slrcot settled :md 11~1 to Ix resurfxcd and rcp:,,.cd. This sec- 
t.ion w:u built by cont;~wt. One firm of wnt,mctora qvc ul, the 
job, :und the work wxs w-let ~~n~llcrl)~~viniousof the contract. The 
:wxago cost per linc:xl foot of the con+ted SCIVCL’ w:ts $%.I& 

The first commons SCWCP 1:akcn in by the intcrccptcr is that 
on Concord Street. This SDWW dr:Gos u district in which the 
cellwa we not sul~.jcct to flooding froul’rain-w:ltcr during high 
tides. It was not ncccss;iry, thcrcforc, to let this sower dis- 
ch:qe into the intcrccptcr :xn :unouut of .sc\wgc in CSCC~S of 
its ordinary n1asiwuu dry-wc:~t:l~cr tlow, and tcn~po~:~~ily, during 
win-storms, tllc Whole dilute contents of t,hc scwcr could, &,I~- 
out injury, Ix pennittcd to dischwge iuto tllc I~,:ly :it the old 
outlet. An :wr:lllgctncnt to cfliict this wnd (losir;il,lo, I,ccause, 
during rcry hc:~vy wit+storms, tllc whole wlxwity of tho inter- 







- 
PLAN OF REGULATOR 

.Fi$.‘2 

SECTIONA ELEVATION 

BOSTON ,MAlN DRAINAGE, 

SEQTIONAL PLAN. FALMOUTH ST. SEWER; 





52 rd‘,lX I~II‘IIXARR WORKS. 

railroad and single freight-railw:ly t,r:wks, and boncath its SW- 
fkc were one sewer, two water-pips, :lnd two grs-]‘ipcs. 
Beds of dock II~UCI extended from 5 to 20 feet helow the bottom 
of the new sc\vcP, and old dock w:~lls and timber structures 
\rerc flqlently e11c0untcrcd. A location on the east side of 
the street WE fbtmd to I)c most ]nwtic:d~lc, and the scwcr ws 
built by methods \!k!ll left the r”:rdw:~y 0,X” for trueI. By 
flooring OI’OL’ tile ~.rench xt itrterwls, ]x~ss:~gcs were maiut:~incd 
tlllooyh the cswanting nxwlrine (shower 011 Pl:~lo XXV.) to the 
yards :md wh:uws bordering Fort Point Ch:~rn~cl. 

The freight-railvxy trnclts uwc shifted tonxrds the cuntre 
of the street, :rnd vwc Iwd during the day fur the pss:p of 
horse-aus iu “uc dire&m. Bricks, cement, :~nd other nxbxinl 
wwc piled “11 l;ho outer edges of I~0t.h sidcwllis whew they 
w~~uld ~:IIISC lwst inconrcuience, :u~il :dwoys so ns to Ic:wc a 
clear pss:qpw:~y four feet wide. Ende:wors WCLB nxlde to 
CIIIISI: the least possil)le :~unoyaucc to corporations :md individu- 
:LIs ; xud in g,rc~lcral thcsc clfhrts scolllcd to IE :I]l]xccintcd :md 
wciprocated by the pulllic, so th:lt c”mpl:~illts XT’OI’U I’:LL’~. 
This section of ~vorl~ was 5,159 feet long. ‘Ihc ;ivernge depth 
of csc:lvnti”u was :dioilL 21 feet, and the :~rcragc cost of c”u- 
])lctad 6cww wils $15.06 per line:d li,ot,. Tile Stoily-Brook in- 
tc:ux]~l~ing sewer joins tha maill scow at the intcrsccliou of 
C:m1dcn nnd :Ilrcln”nt stwcts. This sewer intcrccpts the sew- 
:~gc which forlncrly emptied at sewx~ outlets, int” Stony Brook, 
:uld 1hc11cc fowl<1 its w:~y into the Bxclc Bay. III Tremollt and 
C:d,ot Streets, from C:m~dcn to Ru,ngles Street (Plate V.), n 
dist:mcc of 2,135 feet, t.1~ SCIVCI‘ IV:LS built by contmct. The 
r;ll~c of inclination is 1 ill 700, and lhc nreragc depth of cscib 
wtiou rcquircd W:IY 21 feet.. ‘The scwcr is nwrrly circuk, 1’“~ 
feet six inches wide I)y f”ur feet tight inches high, and is ctlictly 
foul&d on’clay, so that side WIIIS were only needed for :ib”nt 
300 feet, :md t.hc :~rcr:~gc &st per lineal foot, including imp- 
ti”n, w:bs $11.!17. The c:l~stonxwy iron pcnstock gate IY:IS built 
into t,llc sewer just :&orc the hell-lll”llth connection oll;lnll,cr by 
which it joins the main. 

As t~he tcrrit.“ry dr:iimxl by the sewers which empty into 
St”lly l!arook is high Ixnd, it lwgc :lut”m:ttio regulating a]qxux- 
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f”“t. This section of work includes, bcsidcs t,he cust~omary 
nxun-holes, six comnmwscwcx connections, five snloll rcgul:lt”rs, . 
one side entmnce, one pcwstock, and three flushing-ptcs. The 
usual form of this scwcr is shower by Fig. 8, Plate VIII. It is 
egg-shaped, five feet six inches high by four feet nine inches mido. 
Itrill lx noticed that the usn:~l position given to nn egg-shxped 
sewer is reversed in this case, t,he Inrgcr end of the egg tinwing 
the invert. This psiti”n was adtoptcd becnuse, while uKording 
convenient head-room, it, kept the flow line as low down, :~s was 
pmcticnhle. As the flow in thiu 8ewcr is nlw;lys :L foot or 
more dq, the hydr:wlic mcnn dq’th, and consequently the 
Gclocity’of tlo~, is grcntcr thnu it would hnvo been had the 
sm:~ller end of t,hc sewer I:~cen l&w. 

A case of slight ill,jmy to this sewer may he wort,h noticing. 
When the sewer wvas I-milt “u the line of Falmouth Street that 
street had not yet been filled and gmdcd, :xnd the mod and lx& 
which nnderl:~y the nxwsll surface in that locality, somctimcs cx- 
tended down lxlow the top of the scwcr. Ahout n yew after- 
w:ds t.he street milE gr:tdcd with gwel about ScYcn feet high 
dove the original su&co of the marsh over the somcr. One 
side of t,he street vas filled before the other, and t,lvz uncqu:~l 
pvessare which rcsnltcd was trnnsmitM to the aeww, and 
wused its wch t,” l~llge, ns shown by Fig. 12. Fwtnn:~tely the 

> :Iln”unt of distortion N’il.3 not sufficicut to endanger the sewL.‘s 
stability, and the crack was pointed with PortLnd ,cement. 

In Ileveford Stxcet, for n, dist:wce “f 282 feet, t,he sewer lo- 
c:ltiou passed under n ficight-yard of the Boston & Alhrny 
Rxilrond, in which wcro nhont 20 lines of, track. Piles were 
driven and strinycrs plxcd to support those tracks, nnd neuly 
all “f tho scww Iuilding “pewtions were carried on Lenenth 
the surfxc of the glonnd. so that the t.raf6c of the milroxl was 
not intcrfcred with. At this point, and Ixyond the r:lilmad 
l”c:ltion f”r n total length of ahout 800 feet in Hereford Street, 
a wnnnon sewer W:LS built in tho s:unc trench, directly al,“vc 
the intewqting sewer. This was done by an nrrnngement with 
tha City Sewer Deprtnxnt, which desiylled and paid for the 
“,‘,‘“T sower. A cross-scct.i”n of the two sewers, showing their 
;uv:m,nement, is shown by Fi,g. 9. 
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In Bencon Street, for n distance of 590 feet in the vicinity of 
Exctcr Street, 22 did stout wills, from tire to trvelvc feet tl~~ck, 
were cncountcrcd and 11x1 to hc cut, thwugh. Thcsc wnlls con- 
stitutcd the sluice-way of the old mill-dxm, and their rcmov:d 
c:~us~d considcmlde delay. The c”st of cxcnvxtion per linwl 
fcot of trench, 20 feet deep in this street, varied from $3.04 tb 
$14.49. The section fwm C:rmdon to Charles Street ~1s 
built in 187% During a p”rtiw uf the season w”rk wts car- 
ricd on day :md night at two diff‘wcnt points. The Iwgcst 
numl~)or of man and boys employed at any one tinlo was 3ti!). 
The rate of progress wricd pxtly ; where no slw%l obstxlcs 
WCI’C met, 108 feet of con~pleted SCWCI’ WIS built each 24 
IlOll~S. 

On ~B~e:rcon Sheet t.hc I:qe c”mm”n sewers in Hereford, 
F:tirficld, Dartlilouth, ;urd Berkeley Streets :wo intercepted. 
.Tlle scwqe from each of thcso sewws psses to the intercept- 
iug scwx through it ch:m~l~~cr in which is a sm:dl :lutonlntio 
rcgnl:lting appuxtus, similxr to the one sllomn on PI:ite VIII., 
so acljusted as to cut oil’ the fom whonever the xwter in tho 
intercoping seuw exceeds au est:~l~li~l~od depth. The sowcL’s 
just mentioned WC too low to pass OWL the int~crccpting SCWCI‘, 
and :L aomewh:lt din‘erent uxthod of constrnction wits necessary 
in conncct,ing thcnl. The :wr:mgenrcnt at Berkeley Street is 
sl~ou~n lay Fig. 13, Plate VIII. 

A secondary intercepting sowor mns built in Brimmcr Street, 
ivhiuh collects :dl of the SOW:I,~C flowiq westwud from Bexon 
Ilill, and conveys it to the princilxll intcrccpting sowor in Bo:l- 
CON Street. For the sake of economy and sinq>licity the “Id 
ootlcts of the common scwc~‘s in Revcrc, Pinckncy, Mt. Vcr- 
non, Chestnut, and Bcnc~)n Streets WCL’C :tbsndoncd, snd the 
total ilow from those scwors, includiny win, is txlwr by the new 
Brimmcr-Street sewer , :L single storm overflow hcing provided 
at B:wk street. The const.rnction of t,lic Brimmcr-Street sys- 
ten1 involved tllo Iuilding of 1,456.5 foot of oval brick scwc-L‘S, 
varying from 2 X 3 fact to 3 X 4 feet ti inches in diamctcr; 
also the rebuilding of nhout 55G feet of c”n~mon sewers, which : 
NCL’C found to bc too low or otherwise defcctivc. The How 
from the Brimmcr-Street so~vor into t.hc intcrccpting sewer in 







Owing to the skill :rud cart ofthc superintendent and his subor- 
dinates, nnd to the uppli:wx3 used for hnndling the earth and 
other material, the sewer in this street m:u built withiu four 
months, without closing :my po&ion of the street to trawl, :wd 
with the minimam of incollvcnicnco to the puhliu. At strcct- 
crossings nnd cntrnnccs to rnilroad-yards wo14~ wits cnrricd on 
below timber platforms, or bridges, without encrouching upon 
the street surt&. In crossing the 13oston ;ul ?&ine Railroad 
tracks, the exwwting :qperatus, with its steun-engine, ws so 
+wtcd as to leaw I~ewl-room for the pnswye of tr:Gns. 
Plate IX. is from :I pllotogwph taken at this point. 

As :L precaution, mhcro the foundation secnled insecwc, the 
vcri;ic:d dinmctcr of the sower W:IS increased by six inches, so 
that, sl~ould slight uncqu:~l sottlcmontv occur, the invort may l~c 
lxouyht to its true gwde without leascniog tho desired size of 
t.hc sewer. For about 7F feet, to :woid interfering with the 
itrcct surfixb, t,ho intcrocpt,ing scwcr .was Imilt entirely within 
an alxmdoncd co~umon scwcr (Fig. 15, l’latc VIII.). At the 
uppw end of the intcrccpting scwc~‘, at Prince street, the grade 
of the iwcrt is about four feet :rlrove meiw low wter, which is 
the llighout olcwtion of any pwl.i011 of the Main Drainqo Sys- 
tcm. At this point :L direct colmcction with the hnrbor 1x1s 
hccn made, which is closed uodcr wdinery circumstnnccs by R 
three feet squnro pewtock gate. Uy opening this gnta at the 
time of high tide the sewor can lx thoroughly Hushed. 





CHAPTER VII. 

As More &ted, and as shown hy the plan (Plate V.), the 
M:lin Drainxgc Pqmping-Station is situ:dcd nt Old I-I:wb”r 
Point, on the se:wxlst in Dorchester, about n milt from any 
dwelling. 1” flowing by gravitation to this point the scwnge 
hns dcsccndcd, so that it is from 11 to 14 feet Bclom the clew- 
tion of low Me. To x:lch it,8 fin:rl destin:rtion it must flow 
about 2& milts further, to Moon Isl;md, and bc high enough, 
after arriving at the stor;lge rcscwoir on the isl:und;to lx lot 
out into the hnrhor :It t~hc time of high wtcr. Thxt it mny do 
this it must first he raised by :w nvcr;lgo lift of 35 feet. 

The essentid parts of the pumping-stdion are : :I, filth- 
hoist (so cnllcd), where the scwge p:lsscs throw@ SCL’CO~S to 
rcmovc solid matters which nGght clog the pumps ; pump- 
wells, into “no or more of which the sewgc cnu ho turnca ; 
pulnpill~-en~irIcs to raise the sowgo ; ian wginc-hon.90 to pro- 
tcct the engines ; il boiler-house. cont:lining boilers to furnish 
stcaln-l,oTxTer; n c”d-houso to st”rc :L sul,ply “f “d ; ilna :, 
ad :UI~ mh;lrf, W~NXC VW& hringiug CO:~ ~iin 1~ nllio:ldea. 
The pwition and :wr;mgctncnt of thcsc principnl; structurss ana 
:Ipp:““t”s ill? sh”\vn on 1’l;Lte x. 

The filth-hoist is :L solid n~sonry structure, estonding from 
the SU~X of the ground down to IWIOW th” mxin SOWW. Its 
inside dimensions arc 25 x 32 feet, awl its osteriorwnlls arc from 
4 to 5 feet thi&, founded upon two courses of lo-inch timber. 
In cxwvnting for Idding the filth-hoist, the gwxd, which 
consistd of wet SXK& W:IS held hy round wooden, ctlrhs. The 
t0td depth “f excavation ~59~ 35 fbt, :llla the .,iJer 12 feet 
were dug without lnxcing to natnral slopes. I3ol”w this three 
tiers of 4-inch shed plnnks, e:lch 10 feet lon,rr, WCTO drivenl and 
were 1mccd by circular #s. The three curlw mew 71.61 
and 57 feet in di;unoter, rcspcctircly, :d by this mctiloa of 



bracing nn unqbstructcd spxo. w:m secured for building the 
m:ls”“ry. 

As will I,c seen by rcfcrring to Plntes X. and XI., the nmin 
SOIFCL’ pxsscs through the wcstcrly foudttion w:rll of the filth- 
hoist. At this point the sower h:ls gxnite voussoi~s cut to 
form ii Ml-slqwl opening. ‘7 I! acing t.lrc sewer opening arc two 
gstc qxnings, protected by irou pcnstocli @es, 7 x 6.5 feet 
cnch, through one or Imth of whicll the scwngo tlorvs. TIICSG 
,o:Lt~~ :I~C c,,lllltclil:linncca :~nd are n10~ed hy hydudic pres’snre 
derived from a city mntcr-pipe. TIN lxwsu~o is sullicient to 
move them freely ; hut to start t,heln when down, with :I he:d of 
wter :Ig:~insl: them, n hydr:rulic force-pump is ddca, hy *~c:I~s 

of which tllc initi:ll pressure c:Ln lx incrca~ctl to any extent re- 
qnircd. Beyond the g:ltcs the structwc is divided longit~~din:dly 
by :L hGk lktit,iori w:dl into two parts, in e+ of which are 
cl~:~ml~crs cont;liniug two indcpendcnt cages, w scw2ns, one 
l,cfow the ol:hcr. The c:qcs xrc K!c:t:rngul:lr in shepc, 7 fed 8 
inches Iri$l, 7 feet 33 inches wide, :IIK~ 3 feet 4i’ inches deep. 
They WC shown itI d&il by Fig. 4, 011 l’l:dc, XIV. Their 
Ides, sides, and tops are formed uf +incll round iron rods, 
with l-inch sp:1ccs Iatwccn them. The axges :,re counk?rl,:1l- 
:UICC~, :d :II’C hca 31~1 10~0~~ by four sndl stcnm-cqincs. 
The stwm for thcsc cl+ws, as well 3s for Irwking purposes, 
is hrwght mrrlerground from the Iwiler-house. The super- 
structure of the filth-hoist is 30 x 37 feet outside dimensiolls, 
:md is hoilt of qwwy-fkxxj a vanitc dilllonsion-stones, lined 
inside with briclr. .A view of the outdo of this building, is 
shown :d the left side of PIxI:c XVII. Plate XII. is from n 
photogqh t:lken inside of the lilth-lloist when one pair of cqes 
wyiw r:lised. It gives x goneral idcn of the nrr:tngcmcnt of the 
hoisting macllinwy. 

After passing through tho cxges the scwrge is convcycd Iby 
one or both of two scwrs, nine feet in diamctel- ed~, to gallwies 
on eitlw &le of the cnginc-house sul&uctnre, from which 
gallerica it c:m Ix :dmittd throu$l gntc openings to one or 
more pump-wells, situated l~et~wecn the gdlcries. The hottom 
of the pump-wells is 19.5 feet I~2low low-tide lcvol nnd 36.5 
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feet below the cjurface of t,he ground. From the wells the sew- 
age is raised by the pumps to its required elevation. 

The complete design of the pnmpin~-ststiou, as indic:ltcd on 
Plate X., consists of BU engine-house, two boiler-houses, and I 
coal-house, so nrlanged :E to include a court-yard. The build- 
ings are to bc of dimensions snit;tblo for containing eight pump- 
ing-engines with their boilers and other appurten:~~~ces. Only 
the portions of these buildings show1 on the pl:m by full lines 
arc at lwesent constructed or needed. 

The foundation walls of the engine-house nggrcgatc about 
350 feet in length. They arc 37.5 feet in height and nine feet 
thick at the bottom, whcrc they rest on n t~imber phltform, 24 
inches thick, which nlso extends under the whole building, and 
furnishes :I foundation course for the piers which snpport the 
engines. To build the exterior w:dls trenches 16 feat wide 
were fmt excavated. A core of earth WBS !oft imside thcso 
trenches until the rn~dls had been erected, when it was removed 
to make plxc for the primp-wellsnnd engine foundations. The 
exterior retaining and foundution w:~lls ‘were built of granite, 

-,and, although called rubble mnsonry, yet, owing to the sizes 
and shapes of stones used and the care taken in sclccting and 
laying them, the work more newly resembles a fair qunlity of 
roughly coursed block-stone work. 

Tho punpwells and engine fonod:ltions arc built chiefly of 
brick, but contnin in addition nbout 300 dressed granite stones. 
These stones are used for copings, as bearings for holding-down 
bolts, for lining gate and ‘other openings, etc., etc. There xre 
nine iron gates, with suitable at~tilchm~nts and shafting, operated 
by two small steam-engines. Eight of these @es, 4 feet 94 
iuches by (i feet 3+ inches each, control the flow of sewage from 
the side galleries into the four~~~~mp-~\~ells. Another gate, 4 x 
4 feet squaw, controls the admission of salt water from the snlt- 
water conduit. 

This In&-mentioned structarc , as shown by the plan (IWe 
X.), is a solid masonry conduit, with its bottom six feet hclow 
t,he elcv;ltion of low tide, and connects tide-wtcr ut the do& 
with one of the engine-house galleries. It,s office is to conduct 
salt water to the engine-house for USC in the condcnscrs, :und 
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,:dso to furnish nn additional supply of writer to the pumps for 
flushing “L’ other pu’],““cY, whenever the amonnt of sewge 1% 
ccived from the main sower kinsu5ciont for such puq’oses. 

As has been stated, the sowngc is eluwted to heights (do- 
pending at any tiuc upon the depth of scmnge in the reservoir) 
which xrer:ryc :ibout 35 feet. 

As the city sewers receive r:Gn-w&x, and as it is de&xl to 
t&c as much of this as pos~ihlc, ospcci:dly from certain districts, 
it follows that during short periods of time, when it. rains, vary 
much ,nrc:Ltcr pumping cnpncit~y is needed than is usually su5- 
cicnt. Thcrc most,. therefore, be n pun~1~, or puo~ps, to run 
continoon~l,y, and others to run only when it rains or thaws. 

The chief itcm of expense in pumping is tho cost of fuel. 
For the sake of economy the pllnlpio~:-eo~iines for continuous 
service must do their work with ns lktle consumption of fuel as 
possihlo, and t,o nccomplkh this an oxpensive machine can 11e 
nffordcd. For the engines which run only ocwsionnlly cheaper 
machines are more oconomic;d, the saving in interest on the first 
cost more than compciknting for the cxtw fuel consumed hy 
them. Tho pumping plant of t,hc Boston Main Drainage Works 
includes two oxpensive high-duty cngincs nnd two &caper lower- 
duty engines. 

The high-duty cnpincs were designed by Mr. E. 1). Leavitt, 
Jr., on gcnernl speoiti::rtions prelxwcd by the City’ Engineer, 
Mr. Ihvis. They were built by the Quint:trd Inm Works, of 
New York, and cost about $115,000 ewh. A plnn and clovation 
of one of thcu is given on l%to XIII. 

As will bc seen, it is n compound beam nnd fy-wheel cn$ne, 
working two single-acting plunger-pumps. The steam cplin- 
ders :trc vcrticnl and inverted, their axes coinciding with those 
of the pumps below them, the pistoos of the ongincs and 
plungers of tho puups beings connected in the same lint with 
t110 ends of the lEMn. 

In dcaigoing these engines particular nttcntion was giveo to. 
the following con?ilions : - 

F&t. The, distribution of the weight of the engine so as 
not to prodnuo concentrnted pressure on :uny put of t,hc f&n- 
dations. 
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Secmd. Great strength in tho dctnils and comhinatiol;s df 
the prts, to~rcnder the lklhility of Ircnkngc 2 n~inimum. 

TIlird. A proport;ion of tha wc:uing surfivxs such as will 
nllow of :an uninterrupted running for cstendcd periods, with 
the least wwl’. 

Fourth. I&y wxcssillility of all the puts for cxamimkion, 
rcpira, and renew:1ls. 

F;flh. An :td:lptstion of the pumps nnd their r:tlvoa to the 
peculi:~r duty requiwd of them, i.e., to :1llow the ‘p”s”:‘gc of 
qs, slicks, :lnd such other small Iwlies as will not be det:rined 
by tho fill;h-hoist ; :IIKI. in xldition, ii construotion which will 
admit of the easy rcnwv:ll of an cntiro pump or any of its 
puts, without disturbing any important lout of nn engine. 

Sisll~. A high degree of cconmny in the consumption of 
co:d 

Tho following arc :I few of tho Icxling dimensions : - 
Di:lnxtcr of high-pressure cylinder, 25: inches. 
Dkuuetcr of low-~wcs.su~c cylinder, 52 inches. 
Di;lnwlcr of plnngcr, 48 inches. 
strok!, 0 feet. 
Distance between ccntrcs of cylinders, 15 feet 2 inchcs. 
Radius of bcnm to end ccnt~res, 8 feet 3 inches. 
R:~dius of crnnk, 4 feet. 
Dixmctcr of fly-wheel, ;36 feet. 
Weight of tly-wheel, 36 tons. 
Nomin;ll cnpcity, 25,000,OOO gallons :L day. 
Speed for capcit,y, 11 strokes per minute. 
Steam :at R pessorc of :rllont 100 pounds is ndmittcd from 

the supply-pipe, A (SW Pl:Lte XH.), through 1:ho side-pip, 13, 
to the stcnm-chests of the high-pressure cylklcr, C. The dis- 
trilmtion of stcnnl is clt’cctcd hy gridiron slide-valves, having a 
short, horizontal nmrcmcnt imparted hy revolving cams, D, 
fired on :I horizontnl shaft, E, running along the bases of the 
cylinders, and driven I,y the clsnli-shaft throngh suit;Mc gwr- 
ing, 17. The steam is cut off by the further rwolution of the 
cun. The cut-off is :I~l,justahlc, :md controlled by tile go”- 
WLIOP, G. 

After oxpndiny to the ad of the stroke the steam pnssos 



thrmgh t,hc cxh:~“st stemn-chests to rchwt,crs, H. Thcsc me 
cwt-iron boscs, ciwh containing ahout 750 @xlr br:lss tub, 
two feet nine inches long. These tolxs me filled with high- 
pl’cssrwe stc:l”l, and in circulating al~oot them the working 
stc:lm is tholo~~ghly dried. 

From t,he rehc:&rs the stc:m~ is adn~itted to the low-prossure 
cylinder, I, where furtller cslxwsion t;llics pl:~c. Thence it 
pnsscs to the condenser, J, wlwre it is condensed by salt woatcr 
from a row jet. Ii is the &pump, :md L the outbard 
dclivcry-pipe. 

The pumps, 121, arc hung to henvy girders supporting t.hc 
engines by cast-iron hangers, K. A part or the \rhole of the 
weight of the pun~ps can nls” bc supported hy the wheels, 0, 
rcstiug on very str”llg a&-irim bxms, I?, built inl.” the In:,- 
sonry on eitl~er side of t.llc lmmp-wdlls. By disconnecting 
their h:ungers, the pumps, supported entirely by thcsc mlu33ls, 
cnn be run h:vk on the l~c;~ns (wl~ich then servo IIS tracks), 

,/ :md can be hoisted out of the puml)-wells without intcrforing 
with the fixed p:l?ts of the cnginc. 

At Q arc side g:&xics, through either of which the sewage 
rcwlw the gatcwlys, It, Icading into the lmn1p-w2lls. In front 
“f thcsc gatcw:rys arc iron gates, not shown 011 the plate, which 
ildmit or esoluda the sewlgc. S S arc the plungers. UU nrc 
nr:wholes. T is the f”orcc-m:lin. TIE dischnrgc from one 
pump passes th~“u$~ the ~lclisc~y-clialnl,cr of the “l.her. 

The interior cwxtructiou of the puwl> is shovn by 33,. I 
0~1 Pl:lte XIV., which is :l vcrtkll scct.ion through I.hc pump 
under the high-lwcssure cylinder. The plunger is rcprescnted 
as :just completing its down stroke. The socticnwxlvcs (of 
wh~cl~ there we 36 to each pu~np) nre cioscd, and the deliwry-~ 
v:~lves (2i in ~luml~~cr) :LL’C wide open, to pwmit the disuharge~ 
“f the scwgc displnccd by the plunger. In the “tllcr pump, 
at the saw2 momcut, the ,~plungcr would ho completing its up- 
xwl stroke, and the action of the va1\w \ronld be rercrscd. 

The mlves are of s”n~cwh:~t novel construction, and are 
show” Iby n section of n p”rti”n of “ne (If the vnlvc-plates, and 
the wl~~lc of one v:dvo (Pl:~tc XIV., Fig. 2). As Jvill IIC seen, 
they :we simply robber H:lps, :-inch t,hick, with wrought-rrron 
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The chimney 11:~s a circulnr fue, 66 inches internal dinmcter 
and 140 feet hi& 

Among the minor wgines and p”mps :qpxtaini”g to the 
pnmping-stxtion BT~ foor engines for ruising ;i”d lowering the 
filth-qcs; two cngincs for “loving the getcs in the engine- 
house gallcrios ; two lwir of double-:lcting steam-pumps for 
feeding the boilers ; two doohlc-acting steanqmnqx for supply- 
ing salt witer to the condensws; ““0 large stc:“rl-lx”np for 
emptying the pomp-wells and g:r:lllerics in t,lic cngino-hoose. 

The buildings :rre !v:w”xd by a system of ste;um-pipes and 
radiators, :md iwc lighted 11) r gas “lade on the prwniscs from 
psolinc. 

The co:&house is 129 x 59.5 feet in internal dimensions. 
It contains six co:&bins, or pock&, witch a combined c:pcity of 
ahoot 2,500 tolls of co:ll. Thew bins :IW 23 f&t high, and :\w 
bnilt with solid ~~:~lls brined of 2 x S i”ch slwuco lumhw, 
phmcd to :I” eve” thickness, and spiked flatwsc on cxch other, 
-a method of construction simil:u to that used in lmilding pin 
elcv:ltors. The conl-hortec floor is nude of Fortlnud cen~c”t 
concrete. Iron cus :m used for bringing co:11 fro”> the bins~ 
to the boilers, ilnd soit:ll)lc tracks, t,nrn-tables, and scales are 
provided. 

To furnish nwcss to the pllnlpin,n-st:ltion for colliers a”& 
ol;hcr ~esscls, n ch:~nncl one-half of B mile long wns dredged out 
to tho ship-ch:~nt~cl in Dorchcstcr 13:1y ; 380 feet of dock-m:llb 
:“rd :, vh:lrf 250 feet lo”g \rerc cbnstlucted. To fwilitate the 
unlrxlding of coal :L coal-run, supported o” a txstle 27 fixt high, 
c01111c& the wh:lrf wit,11 the co:&ho”sc, and cstends over t,he 
tops of the bins within the house. 

Above their fb”ndntio”s alI Imildings at the p”“q~ing-station 
wcrc desipd and built by the City Architect’s Dqxwtn~ent. 
A front view of the main buillling is give” by 1’I:lt.c XVI. 
(tiotltispiccc), :LII~ n side view IBY Plate XVII. This building 
cost nhout $300,000. 







of riprap, lF,OOO yards of ballast, 120,000 ywds of gravel, 
600 yards of dimension stone, and 150 piles. The pier was 
huilt by contract, and its total cost, exclnding thnt of the: sewer, 
m:ts $142,OG4.97. 

The ycncrnl ch:wacter of the deposit sewers is shown hy 
Fis. 7: As will Ix seen. they consist of :L monolithic struct 
ure of concrete, fbuning two conduits, c:Lch 1G feet high and 8 
feet wide. This height is ncccss:w y to accomwodnte tlm daily 
wristions in t,he elcvntions of the wrface of the scwnge hue to till- 
ing and wnptying of the rcscrvoir :nt Moon 1sl:uxl. The ~emers 
arc dnmmcd at their loner ends to maintain :L depth of from 8 
to 10 feet, in order thut the velocity of Horn through them m;ty bo 
very slog&h, so that any suspondcd nutters nxly be doposited 
hwe bcforc reaching the t.nnncl. They are’provided with @es 
and grooves for stop-planks, so that the sewugc can Ire turned 
through either or both sewws, and eitllcr can hc cntircly emp- 
tied if necessary. 

The wllole structure cont:lihs about 10 cubic yards of con- 
crete to the linc:d foot, or over 12,000 y:wds in all. The 
hottom portion up to the straight w:~lls is fbrn~cd of Roscndnle 
cemnt, sand, :md st.one, in the proportion of each, respect: 
ivcly, of 1, 2, and 5. Above this clcration, for the outer side 
walls, t,hc s:unc proportion is maintxiucd ; hut the cement used 
W:LE a mixture of 1 part Portland :und 2 parts Iloscndnle. 
For the concrete forming the ccntrc wall and top arches only 
Portland cement miu used. The hcst liosend:de and wry fine 
ground Portland cement were procured for the work. The 
sand WLS screened on the spot front the gmacl forming the pier, 
and n portion of .thc stone was obt:Cned in :I lilw m:~nncr. A 
st.ill Iq-cr proportion of the stone u:une from the tunnel oxw- 
vation, being 1mmght in lighters from the middle shaft and 
p:wed Lhrough :, ‘stone-clusher. Milchinc concrete mixers 
were used, into which the ccmcnt, sand, and stones, in propor 
proportions, were continuously slmvcllcd. 

The concrete was r:mm~~l thoroo~hly in G-inch CC,UI‘E;CS. 
Long sticks of titnbcr were cmbeddcd in ench l;~yer of concrete 
while it was hcing rammed into pl;~~:, and WCPC removed after 
it hnd set, and hcfbrc the nest layer was :~lded. The spnces 
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ocmpicd by t,hc sticks foormcd gloovcs, iuto which t,hc succeeding 
lnyers hnded. In cntt.ing through one side of this st,ructure six 
months after its conq~lctinn the ~rhole mass wvas found to’ he 
pcrfcdy honropnm~s, and lines of dem:w:ltion hotwcon tho 
diffcrcnt 111yc1.s could not ho d&&d. 

The bottoms of the ~;c~vcrs are lined with cme lxyer of hnrd- 
lnmd bricks to resist w&on whwr the ~,ewcrs arc clcnncd. 
The sides we pl:&xed with :I +-inch cant of l)ortl:uld cctnent 
mortar. The :wcl~s nre of long radius and but 13 iuohcs thick. 
As tbcy were to he loaded :rt once, they wcrc tied, RS sl~own, by 
li-inch wrought,-iron rods, spwxl tivc feet apwt,. Brick man- 
holes WCL’O built at interv:dS of 300 feet. 

Conllxuxtivcly heavy nulttors, such as pvcl and snnd, settle 
almost at onto at the west end of the deposit so~vc~‘. Lighter 
nuttws trawl il little fil&x ; lmt only n wry li,oht sclui-Huid 
precipitutc is ever found at the castcrly ends of Lhc sewrs, nwr 
Ihe sh:1ft. 

The hcst way to clwn out this dc’posit W:M long c~~nsidcred, 
rmd the following l&w ws finnlly :tdoptcd : A large \vooden 
tank ws built nc:w the end of tl1.e pior, just outside of its 
southerly slope, :d)oot 120 feet diatult from the scwcrs (Fip. 
3, 5, iind 0, Pl:lte XIX.) It is supported on piles, its fluor 
being three feet :rboue high water :u~l one foot lovcr.th:w tho bot- 
tcnns of the SC\\‘CI’S. One end of this t:mk is co~~ncctcd with t,he 
doposit scows Ipy two (i-inch iron pips, the other and is con- 
nected with the ch:lmber :Ibout the tunnel-shxft by il 1%inch 
pipe. IIy means of stock-pl:rnks the sorfux. of water is nvadc to 
&and nlwlt throc feet l~ighcr in tho deposit SUITS th:m it does 
in thb &aft-ch:unhcr. Circnlxtion is thus cstablishcd from the 
deposit sqwers throug!l the G-inch pipes into the t:ulk, :md 
thence through the E-inch pipe to the shaft, nnd a p:rt of the 
scw:gc goes to the tonncl through this by-1i:rss. 

The (i-inch pip leave the deposit SCWCI’S near their bot- 
toms, :md the sew~gc ivhich alters the pip de~ws sludge along 
with it and again deposits it in the still mittcr of the tank. The 
tank is IO feet wide, 15 fi:ct high, and 50 feet long, :und mill 
hold about 150 y:uds of sludge. It has 011 its se:~m;ud side 
three #c-openings, tcruinat,ing in cast-iron nozzles, 12 inches 
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in diameter. When the t;lnli is full of sludge a scow is Lid 
slongside it, and the nozzles MO connected with the interior of 
the scow by mczms of canvas tnbcs. The g&s are then opened, 
and the sludge flows from the t;mk into the scow. 

Tn ordw to draw down to the G-inch pipes the sladyo which 
has hccn deposited at the upper ends of the deposit scmers 
scrnpers we ascd. These consists of floating rafts (Figs. 7 and 
8, Plate XIX.), mndc of 1%inch hollow iron tnbcs, to the bot- 
toms of which WC hong Ironden aprons, n little less wide than 
the semera. The :rprons arc wci@xl so that t.beir lower edbes, 
which arc provided with broad iron teeth, 8ink somewhat into 
the sludge. The currant in tho sewers cur&s the whole 
npp:ustus down stream, and the sludge is scm~ped and flushed 
hefore it. 

The deposit scwc~‘s connect with the tunnel shaft at II. mnsonry 
chnmber built :dmut the latter (Figs. 1 ;Lnd 2; Plnte XIX.). 
At the cuds of the sewers WC plxed gntcs 7 x 8 feet in size. 
Thcsc gates mnintnin n depth of cigbt or more feet in the sewers. 
They are ‘so almngcd that oo tripping :L latch they can swing 
open and empty suddenly the liquid contents of the JCIWI’S into 
tho tunnel, producing tempowrily a. strong flushing velocity. 
Immediately xbout the shaft is a wrought-iron cuge, to pvwent 
any bulky object which may full into the sewers from reaching 
the tunnel. 

The shaft chamber is encircled by two Gh-feet “waste severs,” 
into which the deposit stowers can ove:rflom sbovc waste weirs, 
or wit,11 which they can directly connect instead of discharging 
into the tunnel. The waste scwcrs u&o just cast of the shaft- 
chnmlw and pass to nn outlet built through the sea-wall at the 
cud of the pier. Should the tunnel cvcr bc cmpticd for inspcc- 
tion scw:~,nc can temporarily be pumped into Dorchester Bay 
through this outlet. Above the shaft chamber is a brick gute- 
house of ornumcntnl design, built by the City Architect. 

The second s&ion of outfall suwer comlprises the tunnel 
under Dorchester Bay. Exploratory borings mado on the 
tunnel line during the preliminary surrey showed that the sur- 
i&e of bed IYJ& mns but little below tho hottom of the harbor, 
from Squantum to about the middle of t,he bay. From that 
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point wcstwardl,y towards Old IIarbar Point the rock dipped 
rapidly, so t,h;rt under the l~u~~ll~ill~-st:ltion its surfwe iu 214 
feat belo\v the aurfiux of tho =round. The swfwx of the rock 
is somewhat shaken, :lhd ilnmcdiately above it is :L water-bearing 
stratum of sand, qwel, and boulders. Above thi?s, chly extends 
nearly to the harbor bottom, which is composed of a bed of mud 
of vnryiog thickness. 

The clay is of uniforln chwncter, and contains occasionnl 
veins and pockets of sand. Using reiwmahle pwxutions :t 
t&cl could, be’snfely :md expeditiously. built io it. The pcr- 
vious stratum over the rock and the demoralized upper portion 
of the rock its&If mere not at all favornblc for tnnnalling opwa- 
Cons, and could, only have been penetrated with extreme pre- 
crlution and n considcmblc chance of failure. The rock itself 
wxs well ndnpted for tunnelling. It consists of n succession of 
&y-slates :md conglomerntos, :md belongs to the series knomu 
RY the IZoxbury If pudding-st,onc ” beds. 

When the trough in which these beds lie was formed they 
wwe subjected to great pressures, which crunq~led and tilted 
them, and produced nuiny fiiults, fissures, and joint planes. 

The fissures wxe tilled solidly from bclorv, and few shrinkqe 
swms WCI’O found suflicicntly open for the passago of wter 
from above. The existcnco of the jaint phones, especinlly in 
tbc clay-slates, greatly facilitnted the brwking and removal of 
the YOCk. 

As at first designed the tunnel was to start from a shsft 100 
feet deep at Old I-Iu~+or l’oiut and be built in the cht,y for ahout 
2,100 feet, when it would e$er the rock and continue in it to 
its end, at Sqwntum. Further consideultion of the diffictllty 
nod possible dxnger of passing g,‘radu:llly from soft ground into 
rock, and of tunnelliny tiw sever:d hundred feet wholly or 
p:\rtly thwq$ very wet and loos& m:tteri:ll, led to locating the 
west shxft at such B distunce from the shore that rock could be 
reached at a prscticublc depth and the tunnel could be safely 
built wholly within it. 

The average elcwtiou of the tunnel is 142 feet below low 
water (Plnic XX., Fig. 1). The tot:11 length through which 
the sew:qc ilows is 7,160 feet. Of this distance 149 feet is in 
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the west shaft, 6,088 feet is no:wl,y horkmntal between the west 
and eat sh:~fts, md 023 feet is in the inclined portion leudiny 
from the bot,!om of the east shxft to the end of the tunnel, on 
Squ”“tum Xeck. 

To f:wi!itate constlnction there were three working shafts 
about 3,000 feet apart. 

The tunnel WIIS built under :L contract which W:IS drawn with 
p-at GLIB. The contractor was first to build, in :wcordnncc 
with pl:~nr fwnishcd, three timber bulk!m:tds, or piers, to pro- 
tect the shafts. Inside of these I~ulkhc:~ds he was to sink iron 
cylinders, constituting tire upper portions of the &fts. Tlrcse 
cylinders were p:~id for by the linc:d foot, and the contractor 
was !wmitted :md required to build :IJ much of tllo shafts :M 
po@blc in this m:~y, loading and forcing: the iron to the grrent.cst 
attainable depth. Below the cylinders the shafts could be es- 
cnwted of any desired size :UKI shape. The tunnel, also, could 
he eac:lwted of nny size, provided that both it :md the shrifts 
were tinally lined wit.h n i’h feet diameter circuhz shall of trick 
work, 12 inches thick, backed with h&k or concrcto masonry 
to the &les of tha ex:av;rlion. ISricks and cenlent WCI’D to be 
pwch:rscd from the city at stipnlnted prices. The completed 
tunnel W:LS to bc paid for at the proposed pr~c per lineal 
foot. 

Grcxt stress w:u Inid upon the precautions to bc adopted to 
provcnt delay :md d:tma~c :rrisin,rr from an inHns of water intq 
tbc slxlfts. Appli:wccs to control any such intlux WCR to hc 
kept in rc:ldioess, and, slmnld these puwe insufficient, the 
plenum’ !,ro”‘s”, or use of com!xcssed air within the shafts, 
,ws to be resorted to. 

T!IO work wi,s let Oct. 29, 1879, nnd the contractor at once 
procccdcd wit,h the building of the bulkheads. These mere 
alike, and consisted (Fig. 2, Plate XX.) of wooden boscs 20 
feet squ:we inside, formed of I:~r,rre o:~k piles, driven two feet 
oo ccntrcs, cnppcd and braced with Iwd-pine sticks, and tied 
din~onxlly at the darners with Z-inch iron bolts. The boxes 
were lined inside with 4.inch tongrued nnd ~roovet! sheet..piling, 
and the spaces bctwcen the sheet plnnks nnd cylinders WI’C 
filled with pu~ldlod &y. The t:ops of tllc I~ulkl~c:uls wei-e tight 
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f&t :~bove niwn higIl water, :lnd the c”ntrwt price for them 
wiis :Ilwltt $2,500 :Ipicw. 

I~!;,ving completed t.!x bul!~hc;& the c~!iiAxs wxc sunk 
inside of I,hcnl. E:IC!I qlindcr (l’lstc XX., Fig. 3) consisted 
of ii circul;~r shell of cast-iron, 9.5 feet ineidc di;uwAcr, wit!1 12 
ilwl,cs thickness 0 f tuct;~l. Thci wcro cut ill sections, five 
feet long, ;UKI united I,y l+-inch I)olts passing througll inside 
A;qws. T!IC :dut,ting ends of the sections were fwed, and the 
bolt-holes, of which thcrc were 30 in exh flange, WCL‘C drilled 
to :L templcl., so that Ill0 sections uwc illt~~~ll:Ii~~(:~~I)lc. The 
bottom section of each cylinder had its lower 10 inches chxn- 
fwed “If t” il cut&g edge. The contract price f”r furnishing 
the cylindws, which wcighcd :L ton to tho foot, was $88 per 
lima1 foot. 

At the exst: md middle sh:lfts the cylindws wcrc cuily 
forced down to the rock, at depths IElO\\~ the surf:Kx of the 
gro~~nd of 21 :11x1 38 feet respect,ively. It MS known lj!l:rt, it 
w~~dd ho in~p”ssiblc t” drive the cylinder nt the west sh:~ft down 
to t,!x rock. By weight.ing it with ;~bout 180 tons of iron dross 
it WIS fiwlly forced into the clny to tllc depth of about GO feet 
IEIOW tire h:1rbor lKl~.l”nl. Below tllis point a sq~~are sh:lft, 10 
fcot, :ux”ss, wils cxcwat.cd with great, eiuc in plast,ic clay, pcnc- 
twtcd with occasion;~l wins of fille sand, Iut yicldiog little 
w:l(er (Pkrtc XXI., Fig. 1). 

The timbwing of tllis shaft WH h:lstily and, :IS it scctned to 
the cqincws, c:rrelcssly done, the: tinlbcrs b&n:: insowrcly 
brxcd, ;uxl cxvil.ies Iming continually Icft ‘ootsido of them. 
TIE en+cc,r in clmrgc consulted the City Ellyineer as to the 
1’“ssibility of requiring gwatcr wutioo it1 doing this work. It 
WLS decided, how~vcr, that the s!)irit of the cont,r:rct would not 
permit intcrfcrcnce with Allc contwctor’s mctliod of building this 
p0lti011 of I.116 s!l:lft. 

X” diflicult,y XIS encountered uut;il tho rock ws newed,.when 
vvtcr, to tllc :~nmnnt of 10,000 y:rllons :LU hour, broke in from , 
l~clom, :wl, no provision having IVXLI nude for its removnl, lilled 
the sl1oft. 1’111nps wwe ohtaincd and the shaft emptied, wheo 
it was found that the w:L(cr, following the cavities behind tire 
lining, had s”ftoned tho clay nnd loosened the timberiog, so thst 
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forming small isl:unds. TI lo maximnm nmmmt of wltcr lcxking 
into the tunnel at any timc xx 64,000 pIIons R” ho”r. 

The ho:uZ”$ Ixtwccn tho enst “nd middle shafts met Jan. 
24, 1882, and those I~rctwccn the n~iddlc :md west shufts rnct 
June 22, 1832. Lining the eswwtion with brick-work hcg:~n 
March IO of the sitme yc:~. l’rc.jccting pnrtions of rock wow 
first trirnmcd oft; so that room for :1 solid brick lining, 12 idchcu 
thick, I:lid in cc~*~ses, could nlwys Ix cM”ined. liosend:~lc 
cement n1oltnr mm used, co”ll’o”ed of eCp1l prts of conlent :1nd 
sand. All specs IAwccn the coursed lining “nd tlrc sides of 
the rock cxcawtion were solidly filled with ~nnsonry, principally 
brick-work. The umonnt of bncki”g thus rcq”ired to make solid 
wcrk avcrqed about three-fourlhs of :L yard per linc:~l foot. Fig. 
5, Plntc XXI., is n section of the tunnel :lt the point of mnsinnln~ 
size w11cro the Iqcst unount of backing w”s necdcd. I” “II, 
7,41G,OOO bricks :nld 23,377 Iwrola of uxncnt wcrc used in 
building t,hc totlocI. AlJout 12 linc:ll feet of tuneI could 1w 
coml~letcly lined in 24 hout3, at :wy cne pint. 

In plltting in t,lle li”iq, iron pips wcrc Imilt into the lxick- 
work (Phlte XXI., Fig. 3) whwcver nccess:uy to furnish out: 
lots for the wntcr, which ~w~ld cthcrwisc h:tve w~&cd out the 
n1ort:1r. Some of thcsc pipes were :lftcrw:wds plugged, hut 
“lost “f tllcnl wcrc left Ol’““. TIN: ]wess”rc of the \wter WIN!” 
kept fycnl entering the tunnel m:~s Aout 64 pounds per squxre 
inch, :md it w:~s not pr:wticablc to build brick m:wmry which 
should Ilo mater-tight uudcr such :I pressnrc. WhCll the ho”“cl 
is in “se the lwo~sure of the sowge within it is smnewlr:lt 
gxater th:m tlut, of the wtcr o&side the lining, SD that II& 
age would lx o”twurds, except tlat the pwticlcs ill the se)v:ge 
will q&kly clog nny lint holr,s i” the mxso”ry. 

Some csperin~ellts wcrc m:tde lo dctwnline to whet extent 
the porosity of the brick li”ing cmlld Ijo dcslroycd lay silbi”g 
tirw withcut. An iron pipe oxtcndi” ,” “1’ the e:ut shnft ,ws 
connected at its lower end with i,he pips huilt. t,hro”gh the 
brick-work, nnd w&r collt:li”iny clxy, cc”lcnt,.:md $10 sawdust 
wils fcrccd outuidc t,he li”ing. 

The tiller potions of those mntcri& cimlc through holes :md 
cmck3 in the joilbts of thu “rxsonry. Fi”c holes wcrc thus tilled 
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and Icakn,~o thlrqh them prevented. Holes of apparent size 
WVCPC callwd with lead. R,y t.hese mtxns the le:rlqe into the 
inclined portion of the tunnel m:~s rcdnced from 2,200 to WO 
.gallons an hour. It was not, howcvcr, considered pr:wtiunbla, 
except at consideral& expense, thus matcri:~lly to rcducc the 
leak:~gre ; and, in view of its slight impwtxnce in reapcct to the 
use of the tunnel; the attempt \Y:IS given up. 

The west shaft was lined with Iriclr-work. The middle shxft 
was alxmdoned, its only purpose Il:lvins been to fkcilitato con- 
struction. The :wch of the t,unnel where it p”sscs andor this 
shaft wu mado three feet t.hi& and :L cootbx wch, two feet 
thick, ~16 built over it to resist uppcr pressure, in wee the 
tunnel should orcr be filled suddet~ly :xfter having Iron pmnped 
out for any purpose. The shilft i&if ws not tilled up, hut 
ncur its top :m arch WBS built to prevent any heavy substance 
ever fUing down it (Plato XXI., Fig. 4). 

‘The enst shaft was lined throughout. A lwge Cornish miu- 
ing pump has been pu~chxsed, aud is lo be set up at this slYAft 
as soou as certain legal cwnplic;rtions ;&cting the city’s right 
to the location shall have been scttlcd. This pump will have 
su5icient cqxxity to empty the tunnel, including the leal~lge 
into it, within 48 hours. It is to he set up as :L precaution, as 
it did not seem wise t,o leave any portion of the work cntircly 
innccassilk $hould the tunnel ever he. punpcd out at this 
point. it would first he filled wit’h s:llt w;Lter, so that no possible 
nuisance could Ire crested by the operation. 

A sump, orwcll-hole, scvon feet deep, from whichto pump, was 
built under the east shaft (Plato XXI., Figs. 6 and 7). Pairs 
of cast-iron lleimla were hnilt, into the lining from the bottom of 
the sluft to it,s top. To &se arc bolted two sots of upright 
iron guides. One set of thercwill hold in plxx the risill,q col- 
umn of the pump, and t,hc other set will sowe for an elevator, 
to be used in visiting the pwnp and tunnel. 

It W:IS thought thilt, should dopoiits occnr in the tunnel, they 
might be renlovcd hy p:using :* ball, ron~ewh:tt snxlller in diamc- 
ter than the Qxmel, through it. To guide this lull past the vast 
shaft, four wooden guides, suitably shaped, were built in place 
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at that point. Applinnccs for handling such a Ml were pro- 
vided at the two ends of the tunnel. 

The tunnel WE practically finished July 25, 1883. Its com- 
pletiou required the rcmov:rl of all elevators, pumps, pipes, etc., 
used in constructing it and the closing up with mnsoury of all 
p”mp”clls, except t,he one hefore rcfcnxd to, :it the east shaft. 
This work W:IS attended with considelahle anxiety, as the pump- 
ing urpacity of the three shxft 5 was hut little m*re than wis 
necessnry to cout~ol the lcnkngo of wutcr. 

The finishing and reuwx& more successfully accomplished 
by systematic and careful mnnagcrncnt,. The last, shaft to he 
cleared mas the east slxlft, nod it w:m necessary to isolate it from 
the rest of the tunnel Iby n timhcr Mkhend, behind which the 
water entering the tunnel nccumul:~ted while the pumps and 
their nppartennnces wxc being minored. By the time the shaft 
was clew the tunucl W:LS two’-thirds full of mater. The bulk- 
11c:rd ww so made :md fastcned in place that on tripping :L catch, 
it fell qxnrt into three pieces, which were hauled out by ropes. 
ntt~whed to them. 

The contrad price fur the shafts, exclusive of iron, was $8F, 
and for the tunnel $48, per line:?1 foot. The contractor lost 
*noney, :md after :d,ont two yeus alxmdoned his contract, 
:xllcging his iunbility to complete it for the prices therein stipu- 
lated. Ilc otticrcd to co~nplete lho tunnel for prices about one- 
half grentcr tlnn those before ngrced upon. Considering that 
he had the rcquisitc plxut on hnnd, and had ncquircd v:~lnable 
cspericnce concerning the character of 1.1~ work and the best 
methods of conducting it ;’ nnd n,lso considering that the hnd 
reputation which the tunnel would hnvc, if &ndoncd, would 
prohubly detor other bidders from making reaso&tble offers, - 
it WIS thought for the best interests of the city to make :L second 
agreement with the s:unc contractor, which was accordingly 
done. The liunl total cost of this section of wnk, including 
iuspectiolr nud all itlcidontal espcnsca, wis $658,489.97, amotint- 
ing to nhout $02 per linwl foot of tnmlcl. 

The ucthods of alignment cmploycd by the .cngincers in 
irnmedinte chnrgc of the .tunncl, mhilc not wtirely novel, may 
be of suEic,ient interest to Ivz mentioned. The west shaft was 
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out of plumb, so that by dropping plumb-Iincs R base only 5.7 
feot long could be obtnined: This by itself would hwc mndc :KCU- 
rate alignments tedious. Moreover, each shaft contained about 
six lines of steam, wat,er, and exhaust. pipes, besides guides for 
its cage. As the sheftswze 160 feet deep, were dripping with 
water, and hd ctmvnts of air produced by hot-pipes and lenk- 
ngcs of steam, it would hnve been n&cssary to protect plumb- 
lines by tubes for the whole depth of the shnfts. At the west 
shaft it would have been imprncticnble to use soch tubes, as 
they would have been directly in the way of the *ago. 

On account of the di5culty attending the “so of plumb-bobs 
the line was transferrod below I)y mcnns of :I l:lrge tmnsit 
instrument set up at t,he top of the shaft. The telescope, 
having been set on line, was directed down the shaft, :md :L fine 
string, extending about 100 feet into the tunnel, mxs waged in 
line. The string was illuminntcd by light reflected front u 
mirror placed beoenth it. Conxnuniwtion between t,ho cngi- 
news at the top ‘:md at the bottom of the shaft was m&t&cd 
by the use of hsod tclcph”“es. 

At first the line within the tunnel mns produced by mcnns of 
instruments ; but, as the headings ndv:mced, the vcntihltion be- 
came so bad that at times :I light d&ant only 75 feet could not 
be seen. The line WIIS then produced by stretching a stout 
linen thread, about GO0 feet long, and lakinz of%& to it. Tho 
success attending bhese methods of nligomeot was vary gratify- 
ing, as the hcadinys met without :q~prcciable error. 

Should :L ” high-level ” iutwccpting sewc~’ cvcr bc built to 
conduct :I put of the city’s scw:lge, by gravitation, to Moon 
Island, it is expected thxt it mill ,j”in the present system, on 
Squ:l”tunl PTeck, at the fultlrcr end of the tunnel. To provide 
for such a contiogency the prcscnt “utfiJll scwycr is much 
increased in size beyond this point, being 11 X 12 feet in 
dimcosions. 

Tbc connection between the t,unnel and the outfall, sewer 
beyond is mndc in ao undcrgrouud chamber (Fig. 1, Plnte 
XXII.). From t,his chnmber, also, branches B short section of 
sewer with which to connect the futnw f’high-levol” system, 
should it over be built. ‘The chnmber’is covcred by :L substxn- 



tinI brick building, and :L flight, of &one steps lwds to :I lund- 
ing in the sewer below. The floor of tho building is supported 
on iron beams, and can be tnkon Up’s0 that IWnts can bC low- 
ered iot” the JCWCL’, and :I flushing-bnll cm be t&en out. To 
facilitate these opclutioos the roof was made exccptionnlly 
strong, nod from it was hung an iron track supportilig a travellcr 
land blocks cnp;ll~lc of lifting five tons. 

As fi1r as IllI? e:lstcrly show of Sq”““tun1 Neck’tbc “utf~dl 
sewer (Figs. 4, G, :11x1 7, Plate XXII.) was built partly in rock 
escnv:rtion and partly in onlb:mknlent. In the l:ltter case the 
sewer is tied through it,s wch by l$-inch iron rods, 8 feet :tlxwt. 
Thcsc are designed to prevalt &he possillility of distort.ion, due 
to olovenleots of the b:~nk below the scwx~ or on the side of it. 
The tics mill, doubtless, rust out in time, but not beforo the 
need of them is over. 

From Sqwtnm to Mooo Island an cu~b:tnkmeat (Plato 
XXII., Fig. 5) was built. It is n mile long, frow 20 to 30 
feet high, 20 feet wide on top, and about 120 feet at its base. 
Up to the estulrlishcd scww grade the embaolin~ont was chicfly 
built pf dredged gr:wcl, and, xbovc that height, of materinl ob- 
taiocd in exawnting for the reservoir on Moon Island. Up to 
six feet ahovc high water the slopes are protected by ballast and 
riprap. In all, xbout 141 ,000 ynrds of dredged yr:~sel, 260,000 
yards gf other e:rrtb, 20,000 yards of bnlhlst, :wd 54,000 tons 
of rilnxp were used in building the embankn~eut. 

About 4,100 feet in length of the site of the embanknlent 
consisted of beds of mud, from 10 to 40 feet deep. It w:,s 
hoped that the tillioCg would displxc this lnud and rench hwd 
bottom. It did so at n few points, but not 3s :L ralo. As an 
experiment an tcttempt WAS made to nssiat this action by explod- 
ing dyoarnite cartridges under the embu~knrent. No I.esldts of 
import:uxe were thus ol,tai”ed ; but the experiment dernon- 
stratcd the rei;ist;wce of the nud t,o displwement and the prob- 
able future stabilitv of the eod~ankment. 

Broad plntec;, with vertical iron roda Cutened to them, mere 
plnced new t,hc bottom of the bsnk on its centro line, and the 
nnlount of settlement as fillirlg progrcsscd was noticed. After 
the baok was completed slight settlements still wntinued. It 
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we, thcrcfore, thoughts mow lnwlout to postpone hllilding :I 
n,asonry strncturc for son,c ycnrs, “1’ until there wns ilsSuI‘:L”c” 
tlrnt the Ixmlc had nssu~~~d :I condition of pcrmnnont stability. 

For temporary use, thcrcfore, :, \\~“odcn fhm~e (Fig. 2, Plato 
XXII.) WBS snhstit~utcd for the m:~“nry scww :tt this point. 
The Aumc is located outside of t,he cnrh:unlimcnt, and 200 feet 
south of it. It is supl~ortcd on pile,, in hcnts ten feet qxwt, 
genwally with three piles to the bent. In all, :Ib”ot 1,300 piles 
W~TC driven, somc.“f them to R depth of 40 Feet. 

The flunw prolwr consists of $1 wooden box, six Feet square. 
It,s sides, top, and hottorn UC fbrmcd of Cnnxlian white pine, 
three inches thick, lku~cd all “vcr. The plnnks, crcept R 
single filling in co~~rso on each side, WC :IU of even widt,lr;s” 
as to allow Inxxking joint. They iwe grooved on each edge, 
xnd also on their ends (Fig. 3), for lh x $-inch tongues. 
The 110s is sorr”unded,:~t intervnls of t,hrce fact four inches, by 
sqwue fr:uncs of slnwcc timber, mortised together :und tightened 
wit,11 I jolts and wcdgcs. 

The pint :uld splvcc were fitted at the mills, so xx to go to- 
wtlrcr with the 1e:lat possible furthor titting. a As mwh BP 250 
feet in length was nsscmblod :~nd spiked in :I singlo day. Aft&r 
completion the whole w:ts given t.wo coats of cheap paint. The 
total cost of the flume was :L little under $10 per Iinca Foot. 

From the further ond of the Aa~ne the outFall sewer (Fig. 
6) cxtcnds up to and in Frout of the storage reservoir. 
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MOON ISLAND is di&nnt about :L milt Fwm t,he nwin land. It 
comprises :Ihout 3(i :ICL’CS of rlphlnd, surrounded by ullout 145 
news oFbc:~hcs :uxl tl:ils. The wstcrly end of rhc is1:11rd ~.iscs 
to nn clewtion about 100 feet above t,ide-wntcr. On t:hc wcst- 
em or landxwd side is anol.hcr sn~:~lIcr iwe:~ of rising ground, 
shout 45 feet, high. Cctwccn these two portiuns of high hmd 
iws :L v;tlley, crossing the island FIYN~ north to south, whose 
ccntml portion wus but :L fca feet :~hovc the Icvcl of high water. 
In this coiirpar:1tivcly low 1:1nd the rcscwoir is sitwtcd. 

Tho.rescrvoir, as at lnwcnt built, covers :m won of :Ihout 
five :wes. I~t is expected thxt in the future, when the amount of 
sewapc to hc stow1 sh;lll h;rvo incrcascd, it will be nccc;ju:\Yy to 
extend and cnhwgc the rcscrvoir to ahoot doul)lc its pwscnt 
capacity. The parlion :~lrc:~dy luilt is so loc:ttcd :md :~uxn~ed 
that the contcolplated cxtcnsion can rwdily be nwle 0~1 the 
south side of t,hc present stxocturc. 

The site for the rcscrvoir NW l~~elxwxl wholly by escxvxting. 
On the ccntre line of the vslley this cxlvntion w:~s allout ten 
feet deep, while on the cast :md west sides tho cutting ill pieces 
was Forty Fwt deep. Adrive-wy surrounds the reservoir, and 
the b:unks arc sloped back from it. The cscxvated nuterial 
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“cmsioncd if the reservoir were left nncovcred, and, tllerefore, 
no roof was built over it. Uut;, to provide fbr:wy future cnnt~in- 
gency which might require it to he covered, foundntioll I)locks 
were built into the Iloor, on which piers to support :i roof can 
hercaftor be Imilt, if nccdcd. These foand:ltion blocks we 
spaced 20 feet albut in on0 direction, and 30 feet in t,hc other, 
and consist of g:l;:nito stones :3 feet squaw :wl l-8 inches thick. 
They arc rough pointed on top and are I,xddcd in cotiwcte. 
They cost, laid, $7.25 each. 

The uorthwly 100 feet of c:~ch division wrll, being the end 
ncwcst to the dischwge scwors, is runde hollow, and 1.75 feet 

. . 
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the openings pqxred in tho nwwnry. They nrcscwrcd to tllu 
stow hy $ilrch :anchor-l,“lt,s, let ill 4.k inches :lnd tiutcned with 
brin~stonc. The sent of wch gate is :t ecpratc piccc: of cast- 
iron, pl:~ncd * - inch thick, iktened to its fmnrc with screw 
rivets, and sor:~pcd true md st:r:+t. F:lst.cned to c:rclr side of 
the frame is II yuidc, which hrilds lhc ulve in its l)roper posi- 
lim while nwvin~. The fact of the wlvu is pleued :11x1 sclapcd 
to tit the facing of the f~:lnlcs, so tlmt tllcrc shsll I)C no le:di- 
ap. The r:llve is pvesscd ti$t to its sent hy nlciuls of :ldjust- 
:~l)lc gihs, which bear :Ipinst inclined ph~ncs, cast “II the 
guides. 

The @es WC made by lifting-rods :md SCL’OIW, connected 
with suitalk lnxcket~, pwiug, and clutches, :~l~“vc the floor 
of the gate-house (Plato XXV., Fig. 2). A nmin liw of sli:lfb 
ing, from 24 to 31 inches in dklmeter, extends the wh”Ic len$h 
of the g:ttc-house, or :llxxIt 575 ‘feet. The clutches for CIWII 
gate WC thrown in and “nt Ihy a hand lever, :11x1 :ds” by the 
ptc itself when it rexhcs either end “f its course. The 20 
ptcs, with all their :Ipl~~~‘t~:~~:~t~~es and the :Jearing :lnd shafting 
for operating them, cost., in lk~oc, about $12,000. 

To fnrnish power both :I stc:m-engine :u~d n turlAk wheel 
nro pwvidcd. The Intter, which is most comn~only used, is 
21 inches in diamctcr , nnd is l~laccd in :I well nc:w the north- 
wstcrly COI’IICI’ of the rcwrvoir. It talics wntcr cithcr from 
the reservoir or frbm the out~fltll scwx, and drains into the dis- 
ch:wgc sewws. Under “vdinwy circumstances it furnishes 
without espcnsc :III~IIC power for nmviug t,ile pt.cs, running 
pnnrps, :~nd “t~hcr *~eccss:wy q~cwtkms, :wl requires 110 attcn- 
tion Iwyond opening and shulting the @es Icxling to it,. 

The engine, which is scldo~~~ used, is of 30 horse-l~ower. To 
furnkh stc:ull fw it :~nd :~lao fbr Jleating ill winter thcrc are two 
upright. tuluhlr Iwilcrs. Tha mnchiwxy :and ‘g:Ltcs are *x0- 
twtcd by snit:lMo brick Iuildiup, dcsigncd nnd Iwilt by the 
cugincers. The lvincip:tl one of thcsc, c:~llcd rhc TAIII~ Gate- 
I-lone, extends Ihr 575 feet :ilong the front of t.hc’rcscrvr~ir. 
Conncct,ing with it, at the wvl.li-eustcrly C”L’*ICL’ of the rcserv”ir. 
is awlher I:wgxx IxGlding, c”nt:lining wgino, boilor, and coal 
1’“““,S. A chiulnoy, 40 feet high, is :~ls” built. 
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Tho sewage Hors through t,hc &es in the outfall sewer 
into the six-feet g:~llcry, rnhc~~co it passes through ,“pclrings in 
the rescrvoir ~111 into the reservoir. There it accumnlate$ 

during the I:ktcr’ part of &I,-t,idc :III~ the whole of the flood- 
tide. Shortly :,fter the tun1 of the tide the lower gatcv :11'0 

opened, imd tlrc swwge flows frown the reserwir, through the 
-gallcry, into the dischugc scwcrs, which conduct it to the out- 
Ict. 

‘That p”rti”n of the disclnlrgc scvcrs hcyond the reservoir 
was udlcd the Ontlct-Sewer Section, :IIKI W:IB built under ‘?I 
sep1‘"tc wntract. Thcrc :II’C two SCWBI’J of brick nnd concrctc 
~n:w~~i~~y (Fig. 1, Phtc XXVI.), cxh 10 f&t 10 inches high, 
by 12 feet wide inside. They estcnd from the rescrvoi~ about 
GO0 feet out into the sc:~, whwe thcrc is live feet depth of water 
at low tido. The I~ottotns of the scnws wc 1.5 feet ill~ove the 
elevations of low wntcr. The :~rchcs, 12 inches thick, were l:xi$ 
with lioscndalc cemont mortar, and the inverts :und sides Fvvith 

-1’ortlnMl uen;cnt mort:1r. III the tol> of cnch sewer are built 
three lnrgc vent holes, to rclicve the :nxh from any pxssure of 
air due to :* sncccsjioli of w~vcs elitering the scows. 

The immcdi:~t,v outlet consists of :I cut gnmitc piw-hc:nd laid 
in mort:lr. In this arc ch:~lubers cinrt:l~ining grooves for gates 
:md stop-pl:wbs. The stones forming the pier-had are quite 
I:lrgc, in order to withetnnd waves awl ice. Several of t~llclll 
weighed :lh”ut ci,+t tons cxh. Most of the h”rizwt:il joints 
arc dlowclled, :ilrd the w&xl .joints of the coping-stones iwc 
secured I,! gI111-111el:II CK,Ul,'". 

The sewers are covered by :,I, cxrth cmbnnlimcnt, with its 
side sl”pcs lxkxtcd I)y hnII:~st and riprnp. This enllxrukmcnt 
constitutes :L pier extending into the harbor, and its top is 
II:lll:lstcd :1od surfkcd for :I l.“:ldwy. Xcar the end of the pior 
is :L strong wh:wf, :Ihout 40 feet sqonre, suppork by <,;A piles. 
This is used for Innding ~0x1 and other aqq>lics. 

To facilitnta construction 011 this sectkm the sito of the work 
.wns enclosed hy I~oildiog :Ihout 1,100 fwt of colfix-d:lln around 
il.. Tlu2 d:m~ conaistcd of two rows of spwx piles, ten f&t apart, 
the piles in ench row IGig rlx~ced six feet on ccntres. Ii&do 
the piles were I’OJVS of &inch tongrlcd :u~d grooved sheet piling. 
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The d:nn wits tied :IWOSS with irou bolts a~1 JWS tilled with 
earth. When putnped out it proved to IN wry tight, :u~l en- 
~rhled the work inside it to proceed without interruption. After 
the SCW:I’S wcw built. md covered, the dam wiw cnt down below 
the ~IU&X of the cmbar~knux~t slopes. The total cost of this 
outlet section mu $M,Z50. 

.Tl~c top of the rcscwoir tioor is about one foot below the clovn- 
tion of high wlter. The p :~ved yuttcrs XIX n littlc lower, and in- 
cline ne:wly :L foot from the hack of the rcsc~.voir to its front. This 
insurea them Ixilg il goo(l current in them when tlw reservoirs 
we nwrly en~pticd, so that the light doposit of sludge which has 
Iw2n prccipit:rted IIIM~ the Iwttom of the I’cservoir is mostly 
w;&xl into the discharge sewew 

To :issist in clwnsing the b:wins a s.ystenl of pips and hy- 
drants furnishing salt water under prcs~ure is provided. The 

w&r is drawn from the sea to :L pwnp in the engine-llousc, 
which Li~rccs it allout the rcsurvoir. A 4-inch pipe, with 
douhlc hydr:lllts, about 75 feet qxwt, is laid throuph the 
middle of wch brsin. A line of hose cxn IE conwcted with 
uny hydr:mt, nud n tire-stream directed :qninst any put of the 
floor or side \v~~lls. The pnq, can also Ix used to lxm~,, scwge 
with which to iwigatc the brinks wd grounds surrounding the 
reservoir. 

To obt.;rin fresh witcr for donlostic lxqoscs~ and for the 
boilers, the high portion of the island has been encircled with 
ditches which collect r:&-water and conduct it to a cistern 
holding 75,000 g:dlons. 

Within the gate-hquso is provided :w automatic recording 
gauge. n~ovcd by clock-work, UKI connected with floats in the 
sowers. The records trnced by this m:whine furnish a perfect 
cl~eck on the vigil:mce of the cnq~loy&. Each day’s rcw,rd 
shows, by inspection, the hours at which the ptes were aliened 
mrd ‘closed, and the height of tide. 

The total cxpcnditure by the city on account of l&lain Drnin- 
z~ye\\‘orks, from the lqillning of the prcliminuy survey, 187F, 
to the present time, is about $5,213,000. 
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csrried “11 :I pbltfornr ‘at the front end of the frame. From 
the top of the fiwnc were s~qxnded iron tracks, on which were 
trnrellers, n~ovcd hbckrv:mls :md forwwdls by wire ropes le:& 
ing to the cngino: A non~bcr of tnbs, loaded by the digers in 
front, were hoisted sin~nlt:tneoosly hy the engine, and riln back 
to bc dnmlvxl OYOP the completed sewer. They were then 
retarncd :11x1 lowered to the points mhencc they hxl beco 
taken, hy which t,inw n second set of tubs had been filled ready 
for hoisting. 

Espcricncc is prol~:~bly a hctter guide to designing stable 
S(JI~CI‘S than nrc theories concwning lines of prcsswes :~nd go”- 
stxtic wchcs. The physic:~I conditions which determine the 
direction and amount of the earth pressures RPC seldo~n the same 
in the GLSD of any two scwcl’s. They dillix ot dilfcrcnt points 
“bout the s:,me SCWCI’, and often nre not ,nlikc on I)“th sides of 
one scow. The best that can be done is to judge as well as 
possible of the cbamctor of the gronnd to bc peoetr:ttod, and 
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begin to build such B sewer as has proved stable under similar 
conditions. The, sower should then bo cunmincd cnrcfully, 
dwing and after lo;tdinp, for signs of weakness. 

In the wse of the main drain:lgo lowers such exnminat.ions 
mere m:rdo gr:tphic;llly, by txkin, o_ diagwms of their inside 
8hCp. These di:~gxrns vere taken hy the nid of :I mnchine 
shown on I%tc XXVII. It consisted of a light ftxmc, which 
conld bc so fiscd ngainrt the masonry that its contw should be 
in the aSis of the SOTWP. A movable arm WBS t~hen rotated 
mdi:rlly from the cent,ro, with it< out,or end bc:wing lightly 
against the insidc perimctcr of the sower. At the ccntrc of the 
mnchino was n disk, on which was plxcd n sheet of p:~por, A 
pencil point, nttnchcd t,o t,he rot;&ng arm, trwed upon t,he 
p:,pcr :I di:l,rrr:tn>, showin,rr the sbnpe of the scwor tmd it.3 WI%- 
tion, if any, from the est,:rblishcd form. 

The shape an<! nmormt of any distortion snggcsted the o:tn~e 
which produced it, :md the remedy th ho applied. The most. 
come-on C:IIISCS were too early remowl of contra ; tdo qid 
or nncqu:~l Ionding ; Lho use of improper m;ltwi:d for b:&filling 
about the sewor ; insufEcient rammiq of backlilli~r,r agcius~ tile 
harmchcs ; wit,h draving shcetplnnks after baokfilliug ; inbcrent 
weakness in the design of the sewer. Such errors could be 
corrected :und.tho design of the structure could be modified 
unt,il the di:~gmms txkcn from tho sewer worn found to corre- 
spond wit,h its proper shq~. 

The Main Draiw~gc System is so nrmngod that any priwipal 
portion of it c:m’be isolated and emptied for inspcct,ion and re- 
pair. Any intcrccpting sewer can be thns isolated by closing 
tho penstock gate at its lower end, and also tho inlet-valves 
connectiq it with the common sowers, t,hc latter then dischug- 
in,g at their old ontleta. By closing the gates at the ends of all 
intercepting sewers the main sewer can be emptied. Wher- 
ever an opportunity for isahrtiu g n small por&m of the works 
might prove desirable. but the use of iron gntes for such pur- 
pose would h:wc entailed unwarranted expense, as B cheaper 
substitute, grooves of iron or stone were built into the masonry 
for stop-planks. S !I UC 1 grgores for stop-phmks more 3lw:qw 
built above any iron gates, to afford a n~ans of aoooss ill cast 



of needed repairs. Where slight le:lknge could 110 nffordcd, a 
single pair of grooves was considered su5cicnt. \I’lK!re a 
tight darn W:LS dcsimhle, n double set of gmwcs wns provided, 
so that‘ n double set of stop-planks, with an innidc packing of 
clny, cor1ld 1x2 used. Some hnndrcds of stop-pl:u~ks, of ditliir- 
ent lengt,hs, are kept in readiness. Their form, ia shown’on 
Plate XXVII. They are made of hard-pint plnnks, from three 
to five inches thick, planed and oiled. 

The connections bet&en the common sewers and the inter- 
cqting sewers were usu:Q m:lde during t,lre coost~ruction of 
tha latter. The vlrlves of the inlet-pipes, built int,o the ~amnon 
sewers, were closed and mple tight by n little cement around 
their edgea. By raising these valves the connection between 
the old and now system could nt any time be ostnl)lished. 



CHAPTER XI. 

.JANUARY 1, 1884, the connections between tho common and 
intercepting sewers wcrc first opened. Pll”lpi”g btyl” at the 
wme time, and the sewage wu3 sent to the reservoir at Moon 
Island, and thence discharged into t.he Outcr Harbor. Conocc- 
tion with about one-half of the common SCW~S was mzde on 
t,h:lt day, and most of the others were connected within a month 
thereafter ; so thnt by Febranry, 1884, newly all of the city 
sewqe ws diwrtcd from t,he ‘old outlets. ‘The ulqwr lportiou 
of the JVest Side intwcepting scwcr, in Lowell and Cawcwny 
Stmets, mm built in 1884. The common SCW~I‘R, trihut,;wy to 
it, were inkrccpt~d as conatruetion progressed. A comn~on 
sewor draining a portion of Dorchester, interueptcd by the main 
sewer at East Chester Park just east of the N.Y. & N.E. 
R:lilro:ud, was not coon&cd until early in 1585. 

Although the whole intercept~ing system, therefore, w:~s not 
&rely c”nlplctcd until the present year, yet the greater p:1rt 
of it has been in operation for fifteen months, -a long enough 
period to afford a f%r indication of its pmcticnl working, and of 
the results which will be dcrixd from it. 

As olsewherc stated t,he Main Drainage Works were designed 
and built to correct two principal evils inherent in the old system 
of ae\ver;lge. Thcsc ~erc : - 

IGSL The danwing up of the common sewcw by the tide, 
by which, for much of the time, they were converted into stag- 
nant cesspools, and the air in t,hcrn was compressed, nnd to find 
out,lets uw driven into house-drains and other openings. 

,SeyecomL The dischqc of the sewage on the shores of thd 
city in the immcdintc vicinity of popohrtion, thcroby &sing 
nuwmce9 at many points. 

The first of these evils hns been entirely corrected by the new 
system. The old sewax now ‘have R continual flow in them, 



indopondent of the &ago of the tide, as has l,xxn nscerttiincd 1)~ 
fquent observtlt,ions, and also from the testimony of dmin-lay- 
ers, who formerly were only nhlo to cntcr lmuac-pipes into the 

n LW,W~ when the latter were cmpt,y at low tide, butt now can 
make such connections :lt any time. 
’ The now sysl:cm hns also snhstnntially rcmcdicd the second 

evil. From the moment th:lt any of t.llc’city sewers wns con- 
noctcd with an intercepting scwcr, the sewxgc which had More 
discharged on the shove of the city IWS divcrtcd, and.has since 
beon conveyed to 1\Ioon Islaud and emptied into the Outer Har- 
lw at that point. 

,It is true that :d>out twenty-four timcs during the past ycnr, 
or an :werayo of twice :l month, during rain-storms :und frcshots, 
t,be nrrrount of w&co flowing in the sewers has cxceedcd ‘the 
cqacit,y of the pumps. &t such t,imes the exwss has Ivxn dis- 
chugcd nt tho old scwcr outlets. But this occasion:~l and tem- 
porary disch:trgc of very dilute ~cv:~ge does not ~ecm to hare 
occasioned imy nuiennce. Exmninstions and inquiries concwn- 
ing the condition of the shorts :md docks at the ~ewar outlets 
have shown that water, onw &ntiuually foul, has hccomc pure, 
bad odors huvo crxsed, nud fish hnvc returned to places whcrc 
"0°C 11:rd heen seen fur years. The stcnchcs, rcfcrred to by the 
City Uoard of I-icalth (p. la), which formerly, at t,imcs, werb 
prevalent over the city, wcrc not noticed during the past year. 

The nt~tcmllt to relieve certain low districts, eulajoct. to flooding 
of ccll;trs during rain-storms at high tido, hy discriminating ill 
favor of such districts in respect to the interception of stnrm- 
water, has mot with marked SIICCUSS. No cilsc of flooding in such 
districb h:u IKXIB reported since the sewers draining thonl have 
been. connected with the intcrceptcrs ; and many cellnrs, which 
used often to be filled sever;11 feet deep with water, arc known 
to have lwen porfcztly dry during the past year. 

13uildin,o the iutwcepting scwcr~ has also dried cellnrs in otllcr 
parts of the city in a way which was not at first nnticipntcd. 
When land on the shorts of the city was reclaimed for building 
purposes. m&t of the old w:~lls and whnrvcs were covcrcd up by 
the now filling. Tide-water followed along any such structures 
thtvugh the ground, and entered cellars lower than high-tide 

. 





the city SCWOI’S, n+cn first intcrccpted, were found to contain 
deposits of sludge wrying from :L few inches to scvcrnl feet in 
depth. All these deposits were arried into the intcrccpting 
SCWC~S, hnd the sludge reached- the l~~~~~~pillg-st:~tion and was 
pumped up into the deposit femurs. Grxvel, st~onca, and Iwick- 
hata also WCPC swq1t :1long and taken out at the filth-hoist. 
II’iuc sand, however, did not move so. freely, hut scttlcd in 
ridges here :11x1 there, and hnd to Ix remorod by h;u~l. 

The bottoms of the scwcw xc, as :L rule, pwfcctly cla:u,. No 
sliniq accnuiul:~tcs thcro, or, if it cvcr hgins .to grow, it is nt 
once scoured off by the :Lttrit,ion of moving pwl:iclcs. The sides 
“f the invert Mom the swfxc of the water II:IW a thin coxting 
!~f slime, m:lkitlg them wry slippry. The arch and the lmrtion 
of the invert :~bove the wetcr csposul bthc air we clo:u~, and 
“ften quite dry. In some portions of the SCIV~I’S enrt:hy :uxo- 
tions form on the arch. Where t.lle sewx is sur~ou~~lud by 
~~,:wsh mud t.hcno arc turned Mnclt hy sulphwcttcd hydrbp, 
ewnctimos they arc colorod yellow by iron, often they nppc:r 
HS white st;d:wtitcs. I n L uyey soil the arcI seems to lx alioot ,I 
as clean as rvhcn laid. 

Tl10 :~tnlosphero in the sewers is not olliinsivc, alt~houyh a 
Clint scw:~gc stucll can I)o detected 011 first cnl.cri~~g t~hcm. For 
the first eight nlonths :Iftcr the scwl’r wut into “peretion they 
wcw not rcutilnted at tho ~n:w-holes. This ws bea~~se it ws 
known that’ ~nuch sludge would IIC t,urncd int,o them from the. 
unnmon sc\rcrfi, and it was fcwcd the sn~cll from it n+$t he 
noticed. I~i~~:dly tho vcntil:ltiug DOWI’s, slww~ on PI:rtc VI., 
WCI’O put in pl:xe. No smell 11x5 ovc~’ I~cn noticcd.frolu them, 
alld they cousider:~l~ly improved t.hc condition of the ntmosl)hcw 
in the sc~vc~‘s, which is uow qtlitc fresh :uul h:lrdly at al1 dis- 
agrcenl)le ; not Bo much so, for itlst:nwc, as is th:Lt in most rail- 
wy cnrrklgos after au how’5 USC. The tenlp”“:lt”“c of the SCIP- 
Hg:C vurics from 50° to ljjO F., nnd t,hxt of the nir in the sewers 
from 40° to liO” F., dolwnding ul~on the outsidc tempor:~t:ure. 

-- 
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The men c:nptoyed in the fitlh-hoist, included in the :I~)OVO, 
rank as oilers. .Thc administration :rt this point. i% of UNIX+, 
not as economiwt as it moutd bo if there wore a uniform 
corlstant 0n1011nt of worti to I>0 aonc. 

The del~osit-sewers have pcrfcctly :~nswercd their purpscs 
in arresting ntl hr;lr,y matters cont~~inc~t in tlrc sowl,oc. The 
cross-scctiomd :LI‘C:L of these sewers is so I:lr,qc and the resulting 
velocity of ltow is so slngjah, won when four pumps iwz run- 
IGII~, that all sust~cndcd nxltters sob~ido before rcxhing the 
t.unnet. Sand and pro1 arc dopositul at once, a.3 soon its they 
enter the SCWCI‘S ; tighter sut~st;mces arc cnrricd :L little f:ulhcr ; 
‘Id only fonting nulttcrs or t,twse baring :thout the s:uno spocifc 
gravity :~a water, rctnain in suspension long enough to reach the 
fi~rthw end of the scwcrs. 

As elsewhere stxtcd, the sludge, contained by the ocnuncn 
sewers at the t,inlc conmotion ws m& bctwcon them nnd 
the intcrcopting sower, psscd to the tl~~~~~~~ing-st;ltion :Ind xY’:m 
puml~cd into the deposit scwc13. The mount of this was 
12,000 cubic yslds “1’ 1nore. The best way cf ronloving it was 
tong corrsidcred, ud it IWS only in the autulun of 18X4 t,ht!t, 
the al~pti;u~ces dcscrihcd in Chxptor VIII. WCI’C :xlopt:cd and 
constrnctcd. When the six-inch pip connecting cnc deposit 
sower with the studgc-tank was first otxncd, the doposits near 
whcro the pipe cnt,orcd the SCWCL’ wwc dr:~wn indo ttlo tank, 
which in tlrc slxwe of two days was lillcd r&h about 100 y:lrds 
of sludge. 

The flcnt.ing sc~~pc~s (i?t:ltc SIX.) were not comptctcd un- 
til the winter. ,,:tlGV \vork wry mctt, with a con~l~inctt scrap- 
ing nnd ttoshing :~ct”icn, nnd 13s their use the sllnd xnd gravel 
dcpsits can he nmvc~t from cno end of the scwor to the cthcr. 
The studgc-tank mxs lilted :L second tinlo, principally w&h olenr 
s;und, when 0per:btions were stopped by the h:rrl~or’s freezing 
cvcr. The I~rly rem:lined ctoscd by ice until cwty in March, 
when tho ~c~nov:~t of the dopsit,s was :qpi’n rcsumcd. It socms 
l~rdlx~l~tc t.txi1 this mcthnd of ren~owl wilt pxwc as satisfactory 
as any which contd 1)o udoptcd. 

As the Lunnet is 142 feat I~cto\v the h:rbor, and hns heon ccn- 
stantly full of sewgo since pumping bcp, thcro has l~een no 



opprtumty for inspecting it. For the first few months of 1884, 
l,cfixc atI of tlw city s”w01’s had Iucn intcrceptcd, :I comptx- 
tivcty sm:~tt :~tno~~nt of sewgo was pumtxxt, espcci;~lty :It night. 
At 8uch times the vctooity of few through the tunnel wils very 
gtiyht, often toss lhen one-txilf of il foot n second. 0ccasi”n:ltly 
punlpiug would Ilo stopped for :a f”w hours at r@ht., 1” allow t.h” 
sl?m:lgo to ilCcIlIlIIIt:ltC. At present the “rdiu:wy few in the tun- 
nel is scld”n1 tll5t.w tt1nn on0 foot :, scc”nd. As the scwge tlltics 
from two to f”lW t10111.s lo pss tllrollgtl 01” tnlmcl, at thcsc slow 
velocities, it was to he c.xpccted t,tM dep”sil:~s wontd occur tllcrc. 

To :~sccdain the “stat of such deposits, nnd whether they 
were tikcty to txcomc txrnxmont, sotne cspcrimenls wore made. 
These were l~wxl upon tlrc following laws : - 

That the How through t,he tunnel is produced by the diftcrenco 
in clo,r:~lion of the water at its t,w” clrds ; 

That the :unounl “f t,tlis diA’crcnc0 is 3 n~c:~suro of the fric- 
tion:ll re&t:uncc which the tunnel opposes to Ihc flow of the 
sca:,gc ; 

V = Velocity in feet par second 
. 

It = I1ydrautic moan radius = 
nre:l. 

wet periuletcr 

I = Sine of inclination = g 
n 

C = A coefficient ascertained iy cspiment. 
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As the tunnel is &c&r, 7.5 feet in internal dinmotcr, the 
value of R, corresponding to the full cross-sectional nren, is 1.875 
feet. Expcriuxnts on the tlow of mater in the Sudbnry-river 
Conduit,’ which was a brick structure like the tuonet, gave a 
coefficient corrcspooding t,o R = 1.875, of about 137. It was 
nod anticipnted tbnt the cocflicicnt found for, the tunnel, ercn 
when it wxs clean, mootd 1~ quite so largc as thnt of the con- 
dnit; since the su&x of the former is somewhnt rougher, and 
some loss of head would be occnaioncd by chnnges in, direct,ion 
at bends :md by ob&nctions at the cast shaft. 

It ws also expcctcd that the coc5cicnt would vnry somewhat 
with the vclocit,y and with the dilution of the sewqe. Under 
bho most f’~voreblo circumstances, with the tunnel free from 
deposit&, the coe5cicnt would uplxoximntc 137, being that 
found by t,lre expnriments :~bovo mentioned. 

The full nroa of the tunnel WRS used in determining the wlucs 
of V nod 1~. This nsswned t,lnt the tunnel was cle:m. Should 
the cocfficicnt be found t,o be much lower than that anticipated 
it woold show that tile nforcsaid nssomption wns incorrect, nod 
that the :,ron of tllc tumlet wits partly obstluctcd. 

Whatcvcr WLS the true value of the coo5cicnt, its incrwse or 
decrense, as dctcrmincd by successive expcrinxx~ts under thr 
same condit:ions, would show whether the amount of deposit in 
the tunnel wiis becoming less or grentcr. 

Arr:upments arc provided for flushing the tunnel by running 
four pumps simultiuleousty. snlt w:Ltw being admitted to the 
pump-veils to supply any deficiency of sewage. ‘The volume 
pumped is generally at the rate of about 114,000,OOO gallons 
per day, which give n v&city of about four feet per second 
t~hrqh the tunnel. 

The first flushing with four pumps W:E done June 12, 1884. 
Just previous to this time, by two mcasuremeotv on diiliirent 
dnyr, the loss of bwd through the tunnel WBR ascertained to be 
about .54 of a foot, .ind the v:~tues of C were found to be 80 nnd 
82. On Juno 13, the day after flushing, an experimeot, with 
t,ho same conditions as those previously made, gave II loss of 
head of .30 of n foot, and R value of C = 110. 

1 Transactions of tifc Americou society Of civil Eegineom, Vol. XII., NO. CCLIII. 
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this mny be dot to the fact that the first trials wen: made with 
cle;~r sewage, whereas, in the wsc of the last, trial, the water 
m:ts comparntively clean. It SCC”S re:~onnblc to suppose that 
some had woold Ix expended in maintaining in suqxnsion the 
solid particles cont:lincd by tho scm:l~e. The abject is worthy 
of further in\:csti@ion, it bec:wsc conccr~~s t.he :q7plicability- to 
the flow of scw;~gc of hydraulic founulio derived fro”] csperi- 
ments on the tlo\v of clean water. 

The reservoir hns :L capacity of 25,000,OOO gallons. As sew- 
nge.i$ stored in it for about ton hotu~~ at a time, bctwtien the 
end of o”c period of dischqe and the bcgi”ni”g of cnother, tho 
b:uins, IS n rule, II:I,W been filled only “bent h:df-fill1 during 
the past year. The process of disch:qing is hcgu cbout one 
hour after the beginning of ebb tide. By this time the surfax 
of the sen is ns low as the bottom of the reservoir, nnd n good 
hwbor torrent is setting outwards past the outlet. \Vater is 
adtnitted to the turbine, and by the power transmitted fro”] it 
the upper gntes in the outfall scwx are first closed. The sew- 
age then acriviog is thus stored in lhc sewcv, and it,s sart& 
rises sere~~l l&t;. Mennt.ime the Iowcr gates in the discharge 
sower are opcncd, xnd the sewngc in the reservoir tlows throogh 
them to the ootlct. Under ordinary circumstances the basins 
are emptied in xbout thirty mimltcs. 

There is left in the bnsi”s n thi” deposit of semi-fluid mud, 
gc~wnllyabout one-quarter of :t” inch thick, but in grwtcr qua”- 
tity after &owls. To romove this, flushing is first rcsortod to. 
During the p:lst year four brick partition-nnlls wcrc built axoss 
the gallery between the sewers and the reservoir. One of these 
wy:m built opposite tho middle of cauh basin. As soo” :S :I basin 
is empty n” upper gate is opcncd on o”e side of the dividing 
wull just mcntio”cd, and the lowr gates on the other side of 
it. The scm:~gc, which hns I)y this time :xcnrnul:~tcd to a 
considaxblc depth in the ootfldl scwcr, lx~sscs through the 
openings into o”c side of the basin, n”d flows witch modclntc 
force up the gottcrs to t,he bwk rctahling-wall. As the gutters 
fill the serrnge overflorvs iuxoss t.hc ridges and down the gutters 
011 the other side of the basin. Mr~h of the sludge is in this 
way wnshed oil’ i”to the gutters :md car&l into the discharge 



uxvorS. The tlushing is dooe nltcrnatcly from ape and $0 
other side of the basin. 

If 3 basin c:innot thus lx cntircly clenned moo descend into 
it with brand wooden scr:~pers, conrex on one side, to fit the 
gutters, and flat on the &or. With these the mud is scraped 
into the gutters :lud pushed down into t,hc g:~ll&y, mhence it 
is wnshod out into the ~O:L nt the next time of disch:uge. Such 
cleansing operations occupy about one-half hour for e:xh bnsin, 
and are not cspccinlly dis:~grec:~ble for the mtn.’ 

When the sides of n b:~sin need cleaning t.he pump in the 
engine-house is started, and one or more lines of hose are 
coupled to t,lle hydrants on the 4-inch pipe fastened to the floor 
in the middle of cnch basin. The pump will give two stroug 
fire strcuns with sufficient force to wash otf ally crust which 11~s 
hnrdened 01, the w:~lls. The strcuns c:m :~Iso be used in con- 
ncction with scmping :xnd washing the tloors of the b:Gl. 

The first scw:~ge which dischnrges nt the outlet contains :L 
consider;rbla amount of sludge which has settled in Iho 
gallery and disch:wge sewers, :md gives to the offluent x dark, 
muddy nppc:uxnco. After :L few minutes tlw color is somewhat 
lost, and the effluent looks like moderstely dirty wntcr. 

Its cffcot. in discoloring the salt water, :md its coarse DY it 
joins the current out of the h:lrbor, can be plninly noticed. 
Being fresh w:~ter it rises to bhe surfxc, nnd when n half-mile 
from the outlct scans to lie on top of the salt water in n 
stratum but :I few inches thick. The grcnsy nnturc of the sew- 
age tends 1:” rluiot the ripples commonly sqcn on the surface of 
the harbor, so that the :nw :rflixted by the discharge is plninly 
determined. From es peGmoots with floats it is known that 
the sowgo trawls nearly five miles, follomiog the Western Way 
and Blsck-Rock Channel oat to the vicinity of the Brewster 
Islands. 13~ the tlimc it has trnvcllcd :I milt from the outlet 
most of the color is lost, :rod I,y the time it hils gone two miles 
(bcforc passing R&sford Ish~nd) not the slighlost trace of it 
can be dislinguished. 
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When the works went into operation, and for the first nine 
months thereafter, there were no gates near the outlet at t.he 
end of bhe discharge sewers; As a consequence the last por- 
tion of sewage from the reservoir, tilling the discharge sewers, 
tlomed out into the harbor slowly as the tide fell. This was 
the dirtiest part of the sewage, because it contained,scourings 
from the basins. By referring to the plan (Plate V.) it will be 
seen that a cove WBS formed between the island and the pier 
containing the discharge sewers. In this cove a foot or more 
of elndge accumulated. A thin layer of sludge also formed on 
the bench between the outlet and the extreme point of the 
island. This last-named deposit was only found between the 
lercls of the mid-tide and low mater. 

In winter no smell comes from these deposits, and in snm- 
mer none is noticed except during low tide. On three occn- 
sions last summer, when the wind was from the east, the 
smell was so strong as to be noticed at Sqmmtnm, n mile 
WVtly. 

In hopes of preventing, pr at least lessening, the formation 
of such deposits, a set of gates have been placed in the ohnm- 
ber at the outlet. By these the sewago filling the discharge 
sewers is held back until the beginning of tho succeeding dis- 
charge, when it is forced out into a good current. These gates 
have not been in place long enough to show how much they 
will accomplish; but, should ob,jectionnble deposits still continue 
to form on the island, it is thought that an effectual remedy 
can be provided. This will consist in building a solid bulk- 
head mall near the line of low water, from the outlet to the 
extreme easterly point of the island. Such a, structure could 
be built for $30,000. 

.No trace of the sludge has been found on the shores in any 
other part of the harbor. Very little smell emanates, from the 
reservoir in cool weather; not enongh to be perceptible nt R 
contractor’s bonrdiug-house, about 200 feet distant. In snm- 
mer the smell is more noticeable ; but not nearly so much so as 
is thpt arising from the deposits of sludge on the beach. 

As a whole the Main Drainage System works well, and no 
radical defect has been detected in any portion of it. It is not 



cluimed that, by itself it furnishes a perfect system of sewern,oe 
for the city. Many defective house-drains and common sewcr8 
still exist, nnd must in time he replaced; hut the new system 
provides :m outlet for the rest, without which other reforms 
would be comparatively useless. 

By building t,he Knin Drainage Works Boston has taken 
the first, most essential step in the direction of officicnt sew- 
erng8. 

I 
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APPENDIX A. 

RECORD OF TESTS OF CEMENT MADE FOR BOSTON 
MAIN DRAINAGE WORKS. 

1878-1884.’ 

THE Main Drainage Works chiefly consist of brick, stone, and con- 
crete mssoury. Abut 180,000 barrels of cement were required to 
build this masonry ; and to insure its stability 2nd durability it nns 
necessary that the cement should be of good quality. From the start, 
therefore, meaus for determining the qualities of all cements used or 
offered for use were provided. A room w&8 set apart fbr theseopera- 
tions and an inspector appointed to conduct them. 

The tests were devised, principally, in order to determine three 
points, uamcly : - 

1. The relative strength aud v%lue of any cement as compared 
with the average strength aud value of the best quality of similar 
kinds of cemeuts. 

2. The ilbsolute nnd comparative strength and value of mortars of 
’ different.kinds made from the same cement. 

3. The effect produced upou the strength of any cement-mortar 
by different conditious nud methods of treatment. 

This knowledge wus chiefly sought by observations of the tensile 
strength of the cemeuts and mortars tested. Rensous for adopting 
the tensile test were, that it required comparatively light strnius to 
produce rupture ; that, as it pas universally used, it afforded results 
mhich could be compnrerl with those of,other observers; aud, finally, 
because the teusile atresS is precisely that by which the mortar of 
masonry, in most cases of failure, actually is broken. 

All the particles of any cement nre of appreciable size, and its 
strength as a mortar depends on the extent to which tho particles ad- 
here, at their points of contact, to each other or to some inertsubstance. 
This adherence may he overcome aud the mortar broken, either by 
pulling the particles apart by tension, or by pushing them past each 
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other by compression. The effect upon the adhering quality of the 
particles is no1 very different in the two ope&ous ; but in the latter 
the friction of the purticles against each other must also be oveicome, 
which requires the application of very much mcwe force. Transverse 
tests are only tensile tests differently applied, nnd shearing produces 
a stress intermedinte to tension and compression. When mnsonry is 
strnincd One part of it is in tension, another in compression, and, as 
mortur yields more readily to tensile stress, failure generally OCCUIB 
by rupture of tho joints in tension. 

Briquettes for testing, with D. breaking section of one square inch, 
were nrst use{ ; but it was thought that these, from their smsll size, 
wore linbtc to be strained and injured by handling in taking them 
f!om the moulds and transferring them to the water. A larger pat- 
tern, rvith a braking section one and one-half inches squnre, or two 
and one-quarter squere inches, was finally adopted. Compar,ztive 
tests with briquettes of one inch and two and one-quarter inches set- 
tion respectively indicntcd that there was little, if any, differonce in 
their strength per squaw inch. 

Thc&.poof thebriquette adopted is shown by Fig. 2, PlsteXXVIII. 
Fig. 1 of the same plhte shows the br:~ss moulds in which the mortar 
wxs packed to form the briquettes. ‘These moulds proved very sat- 
isfactorj-. They were strong, and easily clamped ana opened. The 
clamp consisted of a piece of brass wire riveted loose in tho project- 
ing lug of one branch of the mould, and binding by friction wheu 
turned against the wedged-shaped lug on the other branch. If n fast- 
ening worked loose a single tap of the hammer would tighten it. All 
breaking loads were reduced to pounds per squrwe inch of breaking 
section hy multiplying by four nud dividing by nine. 

Before testing n cemimt its color wa8 first observed. The absolute 
color of n natural cemeut indic:ltes little, since it varies so much in 
this ~u~rticulnr. Rut, fey any given kind, vnrintious iu shade may indi- 
cate differences in the chnmcter of the rook or in the degree of bum- 
ing. With Rosendale cements n light color genernlly iudicated an 
inferior or underbnrued rook. An undue proportion of underburned 
material wus indicated in tho cnsc of Portland cement by a yellowish 
shade, and a marked difference between the color of the hard-burned, 
unground particles retained by n fine sieve and the fiimr cement which 
passed through the siere. 

The weight per cubic foot ~38 also sometimes ascertained. As this 
woulrl vxry with tho density of packin g, n stnnclwd for compnrison 
was adopted, which vns the density with which the cement would 
pack itself by &II average free full of three feet. The appnratus used 
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IS shown by Fig. 3, Plate XXVIII. Tbe cenwnt wns placed in a 
coarse sieve on the top of n galvanized iron-tube, and, the sieve being 
sba,kcn, the cement sifted through the tube into the box below. This 
box held exactly one-tenth of a cubic foot when struck level with its 
bP. 

The weights par cubic foot as determined by this method varied 
considerably with different kinds and brands of cement, and some- 
what with different samples of the same brand. The averages were 
a* folloms : - 

TABLE No. 1. 
Rosendalo . 49 to 56 pounds. 
Lime of Teil 50 “ 
Reman . . . 64 “ 
A fine-gmun’l French Porthnd . . GO “ 
English and German Portland* . 17.6 to 87 ‘i 
An America” Portland : . 95 “ 

The following table shows the effect of fine grinding upon the 
weight of cement. It gives the weight per cnbio foot of the came 
Germnn Portland cement, contnining different percentages of coame 
particles, as determined by sifting through the No. 120 sieve : - 

TABLE No. 2. 

It was soon diseovcred that there we8 no direct ratio between 
weiiht and strength. As a generul rule, sohject to exceptions, 
heavy cement, if thoroughly burned and fine-ground, was preferred 
to light cement. Fine-ground cements were lighter than coarse- 
groond and nmlcrburned rock lighter than well-burned. While color 
and weight by themselves indicated little, yet, considered together 
and also in connection with fineness, theJ ennbled the inspector to 
guess nt the character of s cement, and suggested reasons for high 
01‘ low breaking. A cement which was light in color nod weight, 
and also coarse-ground, wonhi he viewed with suspicion. 

The test of Boeness, which follomed, was considered of great 
imporlnnce, aa showing the qonntity of nctnnl cement contained in B 
barrel, and its consequent value. Small scales were used, made 



for this purpose by Fairbanks & Co. One-quarter of a pound’of 
the sample was weighed out and pnssed through the sieve. The 
cozme particles retained’ by the sieve were returned to tbe scales, 
whose balance-beam carried a movable weight, and was graduated 
in percentnges of one-quarter pound. The percentage of coarse 
pa?ticles retained’by the sieve could thus be read directly from the 
beam: 

Standard sieves, varying from No. 50 to No. 120, were used. The 
number of meshes to t,he lineal inch in any sieve is commonly sup- 
posed to correspond with its trade number. As sold, however, they 
vary somewhnt, and the number of wirei is generally less, by about 
ten per cent., than the. number of the sieve.. A No. 50 sieve com- 
monly has about 45 meshes to the inch, and z No. 120 about 100, or 
a few more. In important contracts, where a certain degree of fine- 
new wm called for, it was customary carefully to compnre two sieves 
and retain one, which wns specified as the stnndard, while the other 
wa8 delivered to the mnnufncturer for his guidance. 

In nccordauce with common practice the No. 50 sieve was iirst 
used. It w:m soon discovered, hdwever, that so coarse a. sieve did 
not always give a correct indication of the fineness of the cement. 
This was especially true of Portkmd cements. Some brands, chiekly 
German, ivere evidently bolted by the manufacturers with special 
reference to tests by tbis sieve, in which they would leave no re- 
siduum. Yet the bulk of such cements, while containing no very 
coarse particles, might prove quite coarse when tested by the No. 
120 sieve. 

It is obviods that pieces of burned cement slag one-fourth of an 
inch in dinmcter would have no cementing quality, and the same is 
true of particles one one-hundredth of an inch in diameter. At pro- 
cisely vhnt smnller size the pnrticles begin to act as cement it was 
impossible to determine. .Those retained by a No. 120 sieve, in $hich 
the open meshes are zpproximntely one two-hundredlh of en inch 
square; were found to have eomc slight coherence, even after washing 
to remove the finer floury cement which was sticking to them. It wee 
also found that the No. 120 sieve was about as fine a one as it wee 
practicable to use, on account of the time required to sift the cement 
through it. It wi18, therefore, adopted as R standard. 

Assuming (what wz~8 only npprosimntely verified by experiments 
on tensile Ytrength) that only what passed through this sieve had real 
value as cement, and thnt the rest VW not very different from good, 
sharp sand, the difference in the quantity of actual cement obtained 
in purchasing barrels 60 and 90 per cent. fine, respectively, is shown 
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by Figs. 9 and 10, Plnte XXVIII. This has an important bearing 
on the proportion of sand to be added in practical use; for when 
mortar is mixed for WC iu t,he proportion of one barrel of cement 
to two of sand, if there be nine parts of cement and one of sand in 
the barrel of cement itself, the nctnnl proportion in the mortar will 
be .9 to 2.1 or 1 to 2.33. If there be only six parts of cement and 
four of sand in the barrel of cemeut the resulting proportion in the 
mixture will he .F to 2.4 or 1 to 4. 

Fine cement can be produced by the manufacturers in three mnys : 
by supplying the mill-stones wit,h comparatively soft, underburnt 
rock, vhich is easily reduced to powder ; by running the stones more 
sloruly, so that the rock remains longer between them ; or by bolting 
throngh a sieve nud ret,oruiug the nngronnd particles to the stones. 
The first process produces an inferior qnality of cement, while the 
second and third add to the cost of manufacturing. 

The extra cost, as estimated by n firm of English mnnufacturers, 
of reducing n Portland cement from an average of 70 per cent. fine, 
tested by No. 120 sieve, to 90 per cent. fine, was 18 cents per barrel. 
The price at which 5,000 barrels of their ordiultry make, 70 per cent. 
fine, were offered, delivered ou we work, mile $2.82. per barrel. The 
same cement, ground 88 per cent. fine. ~a~ delivered for $3 n barrel. 
On the foregoing assumpliou oC the value of iiue and coarse particles 
the city, by accepting t.he first offer, tiould have obtained in hulk 
3,500 bsrrels of actual cement and 1,500 barrels of sand for $14,100. 
By wccptiug the second offer it obtained in bulk 4,400 barrels of 
cement aud GO0 of sand for $15,000; that is, the 900 ndditional 
barrels of cement cost $1 a barrel. I’:xperirnents illustmting the ralne 
of tine grinding, and further comments, will be given Inter. 

Tests were made both of neat cement and of cement mixed with 
sand in different proportions. The latter were preferred, because tl!ey, 
shoved the strength and value of the mortllrs used in actual work. It, 
was found also that the strength of briqnettes made of nest cements. 
did not always indicate the capacity of these cements to biud sand, 
or the strength of the mortars mnde with them. This is illustrated 
by experiment No. 10, on page 127. 

The grater the proportion of sand in the mortar tested the more 
accurately was the actual cementing quality of the cement indicated; 
As, however, very weak mixtures took a long time to harden, and were 
liable to iujnry from hnudling, one part cemcut to three parts sand 
was adopted as the usual mixture for testing Portland cements, and 
one to one and one-half or two for American cements. Occnsioually 
when teatiug large quantities of SO~CI well-known brand, the object 
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being to 888 that a uniform strength was mnintained, it wns found 
sufficient,’ and simpler, to omit the sand and make the briquettes 
of cement only. 

In making mortars for testing, rather coarse, clean, sea-bench saud 
was used. 

The subsequent strength of the briquettes depended largely upon 
the amount of water with which they were gauged. The highest re- 
suits were obtained by using just enough water thoroughly to dampen 
the cement, giviug the mnss the consistency of fresh loam, nhich be- 
came pasty by working with a trowel. For ordinary testing sutticient 
water wns added to make :L plastic mortar, somewhnt stiffer than 
is commonly used by masous. Different cements varied ‘in the 
amounts of water needed to produce this result. As a rule American 
cemeuts needed more wuter than Portland, tiue ground more thnu 
coarse, aud quick-settiu g more thxn more slowaetting cements. 
Experiment No. 9, page 127, shows the cbmparative strength of mor- 
tars gauged with diRerent percentages (in weight of the cement) of 
wnter. The stnndnrd adopted wns 25 per cent. for Portland cement 
and 33 per cent. for Rosendnle ; but these amounts were increased or 
diminished by the operator to suit the circumstances, his nim being to 
obtuiu mortnrs of unvnrgieg cousistency. 

The way in which the test briquettes were made was as follows: 
the moulds, having been slightly greased inside to prevent the mar- 
tar sticking to them, were plnced on a polished marble slab. This 
sopport for them wns used because it was easily cleaned and the mor- 
tar did not stick to it. Experiment No. 6, page 124, shons that the 
use of porous or of non-porous beds to support the moulds does uot 
mnterinlly xffrot the strength of the mortars. The requisite amounts of 
cement and snnd for one briquette were weighed out and incorporated 
dry in a mixing-pan. The proper amount of writer wae also weighed 
out and added, and rhe mnss worked briskly with a smnll trowel until 
of uniform consistency. A brass mould was holf filled rvith the mor- 
tar, which was rammed into place by the operator with a smnll wooden 
rammer, in order to displace any bubbles of air which might be con- 
fined in it. The mould wa8 then filled to its top with the remaining 
mortar, mhich wa8 in turn rnmmed down. Finally the mortnr was. 
struck even with the top of the mould nnd given a smboth surface 
by the trowel. 

The amouut of mortar packed in the mould, nnd the consequent 
density of the briquette, would vary with any rariatiou in the degree 
of force exerted by the operator iu ramming. This variation was re- 
duced to a minimum by always miuin, a D fixed amount of mortar, 
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which was barely more than sufficient to fill one moold. Irregularities 
in ramming would thus be detected by variations in the amount of 
surplus mortar, and could be checked. An attempt wns mi~de to 
do away wholly with this element of uncertainty by pressing the 
mortar into the moulds vith cert,ain fixed pressures. Apparatus nas 
devised and used for this purpose, bnt was finally abandoned on nc- 
count of the leogth of time required for its use. 

The initial energy of the cement- that is, the length of time after 
mixing before it “ set ” -was determined by noting the length of 
time before it would bear ‘tic the light wire” of & inch in dinmetel 
loaled with $.-poimd weight, and also ii tire heavy nix” & inch in 
dinmetcr loaded with l-pound weight. At the former time the cemeot 
was said to have begon to set, and at the latter it was entirely set. 
Different kinds and brands of cement varied greatly in the time after 
mixing when they would bear the wires. Some brands of English 
Roman cement would set in two minutes, and some of Portland re- 
quired over 12 hours. Cold retarded the setting, and fresh-ground 
cements set quicker than older ones. No direct relation mas estab- 
lished between initial energy nod sobsequent strength. By judicious 
mixing of quick 2nd slow setting cemeots a mixture could be ob- 
tained which would set within any desired period. 

As coon as the briquettes mere bard enough to handle without injury, 
which, with different cements sod mixtures, varied from five mioutcs 
to twelve or more boors, they were removed from the moulds and 
placed in nombwed pans filled with mater. Before removal each 
briquette bad marked open it, with steel stamps, the nxma of the 
cement, date of mixing, and a number by which it could be further 
identified. The inscription might rend thus: - 

“ Alsen l-3. Mzy 17, 1880. 47.” 

Records were also kept in books and on blanks provided for the 
purpose. The briquettes were kept in the pans, covered with water, 
until they were broken. Their age vhen broken varied from 24 bows 
to five ykars. 

In testing R rvell-known American cement, of generally uniform 
quality, if it were bn object to save time, the comparative evcellcoce 
of the samples could be sufficiently determined by n 24 hours test of 
briquettes made of neat cement. Under similar conditions neat Port- 
land cement could be tested in seveo days. To test mortar of either 
kind of cement took a week, or, better, n month ; especially if there 
was a lih&d proportion of sand. 

The probable v&e of an untried brand of cement could hardly 



be nscertnincd with ccrLninty in less than a month, and not elwnys 
then. To illustrate the occasional need of long-time tests, a case may 
be cited. 

A new brand of cement, made by some p&tent process, was offcrcd 
for nse on the work. When tested it set up well, and nt the end 
of a week the neat cement had n tensile strength of 184 pounds per 
square inch. In n month this had increased to 2G7 pounds, indicating 
a strength equal to that of a low-grade Portland cement. At this 
time there was nothing in the nppearnnce of the briquettes to indicate 
any weakness. Yet, after about six months, they fell to pieces, and 

: bad entirely lost their cohesive quality. 
The hriqncttes were broken by R mnchine made for the Department 

by Fairbanks & Co. It worked vith lovers, acting on n spring bal- 
auce, which was test,ed from time to time, and fonnrl to mniutniu its 
tXC”lXCy. 

During the progress of the work the following brands of cement 
mere snbmittcd for npproval, and were tested with more or less thor- 
ough”ess : - 

Old Xcwnrk, Newark and Rosendale, Norton, Hoffnnm, Old Rosen- 
dnlc, New York and Rosendale, Lawreuceville, Rosendale, Arrow, 
Kentor, IIowc’s Cxvc. Rock Lock, Enffalo, Comberland, Ronnd Top, 
Selenitic, Vornholer, Star, Dyckerhoff, Alsen, Bemmor, 13onnsr, 
Onsard, Rurhnm, J. IS. White, Knight, Bevan & Sturge, Brooks, 
Shoohridge & Co., Lcavitt, Grand Float, Diamond, Spanish, Red 
Cross, La l’srge, Lime of Teil, Saylor, Coolidge, Walkill, Cobb, 
nbhtt. 

The following is :I record of the more instructive tests made for 
experimental purposes. Nearly all of them were made aith special 
rcfewncc to the work then in hand to elucidate some practical qnes- 
tions affecting the purchase, testing, or use of the cements needed for 
building purposes. Tho nnmes of the brands of cement tested in the 
serernl experiments are generally omitted. This is in order to avoid 
any unwarranted nse of the results ns recorded. 

The fignrcs given in the tables always represent average hi-caking 
10x1s in pounds per sqnnre inch of breaking section. 

Of nsturnl hmericnn cements the Roscndnle brands (ei called) are 
the only ones ,rvhich iind a sale in the Hoston mnrkct, and they were 
chiefly nsed on the work. Imported Portlnud cements were also 
largely used. It was important, therefore, to ascertain the actual and 
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comparative strengths of these cements. ‘The following table gives 
results compiled from about 25,000 brexkings, of 20different brands, 
and fairly represents the average strength of ordinary good cements’ 
of the two kinds. Some caution, however, is necessary in using the 
tahte ILS a standard in which to compare otiler cements. Quick- 
setting cements might bc stronger in a d+y or week, and show less 
incwnso in strength with time. Vine-ground cements nould probably 
give tower results tested mat, and higher ones with liberal propor- 
tionn of sand. 

TABLE No. 3. 

The table is instructive in several mnys. It shows that Portland 
cement acquires its strength more quickly than Rosendale ; that both 
cements (but especially Rosendale) harden more and more slowly as 
the proportion of snnd mixed with them is increased ; that,, mhereas 
neat cements and rich mortars attain ncnrly their ultimnte strength in 
six monlhs or less, week mortars continue to bnrden for a year or more. 
The tnble sborvs the mlvnntnge of wailing as long as possible before 
loading mnsonry structures, and the possibility of saving cost by using 
less cement when it can have ample time to bnrden. It also shows 
that Portlnod cement is especially useful when heavy strains must be 
withstood within n neck. 
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EIPERIXIENT No. 2. 
These series of tests are like the preceding ones, except thnt a 

single brand of cement was used in making cnch. The merage 
breaking loads per square inch were obtained from n less number of 
briquettes (about 500 in all) ; mortars with larger proportions of sand 
were included in the series, and the tests were extended for two years. 

Age when 
. Broken. 

One week 

One m”“th 

Sixmonths. 

Two years 

The tables show that considcrnble strength is acquired in time, even 
‘i&n a very large proportion of sand is used ; also, that most mortars 
incrensc very little, if any, in tensile stwngth after six months OL’ a 
year. They become harder with time, hot also become more brittle 
and probably less tough. Specimens of mortar two years old, or 
more, break very irregularly. 

l’:xPERINENT No. 3. 

The rate nt which Rosendale and Portland cements, respectively, 
increase in strength during the first two months after mixing is very 
different, and has some bearing on t,heir use, and more on the inter- 
pretation of.tests of them made within that period. The curves (Pig. 

. 

-. 
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1, Plate XXIX.), which indicates this rate of increase, were compiled 
from tests with neat cement. It is probahlo that tests with mortar 
would give somewhat similar rcsolts. By comparing the two CUL‘WB it 
allies that after 24 hours Rosendale ccmcnt has about three-fourths 
of the strength of Portlxnd. While the latter increases greatly in 
hardness dnriog the nest few dny~, ‘the energy of the former becomes 
dormant, so that at the end of n week the Portlnnd cement is more 
than three times as strong ns the Rosendale. During the second 
week the Portltu~d cement increases more slowly, and the Rosen- 
dale continues newly quiescent. At about this period, nnd for the 
next six weeks, the Rosendale cement gains strength, not only rela- 
tively, but actually faster thnu the Port~land, so that when two months 
old the former has one-half the strength of the latter. After two 
months the relative rate of increase and the comparative strength 
of the two cements remain nearly uuchsnged. A series of tests with 
:L I~uffnlo cement, and one with a Cumherland cement, gave results 
simil:ir to those with Rosendale cement. 

For making tests it is not nlwnys convenient to obtain sand of uni- 
form size, and still less so to obtain such sand in snfficient quantities 
for use ih work. The curves (Fig. 2> Plate XXIX) record some tests 
made to determine the effect of fineness and of uniformity of size 
in sand upon the strength of mortars made with it. 

The curves show that for compnrative tests it is ndvisnble to have 
sifted snnd of nearly uniform size ; that mortnrs made with coarse 
sand are the strougest, and that the .tinor the sand the less the 
strength. It also xppezws that mixed sand, i.e., unsifted sand con- 
taining a mixture of particles from coarse to tine, makes nearly as 
strong a mortar as coarse or medium coarse sand. For use in work, 
therefore, it is well to avoid fhx sands; but it is not necessary to 
have snnd of uniform size, or to sift out :L moderate proportion of 
fine particles. 

As some experimenters on cemeut use a test briquette with a break- 
ing section of 1 squnrc inch, 2nd others one with a section of 2& 
square inches,, the following experiment was made to determine the 
difference, if any, in the strength acpircd by the same mortars 
moulded into briquettes of these different sizes. Two series of tests 
were UUde. in the same way, with the same mortars. In one series 
the briquettes had a breaking section of I square inch, and in the 

. 
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other the section wa8 2$ square inches. The results nre given in the 
followins table, in which ,the figures represent braking loads in 
pounds per square inch, aud are averages from five breaking8 : - 

TAHLE No. 5. 

ILOBDNDALE osnem. POBTLAND oersm. 

Ncht oemout. pg$ cep;,, Cgeydy\,;j 
__-__ 

4 $ j-id; ‘j$$+s 
2 g 

2% s a 
p;; gi 6;;; 

MHti.2 *Ho H-Y -rlP 

,-inch section. 49 53 L5628G 27 53 236 3094(iOF57 60 06 lib 

a*-inch Section . 45 78 175?58 27 62 811 547391578 07 1082Y” 

As is usual, the breaking loads are somewhat irregular, the inob 
section oxcelling at some points ilud the larger section at others. 
‘rho experiment, however, seems to indicate that neither size will, as 
a rule, give higher results than the other. 

EXPERMENT No. 6. 
Some erperipw~ters have thought it important to place the moulds 

in vhich the mortar is p&kod for testing upon a porous bed, soch :LS 
blotting-p:rper or plaster. Others use n non-porous hed of glxss. 
slate, or marble. The following series of tests were made to diu- 
cover the effect of these different modes of treatnxot. The figuws 
iu the tables represent breaking loads, in pounds, per square inch, 
and are avwages of abouL ten breaking* : - 

‘l’an~.~r No. 6. 
LL”SnNII*m O&IENT. 

Mixtwo. ( 



S;md, 1.5 Plaster 

Cement, 1 Mlar,,,e 

Mirfe~e. 

Cement, L 
Sand, 1. 

cement, 1. 
Snnd,2. 

Cements, 1 
Sand, 3. 

Cement, 1. 
Sand,4. 

Cement, 1 
Sand,6. 

- 

-. 

-. 

= 

&Inking allowance for a few irregularities, it appears from the fore- 
going tables that the use ‘of a porous bed gives slightly higher 
results fir the first one or two months, but that the difference disap- 
peers or becomes insigniAcant with age. 



EXPESRIMENT No. 7. 
It is a well-recognized fact that in experimenting with cements, even 

when great care is exercised, individual specimens break very irregn- 
larty, and that results even npproxitiately eouforming to tbcory can 
only be obtained from averages from a large number of bwakings. 
The pors6oal equation of the operator, and the degree of force with 
mhich he presses the mortar into the moulds, is ooe factor in pro- 
ducing irregolar results. To do away with this a machine for pxkiug 
the monlds was devised and used for ft time. By this the mortnr WRS 
lxcssed into the mootds by :I metallic plunger, :x!ting with definite 
prcssnres, varying from 50 to 400 pounds. 

Ttx mncbioe-made briquettes broke with somewhat greatcr’oni- 
formity ttnn hand-made oues. So much more time was required to 
make briquettes with this machine that it was found to bc implacti- 
cable to employ it for geuernt use. 

EXPERIMIENT No. 8. 
Ry the sea it is frequently convenient tomix morthrmith salt-water. 

Urine is nlso used il; winter ns n precaution xgainst frost. This 
experiment mns made to obtain the comparative effect of misiug 
with, and ionnersing in, fresh and 883 water respectively. The tests 

were made upon a Roseudnle mortnr, mixed one pert cement to we 
part send, and BU English Porttnnd mortar, one part cemcrlt to two 
parts sand. The Ogures are averages of about teu brenkings, uud 
give the tensile streogth in pool& per square inctr witb the ditlerent 
methods of treatment :tnd nt different ages. 

Except for somc irregularity in the brenkings for one year (mbioh 
mny bavc been due to the mnnipulntion), the tuble indicates that salt, 
either in the water osctd for mixing or that of immersion, has no iupor- 
tmll effect “]~00 tile strength of cement. sntt-mnter retards the lirst 
set of ceme,,t so,rlewtmt. 

T*wx No. 7. 

““““““.4”EIOE$,NT N0”TA”, POILTLANU @EDLENT mn**n, 
1 TO 2. 

Broah wntor. BE”h. Salt. Salt. xiredrith. mea,,. Proah. Sn,t. Sd‘. 
_- 

Braah water. 8;,11. Fresh. mt. Imnxr*cd ill. Fresh. sdt. rlosh. Bdl. 

.10 48 50 (il One wwk 16, 122 152 148 
12c 1Hh 114 12,: Onr mmtll 215 19, eos em 
BI, 260 543 “24 six nlnntlm 914 246 
YI” 217 i,“% 263 2?4 217 One year 342 PYI 346 
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ESPERIXE~T No. 9. 
This rvas a~ experiment to determine the relation esistiog hctween ’ 

the stiffness of cement mortar when first mixed sod its subsequent 
strength. The stiffness depends on the proportiou of water used in 
mixing, and varies somewhat rrith diliiercnt cements. N:rtor:d Ameri- 
can cements take up more water thnn Portland cements, nnd fine- 
ground more than coarse cemeots. Msnv series of tests lxxring on 
this point vere mnrle. The results obtnined from two of the more 
complete series nre shown hy the corvx on Plate XSS. The cements 
used in these tests vwe a rather co:~rse Eogtish Portland and a fair 
Roscodnle. Each of the points in the corres represents no nvernge 
froom about ten lxiqoet.tes. The cements were tested neat, nnd the 
amounts of wxtw IISC~ mere different pc~centqp, by weight, of the 
amowts of cement. The resulting stil?ness of mortar is indicated 011 
t.he curves. This v:wicd from the coosisteucy of fresh loam to a flnid 
grout. The time of settling is grextty ret:wded by tile addition of water. 

The curves shorn tint from 20 to 25 per cent. of water gives the 
best results with I’ortl:und cement, rn~d from 30 to 35 per cent. with 
t<oseudate ; tbnt the differences in strcogth doe to the amount of mater 
we considernblc nt Rrst, trnt diminish gxxtty with age ; that the soft 
~rmrtars, crcn when somiltoid, tikc grout, nltnin cousidcrablc atrcngth 
io tirnc. 

I.kPERIIIIENT No. 10. 
From the first it wxs obserrcd ttut fine-ground cemeots were less 

strong when tested neat, &I st~ronger wheo mixed with Saud: than 
wci-e co:uxe cements. A fev exnmples of this nre given hctow. In 

the first table n cousc Englistl Portlnod cement is compnred with n 
line-gronnd Freuctl Portland. The per cent. of ench rctnincd by the 
fine No. 120 sieve ie given, and the lcusilc strength, ill pounds, per 
square inch at the end of scaeo days. 

TABLE No. 8. 

mrts of S”llll 1” I ,mt Ol 
For Cont. Conlust. 

Kl”d Of oemcnt. reIdned by 
NO. 12” Sieve. 0 2 3 4 5 

English Portlancl ni 319 126 89 a 13 

Flcrlcll Portland 13 318 205 130 II4 86 
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Such examples could be multiplied. Genmw Portland cements 
vere commonly finer ground thnu English, nod, ae B rule, were uo 
stronger or less strong, tested neat, but were much stronger with 
liberal proportions of sand. In the following table two lots of the 
smne brand of English Portlnud cement are compared. The co~rae 
cement wa the ordinary mnkc of the mauufeeturers ; the fine cement 
differed in no particulur from the other except that it was ground 
more slowly and finer to meet the requirements of a special agree- 
ment. The age of the samples when broken was 28 days: - 

TALILE No. 9. 

Pnrta or end to 1 part ot 
PC, ocnt. csnmt. 

mnll “f Cement. rctnioed by 
NO. 110 meve. 0 3 6 

Ordinrry Cement 36 403 105 II* 

Fine-ground Cetncnt 12 301 180 $6 

IXfferent brnnde of Rosendale comcnt vuricd considernbly in their 
finenees. Those of the best reputation would lcnve from 4 to 10 per 
cent. residuum in the No. 50 sieve ; other brands vould leave in the 
Sun‘2 8iWC from 10 to 23 ,‘W cent. In tbo following table is com- 
pand the svernge tensile strength obtnined from experiments wit11 
three of the finer-ground bmods, nnd also with three other brands of 
good reputation, but more cowsely ground. The nge of the speci- 
mens wits out week : - 

Tnms No. 10. 

Porla or Fad to 1 pnrt Of 
1% Cent. Ccmcnl. 

lillld Of ccmont. rELnl”cd by 
x0. 50 Sieve. 0 1.6 2 

Fine Iloscnddc G 02 41 25 

-- 
conrse I<“scnrlnle 17 98 28 16 

The foregoing experiments show th:tt it is impossible, by tests on 
the tensile strength of wxt ceuxots alone, to judge of their mlue 
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in making mortars, for practical use ; also, that fine-ground cemeuts 
make stronger mortars than ,do hoarser ones. 

A uumber of series of tests were mnde of cements which had beeu 
sifted through sieves of different degrees of fiueness, and had tbereb) 
hnd differout percentages of course particles removed from them. 
The results from these experiments mere quite uniform, and showed 
that, in proportion es its conrse particles were removed, a cement 
became more efficient for making mortnrs with send. The following 
table gives the results obtained from one such series of tests made 
with au English Portland cemcnt. In the e<periment comparisou is 
made between the strength of inortnrs made with the ordinary cement, 
unsifted, as it came from the barrel, and those made with the same 
cement nfler having been sifted through Nos. 50, 70, 100, and 120 
~&es, which, rxkpectirely, eliminated more end more of the cosree 
pnrticles. The per cwt. of pmticles which would still be retained by 
the fine Ea. 100 sieve, after sifting through the conrser sieves, is 
giveu in the second column of the table. There is included in tho 
tnble all extra coaree cement, which wus made 80 byadding to unsifted 
cement n certain amount of the conrse particles t:rkeu from the sifted 
cements. ‘The tensile strength is given in pounds per square inch. 
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in a similar series of tests with Roscndalo cement mort:~rs the 
increase iu strength obtained by substitutiug fiue for oonrse particles 
in the ceuxut W:LS I~IICII less marked. The cowse particles wore 
softer than those from Portland cement, nnd had, in themselves, some 
poner of cohesion. As previous tests +I shown that fine-ground 
Roseudale cements were stronger, with sand, thnn coarse-ground, it 
wus nssumcd that the superiority was duo not so much to the nbsence 
of palpsbly conw2 particles, 88 to the faot thxt the bulk of the cemeut 
11.u~ more floury, and thus better ndnpted to coating nud binding the 
particles of snnd. Probnbly natural Americnn cemeut is ns much 
improved as is Portland cement by fine grinding; but in the case of 
the former there would uot be the snmc relative adrantxge in bolting 
out the conrse pnrticles nfter~grindiug. 

The followiug series of tests may beof interest on accouut of the 
age of the specimens. The mortars were made with an English 
Portland cement, both unsifted as tnken,from the cnsk, nnd also 
uftcr it had been silted through the No. 120 sicvc, hy which process 
about $5 per cent. of coarse particles wu4 climiunted : - 

TAULE No. 12. 

NS.T CZXE6TB. Cmmwr. I ; **ND. 2. CEUEHT, 1; snnn. 5. 
Kmm OF CBIBNT. 

2 Yunrs. 4 Yenm. 8 Ycnrs. I l-errs. 2 Ymra. I Ycnra. 
____- __-~ 

Ordinary Cc”,cnr, U”. 
sifted fill:< 38i :,.%I 495 182 202 

Cement which ,xused 
X0. 120 Sieve 374 ?I, 478 680 ?50 %I 

This table nlao shows that fine cements do not give ne high K- 
SoItS, tested ncnt, x8 do cements containing coarse particles, even 
coarse particles of sxnd. Tt also shows (what is often not,iccd) thxt 
ncnt cemeuta bccorne brittle with age, :rnd are npt to fly into pieces 
under comparatively light loads. 

The series of tests which follow VW. u~ade for the puq~osc of RS- 
certniuiug vbnt r:rluc, if nny, for ccmcntiug purposes, was possessed 
by the hard, conrse pwticles of Porthund cement. Mortars were 
made with au ordinnry English Portland cemeut, nnd comlx~red with 
similar mortars made with the snme cement, after sifting through the 
No. 120 sieve, which retnined 33 per cent. of conrse particles.. 
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4t 4 3-k 3 2-k 2 
PARTS Of SAND TO ONE PART Of CEMENT, 
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T.UX.E No. 13. 

As usual, the. coarse cement wit stronger neat, and weaker with 
sand. Assuming that the 33 per cent. of coarse particles retained 
by the sieve hnd no value :M cement, acting merely as so much sand, 
and assuming also that nil which passed through the sieve was good 
cement, it follows that the ordinary onsifted cement with two parts of 
sand, made n mortar in winch the proportion of real cement to sand 
mm .76 to 2.33; or nbont 1 to 3.5. Hence the mortar made with 
fine cement xnd three parts of sxnd sho&l be as strong, or a little 
stronger, thnn that made with the comse cement and t.vo prts of 
sand. It will be seen tlant the results in the tnblc sustain the assump- 
tiou rcry well. 

If, then, the cowse particles :we nssnmed to act merely as so much 
sand, it will not lessen the etliciency of the cement to rcmovc its 
coa1’se particles, and to snhstitntc actual sand in their place. This 
wns done in making the following series of tests. One set of bri- 
quettes NDS made mith ordinary cement, nnd another set with the 
~nme cement, from which 33 per cent. of conrse particles had hew 
removed and replaced with fine sand. 



n 

These briquettes refused to break in accordance with the theory, 
and the assumed hypothesis was cot verified. It is evident that, for 
making mortar, the coarse.particles of Portlsnd cement are superior 
to ordinary sand, but much inferior to fine cement. In the mortars 
made with the cement in which the coznse particles had been replaced 
with fine sand, the real proportions of cement to sand were 1 to 3.5 
and 1 Lo 5. It will be noticed tbnt the tensile strength was not re- 
duced iu like proportion. 

EXPERIMENT No. 11. 

While building masonry laid in American cement mortar it is somo- 
times desirable to increase the strength of the mortar temporarily or 
in places. Rich Portland cement mortars are expensive, and those 
with large proportions of sand are too porous for many pwposes. 
The desired strength csn be gained by wing, instead of the simple 
American cement, the same cement mixed vitb 8 pcrcentnge of strong 
Portland cement. 

The following series bf tests was designed to ascertziu the compara- 
tive st,rcngth of mortars made with a Rosendale cement, nn English 
Portland cement, and also B mixture composed of equal parts of 
esch : - 

In the foregoing tests the mortar made with mixed cement had &II 
unexpected strength, approximating to that of mortar made with pure 
Portlad cement. In the following series of tests of mortars made 
with lime of Teil, n fine-gronod French Portland cement, and the 
limo and cement mixed, the strength of the mortnr made with the 
mixture is almost exactly 3r mean between thoso of the other two mor- 
tars, ns nlso the cost of the mixed cement is n mean between the costs 
of Ox other two. 
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TABLE No. 16. 
- 

xud of Mortnr. 1 Woe%. 1 Month. 8 Month. I Tmr. 

Lime of Teil, 1; Sand, 2. 40 65 150 1% 

Lime of Teil, 0.5, 
Portland Cement, 0.5, Smd, 2 1 

100 185 235 290 

Portland Cement, 1; Sand, 2 I70 2m 360 365 

The best Portland cements sometimes do not set within an hour, 
which precludes their use for met-work. In such cases quick-setting 
‘cement should be added to them. Roman cements can be procured 
which will set in from one to five minutes. Mixlures of Roman and 
Portland cements were often used on the Main Drainage Works. Such 
mortars would set about ns quickly as if made vith Roman cement 
alone, sod would acquire groat subsequent strength, due to the Port- 
land cement contained in them. This vans proved bs many experi- 
mental tests. 

It is probable that mixtures of any good cements can be used with- 
out risk ; but before adopting any novel combination it vonld be wise 
to test it experimentally. 

E:x~~kmm~r No. 12. 
Engineers are accustomed to require that only clean sand and water 

shall be used in maki~ng mortar. Occasionally these requirements 
erluse delay and extra expense. This experiment was designed to 
ascertain how much injury would be caused by the use of sand con- 
taining moderate proportions of loam. In mixing the mortar for 

-these briquettes, sand contnining 10 per cent. of loam w&a used in the 
place of clean sand. Each figure in the table is an average (in pounds 
per square itich) of ten brenkings. 

Tnum No. Ii. 

IIOSBNI~ALII DIMBST, 1 : SAND, 1.5; ,,o*lir, .I,% 

One We&. clue Month. 8iX Months. One Penr. 

21 46 200 ‘221 

The tests do uot give very decisive results. For one meek and one 
month the breaking loads are not much more than one-half what 
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woold have been expected with clcau snnd. For six months nnd a 
yew they :LVZ folly equal to ordionry mortar. 

This osperiment wns similar to the foregoing one, except thnt clay, 
instead of loam, was added to the mortar. Clxy, when dissolved or 
pulverized, consists of an almost impalpable powder, with particles 
fine enough t,o fill the interstitial spaces nmoog the coarser psrticles 
of cement. By ndding clay to cement mortar n much more dense, 
plastic, and water-tight lx~ste is produced, which was occasionally 
found conrenicnt for pbmteriug srvfnces or stopping leaky joints. 
&:ach figure in tbc Portland cement series of tests is an nveragc from 
about fifteen briquettes ; those in the Roseudale cement series are 
averngcs from ten briqncttes. 

. 
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It wits fenred that the presence of cln~ in mortars exposed to the 
weather might tend to make them absorb moisture and become disin- 
tagmtcd. To ascertain whether this would be so, sets oft briquettes 
were mrtde, one set of Portlzmd cement ,znd sand only, the other con- 
taining also different amonnts of clay. They were allowed to harden 
in water for a week, and were then exposed on the roof of the office 
building for two and one-hntf years, when t,hey vera broken. All of 
the briquettes appeared to be io perfectly good condition, with shn!p, 
hard edges. Their nvernga tensile strengths in pounds per square 
inch are shown in the followiog tnbte : - 

TIl<I.E No. 19. 
Portlsnd Cement, 1; Sand, 2 402 

“ “ j‘ airy, 0.6 262 
f# ‘3 /‘ 0 1.0 2% 
“ cc “ “ l.85 182 
*, ‘8 /‘ #, 2.0 : 178 

‘The mortws with clay show B very fsir degree of strength, .nnd the 
tests coofirm the belief that the presence of clng works little, if any, 
harm. Tests of mortars made vith time and cley ntso gore f;rvoruble 
resntts. Such mortnrs wootd stnnd np in wter. Thr sobjcct is 
worthy of forther investigation. 

EXFERIMEBT No. 14. 

Occasionally, for stopping leaks through joints in the sewers, it 
WZM found convenient to use cement mixed with melted tallow. The 
‘tallow conga&d nt once zmd held tba mntar vhile the joint was being 
c&Iliad. 13riqnettes mnde of melted tallow mixed with Portland ce- 
ment and sand, equal puts, ncquired io 1 week, a tensile strength 
of ubout 40 pounds to the inch. After IL mouth, six months, nod a 
year, t.hey ware little, if nny, stronger. It wns thought that possibly 
the ammonia in t,he sewage might gradonlty snponify qnd dissolve out 
the grease, leaving the mortar to harden by itself. Briqoettcs of 
cement nnd tallow ware kept in wster. to which n little nmmonin vns 
added from time to time. After a ywr or two the briquettes had 
swatted to about donble,their furmer size, but the cement had ncquired 
no stlmgtl1. 

EXPERIJIENT No. 15. 

ILxving occnsiou t,o build ,with concrete a large monolithic structure, 
in which n flat wall would be subjected to transverse stress, it WBS 
considered mxessnry to~make experiments, to find the comp:lrzltiw 



resistuuce to such stress of concrete mxde with different cements aud 
with different proportions of snnd uud stone. 

The cemeuts used in tbc tests were an Euglisb Portlnud aud a 
Rosa,ndele, both good of their respective kinds. Medium course pit 
sand was used, and scrocned pebbles about au inch or less in diameter. 
The beams were ten inches squura and six feet or less long. They 
were made in plxnk moulds resting on the bottom of B gravel-pit 
about four feet deep. After the concrete had hardened sufficiently 
the moulds were removed, and the undisturbed beams buried in tbe 
pit and left for sir months exposed to the weuthw. They were then 
dug out and broken, with the results given in the table. The tots1 
breaking loads are given, including one-half 3f tbe weights of the 
beams, which averaged about 150 pouuds per cubic foot. The cou- 
stant, c, is obtsindd for the formnln : - 

, “a = centre tm,king load in pound*. 

Since c bus nu average vnloe, and there were generally more beams 
of me iength then the other, tha value of c RS given does not exactly 
correspond with aithcr load in tba tuble. 

TAHLF: No. 20. 

“ 1. 3 7 Beams broke in hrmlling. 

PortbmL I 3 7 3,926 1,Wl;i 

cc I.. 4 8 3,648 

I‘ 1.. 6 11 2,822 1,180 

Tbe tnble shows thnt concrete has n rnther low modulus, espccinlly 
when msde’of Roseudalc ccmcut. When trnnsvel-sc stress is to hc 
opposed it is very importnut to give nmplc time for the coucrete to 
harden. 
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EXPERIMENT No. 16. 

Many of the main drainage sewers were either built or lined with 
concrete, which was always smoothly plastered with B coat of mortar. 
It was important that this surface coat should be especially adapted 
to resist abrasion. This experiment was made to ascertain the best 
mixture for tho purpose. Different mortars were formed into blocks 
I+ inches nqoare, and, after hardening under water for 8 months. 
were ground down upon a griudstone. The blocks vere pressed u,mn 
the stone with or fiscd pressure of about 20 pounds. A counter wa8 
attached to the machine, nnd the number of revolutions required to 
grind off 0.1 inoh of each block was noted. The cements used in the 
test blocks were a rather coarse English Portlaud and & fair Rosendale. 

The ourves (Plate XXXI.) show the results obtained. In making 
these curves the resistance to abrasion opposed by the Portlaud cement 
mortar in the proportion of one pnrt cement and two parts sand is 
assumed to be 100, and the resistaxe of other mortars is camp&red 
with it. The effect of the grinding npoo the test blocks is noted on 
the curves, and explains the somewhat striking results. 

It appears that cements oppose the greatest resistance to abrasion 
mhen combined with the largest amount of sand which they can just 
bind so firmly that it will grind off and not be pulled out. A little 
less or a little more of sand may greatly lessen tbe resistance. For 
any given cement the proper amount of sand would, probably, have 
to be ascertained by experiment. 

EXPERIMENT No. 17. 

It is a prevalent belief among n~aaoos that cement, even when it 
contains no free lime, ao$ does not check, expands considerably after 
Betting. It is stated that brick fronts laid with cement mortar (espe- 
cially of Portland cement) have been known to bulge, and ewn rise, 
owing to expansion in the mortar. Experiments were made to aster- 
tain whst truth there vas in this belief. Several dozens of glass lamp- 
chimneys were filled with mortnrs made of various brandsof American 
and Portland cements, both neat and with different admixtures of 
sand. The chimneys were immersed in water, and, withont exception, 
began to orack within tbree days. New cracks appeared during the 
following ten days, after which time hardly a square inch of glass 
remnined which did not show signs of fractnre. This showed that 
the cement certninly expanded, though very slowly, and that the ex- 
pansion contioued for about two weeks. None of the orscks opened 



npprecinbly, however, so that the amour~t of expansion, which was 
evidently slight, could not thus be eveu npproximntely determined. 

A nnmbcr of IO-inch cubes wel’e theu made of similar mortars, with 
sum11 copper tucks inscrtcd in the centres of ~11 the sides. Some of 
these cubes were kept in the air, nnd others immersed in wnt.cr, and 
the sizes of all of them rrere measured frequeutly by callipcrs during 

six mouths The increase in size did not in auy case exceed .Ol iuch, 
imd may have beeu less. This indicated tbnt, while cement mort& 
do expand, the increase in bulk in any dimension does not exceed ,001 
part of that dimension, and is too slight to he of consequence. In 
tho case of the walls before referred to, supposing t,hem to have been 
80 fect~ high, with live t-inch joints to encb foot, the total height of 
mortar would hnve been 100 inches, nud the extreme expansion of the 
whole could onlr have becu .l inch. It is prohnblc that the nppar- 
cut rise wns merely x difference @I, elevntion caused by settlements of 
partition or side walls laid mith weaker nnd compressible mortar. 

It having bwn reported tbnt cement mortars in coutact with wood 
had sometimes been found to be disintegrated, ns if they might have 
been affected by the wood acids, this cvperimcnt KM mndc to see if 
auy such effect could be detected. About a dozen boxes were mnde, 
C:LC~ formed of five different kinds of wood, viz., oak, hard-pine, whito- 
pine, spruce, aud ash. The boxes were filled with different cement 
mortars, and were some of them submerged in fresh and others in salt 
wnter. Briquettes weiie also made of cements mixed with different 
kinds of sawdust. At the end of a year no effect] upon the cements 
ooold anywhere be detected.. 

EXPERIMENT No. 19. 

Engineers are nccnstomed to insist on cemeut mortars being used 
before they have begun to set, nud on their being undisturbed after 
that process bus begun. With cements that set quickly workmen are 
tempted to retemper the rnortnr, after it’hns begun to stiffen. Some 
euperimcnts were made on mortars wbicb were uudisturhed after 
first setting, nnd others which were retempered from time to time. 
Unfortmmtely all of tho conditions of these tests were not acourately 
recorded,‘und the results are not considered trustworthy. The fol- 
lowing se&s of tests, which represent nn extreme case not met rvith 
in actual practice, nmy be of iutcrcst. 
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A mortar, made of one part of Portland cement:nnd two parts of 
sand, w&s allowed to harden for a week. It wns then pulvelized, re- 
tempered, and made into briquettes. These subsequently acquired 
the following tens+? strength in pounds per square inch : - 

Iwe&. . . 7 
lmonth . . . 13 
Fmont,,s . 49 
2yenrs . . 93 

Under the circumstances it is somewhat surprising that the mortar 
doveloped as much strength ns it did. Good tests to elucidate this 
subject are much needed. 

ExPERIIlENT No. 20. 
A brand of c( Selenitic” cement was offered for use on the work, 

aud was said to pas~ess great merits. It was mnde by treating an 
ordinary American cement by a pate&cl process. It wns tested by 
comparing it witb an untrented sample of the same cement of which 
it was made. The following are the results of the tests : - 

Mhture. Xindofcement. 1 Dny. 

Neat Untrerted 124 

Cement Selenitic 149 

Cement, 1 Untreated. 

Sand, 1, 5 Selenitic 

Ceme”t, 1 l.J”treated. 

Sand, 2 Selenitic . 

Cements, 1 Untreated 

Sand, 4 Seleniti;c 

The breakings are somewhat irregular, but seem to show that this 
cement was~mxle somewhat stronger by the selenitic process of 
treatment when tested neat, but was little, if at all, improved for use 
a8 a mortar ; not enough, certainly, to compensate, for the higher cost. 



APPENDIX B. 

REVIEW OF 
RKGARD TO 

ACTION OF THE CITY COUNCIL IN 
THE ORIGIN AND PROGRESS OF THE 

MAIN DRAINAGE WORKS. 

Th defects of the sewerngc system of Boston nud the necessity 
for B rndicnl cbnnge wtxc brought to the attention of the City 
Cooncil in various ways, for a number of years preceding the year 
1875. The State Board of Hen101 referred to the subject in tbeiran- 

nual reports as seriously affecting the sanitary interests of 
1873.. the city, and requiring immediate attention. In 1XiS tlie 

following older was passed (July 14) by the City Council:- 

In pursozx~ce of this order the Committee on Seners reported 
September 1, following (City Dot. 9.1) ; but, judging from their 
report, they did not consider tbnt any imlnovcment in the cx- 
isting sewerage system was required, as they endeavor to show that 
it was sufficient nud served its purpose as veil as nlmost soy 
other in ‘existewe. To quote from the report, the committee 
state that “Our system of drninngo is a8 perfect, though not so 
complicated, as that of any other city. We we fnvorod by location 
with gencrnlly good gmdes and outlets to deep mater, nod though 
we have uo’long liocs composed of h\lgo sewers with their wmy 
branches, with pumping-works and flushing nppnrntns, yet the IB- 
moval of the sewage from the house to tbe ebbing tidt’ in the bnrbor 
is rapid aud complete; nnd tlult is 5 perfect sysrem.” 

After comparing the system of Boston with that of other cities iu 
the country. the committee couclude their report by stating that 
‘I Evcrytbing which appews necessary to the public Ircnlttr or conven- 
ience will be carried out by the Department as soon ns it is possible 











:’ 
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Tnylor. A remonstrance from George B. Emerson and 1876. 
others wns received May 4, 18i6 (Cits Dot. No. 59) 
against the adoption of the plan of the commissioners, and requesting 
that additional investigations be bad upon the subject. Petitions in 
favor of the plan proposed were received, June 12, from Edward 
H. Clnrkc and others, members of the Suffolk District Medicnl 
Society, and Jesse L. Nason and others. citizens and property- 
holders in Boston, representing th:Lt a new system of senerage was 
of paramount importance, and praying that action be t.aken at the 
ewliqst possible day to secure to the city the benefits of the snme. 

The speeinl committee presented n preliminary report, February 
.14, 18i6, advising immedinte application by the City Council to the 

, Geocrnl Court for aothority to take Isnd required for the construe- 
?icm and maintenance of the proposed IIW sewer; and the following 
orders, submitted by the cortlmitt,ce, were passed, namely: - 

\ 

Acting under authority of the orders, the Mayor made application 
in arle form to the Legislature, and in compliance with his petition 
the desired authority was obtained in the following ‘act: - 
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1870. voirs at Moon Island, and other works essential to a proper and con- 
venient discharge of the Contents of snid SB(PBT. I” nny COnStruelion 

over tide-writer said city shall be subject to the direction of the harbor commit- 
Goners in the manner pointed ant in chapter four hundred and thirty-two of the 
R&S of the gear one thousand eight hundred snd sixty-nine. 

SBOT, 2. ‘The city of Boston shnll have mtharity to tnke such lands, build- 
bps, wharws, and *tructures, as may bc necessary to accomplish the objects 
of the preceding section; and all damnges to private property, or for lands. 
buildings, wharves, or stwctures taken under this act, shall be ascertained a 
prcscribcd in chnpter forty-three of the General Statutes, nnd paid by the city 
of Best”“. 

SBCT. 3. The city of Boston and the town of Drookline may contract with 
each other fur the use md support in cmnm~n of the city eewer now e?n- 
~tructed in Beacon Street in Boston, and hading into Chnrles River, md for 
the building by mid town at its sole expense within the limits of said city of B : 
8owm sbont nine hundrrd feet in length from the town ho to connect the ” 
town drains with sneh city sewer, nnd for the support, at the joint nnd equJ / 

enpensu of each, of the mtlet of the sewer nnd the carrying the same ant farthpr 
into Charles ltiver if necessary ; they may dso contract with each other forfhe 
buildi”:: and support in Common of a~llew covered ebanne, for Muddy nip 
*ueh new chnnncl to run from Tremont Street nlong the line of division betyen 
soid city nnd town, nnd to empty into the channsl of Muddy River east of,+m- 
wnll AIPUUB. If it shnll be necessary to take land for the purpose of csrryyg out 
the prorisinns of this section, said city and snid town, each within its qwn tei- 
ritury, may take ~ueh lrnd :ns m.zy be necessary. and persons aggrieved by rueh 
eking shall have tbcir dnmages nscertained and paid, nnd all the p&edings 
shall bc conducted in conformity to the laws applicnblo to the laying oh town- 
ways in snid town, and highw*p in said city. 

**proved Bpril 11, 1676. I 

I 

Subsequently, June 12, 1876, the committee submitted their report 
(City Doo. No. 66) “pan the subject-matter that hnd bee” referred 
to them. 

In it they recommended the adoption of the commissionere’ pla” 
so far as it applied to the territory so”th of Charles River,‘stnting tbnt 
‘< Present necessities would be met by the constrnctio” of a main 
intercepting sewer from Tremoot street to 3~00” Milan . . 
Thenpplication of the eystem to the district north of Charles River 
Till require the cob;peration of adjoining municipnlitie$, and, as the 
necessities are not 60 pre+g in that lccnlity, it may be deferred for 
the present.” 

The estimated cost of tho main intercepting semer recommet~ded by 
the committee was $3,550,070. They also snggested that animmedi- 
ate appropriatio” bo mndc for preliminary surveys, nnd their stlgges- 
tions were embpdied in the followblg orders, which accompanied their 
report: - 













-- 





The orders were referred to the Committee on Finnncc, and thnt 
committee reported July 19 recommcuding tbo ncgotintion of n loan 
to the amount of 53,‘712,000. Intcrcsting disc~msions of the suhjcct 
took place in the two b~~nebcs while under cousiderntion (see City 
Council Proceedings, 1877, pp. 544,559-567,569-577)? and in August 
the orders Tel“2 tinnlly p”ssed. 

This netioa of the City Council mnrks anotbcr important stage in 
our review of the WOI.~, ns the city was thereby fully committed 
to the task of improving the sc~~erage system, nod R definite plan 
wee adopted. 

By an order passed October 8, the City Engineer was allowed foul 
months’~lenve of nbsence, for the purpose of visiting Europe, snd 
esnmiuiug tbc sewernge systems in oso there; end the sum of 
$5,000 was nllorred from the xpproprixtion to defray his es- 
pcnscs, and Assistant Engineor Henry M. Wighlmnn was empowered 
to perform the I:ngineer’s duties during Ids absence. 

December 27 a mcmorinl from the ISoston Society of Architects 
W:LS received, end referred to the committee, wbcrein it WXI repre- 
seated tint tbc proposed new sewwnge system would cnu~e serious 
injury to tho found:ltioos of buildings on the Beck-Bay territory by 
redeciag the grade of the ground-water in that section to a point 
below the heads of the piling 011 which the buildings stood. The 
mcmorinl was eccompnnied by a communication from E. S. Cbcs- 
brough stating that the nplxehendud crils could he averted by 
runking the proposed sewer wlter-tight, and thus avoiding dminnge 
from the surrounding Boil. 

During this yew rooms were procured nt No. 74 Tremout Street 
for the Improved Scwcrnge I>elxwtmcnt, and lend VBS nleo pu~~bnsed 
st Old Hnrhor Point as n location for the l~rol~osed pumping-stntion 
ill connection with tho work. Considerable portions of the con- 
struction:work were let out by the committee to different contractors, 
nnd good progress was made before the ycnr closed. 

Mayor Henry I,. Pierce, in his innuguml address to the 
1878. City Council in lRi8, rcferretl to tbe subject,, and said : - 



By iw order lxtssed J:~nwq 1G the committee were appointed 
to tnke chnrgc of the Improved System of Sewerngc, and they 
wwe clothed with the alwe powers ns verc exercised by their 
predecessors. 

The committco hnving nssumed clmrge of the work, under the 
authority conferred upoo them, very little action rclntiug to the 
subject xppenred on the part of the City Council for tbnt year. 
Questions of expediency as to the best method of cnqing the work 
forwwd, whether by contwct or day-labor, were discussed, nud no 
order xxs passed in April alloning the committee to exercise their 
owu judgmeut in particular cases. 

By :~n order pussed Mnrch 8 tho committee were xuthorized to 
expend the sum of $14,775, es their proportion of the cost of estend- 
iug Hereford Street from Commonwx~lth Avenue to Iloylstou Slruet, 
owing to the fnct that the iuterceptiug sewer was to bc built in that 
iitreet. 

Orders mere passed to take laud for purposes of coustructiug the 
new sewer as follows : - 

Old Harbor Point, Feb~~nry 9. 
Boston & Albmry Railroad, June 21. 
Boston & Providence Railrand, Juue 21. 
Cnlf Pnsture, July 1G. 
Clnpp Street, September 2i. 
H$e nud Wendell Streets, December 13. 

The committee v’erc nut.horiaed to modify contracts cutered into by 
them in bchnlf of the city, under the follomiug order, passed August 

31, n:mely:- 

-- 



They recommended the pnssngc of the following order : - 



A report was submitted by the committee Dlny 29, in compliance 
with an order passed May 13, giving a stntement in detail of the 
expenditures on ncconnt of the work to that time. (See City Dot: 
69, ISiS.)’ 

An order was introduced in the Common Council Angust 2G fixing 
the minimum price for laborers on the work nt $1.50 per day, and, 
after being discussed at some length and amended, it was passed in 



1870. the branch Deere it originatea, but it ~8 linnlly rejectca 
by the Aldermen. 

under xutbority 0f a0 order paled nhd 24 the nhy01. petitioned 
tbe General Court for nutbouity, on the pnrt of the city, “ to condwt 
the main sew3 In il nearly dkct lint from Old Harbor to Moon 
Isha, instend of by way of Nepunset River and Squantum,” xs 
provided in t,bk Acts of lS76, Ciu~p. 136. In compliauce with the 
M.layor’s petition the follorviug Act RIM pnssea: - 

Orders t0 take ha .f0r th0 ~OT~OSOS 0f the SeWer wcre ilass62a 89 

foll0~8 : old Col011y Railroad COIO~UI~, April 18 ; Squallturn &Oa 

Moon Islnnd, September 19. (See Dot. ,91, ltii9.) 

, 
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A” order was introduced in the Board of Aldermen nt their meet- 
ing April 11 (see City Council Procccdiogs, 1~. 214) requesting 
the Committee 00 Improved Sewernge LL to submit in print a full 
xod explicit account of nll the circomstnnces ,zttending the negotia- 
tioos for plllnping-cngiues, pzwticnlnrly with rcfereoco to the rejec- 
tion of the engines made by Dir. George II. Corliss,’ nod nllcged 
to have been built under the implied contract with said commit- 
tee.” This order, after coosidernble discussion, was rejected by the 
Aldermen, bra NU nfterwards reconsidered and pnsscd. (See 
Proceedings, pp. 295, 31G, 322.) Tbc report of the committee not 
nppenmg, n second order calling for the report mns’presentcd nt 
the meet,ing of the Aldermen October 10, nod passed, but wns iudcti- 
nitelg po$poned in tbe Common Council November 10; and the 
same nction 1~88 taken by the Council regarding orders adopted by 
the Aldermen for the appoinlmeut of a special committoe to prdse- 
cute the iuvestigntion called for in the previous order. (See Proceed- 
gIga, pp. 66-2, G63, 724, and 681,690.) 

An order wa! introduced at the Aldermen’s meeting November 7 
proposing the appointment of :L commission, consisting of three prr- 
sons, who, in coojunction with the Soperiotcndeot of Sowers and the 
City Eogiocer, should constitulc Ii a board to be koown as Sewer 
Commissioucrs, who shsll take charge of all mntters pertaining tp 
the Sewer Department of the city, iucluding the construction.of the im- 
proved system of sewerngc.” (See Proceediugs, p. 722.) This order 
was refer& to the, Special. Committee on Commissions and Boards, 
who reported, November 28, in favor of the estltblishment of a Board 
of Commissioners, consisting of three persons, one to be appointed 



The report was referred to the Committee on Improved Sencrngc, 
with instructions to give n public hearing on the subject. Opposition 
was immcdintely develop4 to tbe proposed scbemo of discbnrging 
the sewnge into Dorcbcster Bay. A re,nollstrn”ce from tile 13oston 
Asylum nod Farm Sclmol nt Thompson’s Isl:uod w:w received May 
1, nnd relicwed to tbo committee. 

While the matter NM under considerntion by the committee, some 
of the citizens who were opposed to the scheme npplied to the 
Legislnture for relief. and procured the passage of tbc followiug, 
net forbidding the discbnrgc of scmnge into Dorchester Bxy : - 





Balnnco . . S1,196,895 53 
Amount cnllcd for by existing contracts. 812,882 53 

mlicit $1.329,221 20 

The following is i, schedule of expenditures to Mnrch 1, ,582, inclusiw : - 

I”tcrcepting8cwcrs 
Mnin scwcr 
Pumping-stntian 
Sen-w”lls, Old Ilnrl,“rpicr, CfC. 
Dorchesrcr-11ay tunnc, 
Section 3, ““tfidl BeWer .md reservoir 
Connecting with Old BOWWS - 
Lnnd dnm.lges 
Superintendence nnd contingencies 

Gross ‘xpcnditures ....... Q?,553,302 37 
Less stock “n hnnd ....... 23,012 I? 

Net expenditures Sz,5so,sno 26 

There sill “IS0 hc rcqnircd for settlenle”, Of lnnd dnmnges and n&cttled 
claims, connecting scwcrs at North End, r”nnin~pamping-engi”es forten,pornry 
discharge of sewngo into Dorchester Bay, and other items of expeme not directly 
eonn~eted with the work of ~on~tr”~tim, n sum saficient, in the opinion of the 
committee, to Cdl far “” Rdditionnl npproprintio. of s1,500,000. 

The nceompnn~ing conmuniention from the City Engineer ~tstes at length 
the rea”“s for the incrcnscd cost of the work “bore the original estimates. Ij 
will he *em to hc chicfly due to the rise in materids nnd I&or, chungcs in plans 
of construction, rendcrod necessniy to mnko the system conform to the best 
prnetice of modern snnitury ongincering, and tllc expense of overearning unforc- 
seen diWculties in the work of constrwtio”. Although there is an apparent 
balnnce of &?*3,OlS, yet the greater part of this nnmunt is required to complete 



-. 





@&5,“00 00 
90,000 00 
38,800 00 
11,142 20 

314,300 00 
176,000 00 

0,260 00 
36,000 00 

--- 
$834,402 20 
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these “eeessay itans for any “pproximatio” t” the ~sso,ooo pro- 1882. 
Vided by the first estimate. 

The work at this paint has bee” done by day’s labor under a superintendent 
appointed by the committee. Work done by the day is usually “mre expensive 
than contract-work; but it is also, usually, mow 8ure, safe, and thurougb. It 
may be doubted whether elea”atlo”s of such mngnitudc, depth, and diEcnlty 
could bnve bee” m.lde by contrnct witbout n single accident or misbnp, “~v,betber 
such thoro”& rorkmanship could have bee,, obtained except by the method 
emploged. 

This work ads” wns let far a e”m witbin the ariginal estimates, and ba.8 bee” 
relet nt greatly advanced prices. The e”St of the reserwir proper has been 
somewhnt lessened by lenving off its roof, which was at first tbo”~bt necessary. 

On the remaining items the increase is slight, and is due t” the general ca”ses 
mentioned before. I” the original estimate the item IS Superintendence and 
cantin~snciea” was rnnde equal to 10 per cent. of the cstimntod cost of the 
work. Par the work itircndy done the a”m”“t8 cbnrgctable t” tbi~ acc”“nt RN 
Less than (i per cent. of the expenditure. Should a similar rate be nnainlnincd 
there will be a gain in this item in~tcnd of a 1058, b”t for a conservative estinmte 
it has been assumed to bo 10 per cent. on future work. 

It is believed that the present estimste is smplc to complete the system as 
proposed. 

This estimate is based “n the present rnte of wages and price of materials. 
Should, therefore, any considernblo advance in these occ”r, the expenditure for 
work not shady contracted for will be correspondi”& increased. This 
cstimnte daes not include the cost “f running the pumping-engines longer tlm” 
sill be necessary to thoroughly test them, nor does it include any extraardinnry 
contingencies, such as expensive Lawsuits, heavy pnynents for land dnmagca, etc. 

Xespeetfully submitted, 

HENRY M. WIGHTK4N, 
city lhgincor. 



1882. Tbc matter ws8 roforrcd to the Committee on Finance, 
who reported fi~rorably thereon in 3. report presented to 

the Uoard of Aldermen April 24. They recommended tbnt the 
reqC+xl amount of 51,500,OOO be raised by lonn, and the orders 
for the purpose, accompu~ying their report, wore adopted May 13. 

An order pvz passed September 19 authorizing a modification of 
the contrnct witb N. F. P~llmer & Co., for furnishing pumping-engines 
at Old Harbor Point. 

The following order wns passed November 17, but the com- 
mittee failed to present aug report in response thereto :- 

In 18X3 the work of the Improved Sewerage wns referred 
1883. to by Mnyor Palmer, in his inaugural address, as fol- 

hws : - 

TIE committee wwc sppointed at the commencement of tbe year 
1383, and resumed murk under authority of the orders passed by the 
City Council in the customary form. 

A petition WBS received in the lloard of Aldermen Mawh 2F fr’oti 
Cbnrles Linebno for relief under his contr3ct for building Sectiou 4, 
rrod clniming compensation for e.xtrs work. ne petition wxs rcfcrrea 
to the committee. 

An order WBS passed ,June 30 to czuccl tbo bond of R. A. 











The usnnl order was passed at the begitluitlg of the year for the 
nppointmcnt of the committee, and authorizing them to resume lhe 
work. 

.4n order was passed X:wch 8 providing ii that the espenscs 
incnrrcd 1:~ the committee in nmintnining :MI operating the morkc 
under thcw ehnrgo be paid from the nppwprintion for Improved 
.SCWWge." 

Also, on iXInrc11 8, cc order wee passed to ~11”~ the l>“yment of 
n further ndvance of $10,000 to C. W. l’arkcr & Co., in addition to 
the xmount lrevioosly allotted them from the snm reserved on their 
contrnct for building Section 3, outfell sewer, nnd Noou-island 
reservoir. 

The following 0~1~ wa8 introduced in the Common Council, 
Septen~bcr 11, and :&Is” in the llonrd of Aldermen Scptembcr 28, 
nnrncly : - 

The order wnc pnssed by the Aldermcu November IO. Upon 
reaching the Common Council it mna prett: cnrcfnlly coosidercd, and 
recommitted December II to the Committee on Improved Semernge 
to asccrtnin and report mbether the lxnd in question cook1 be take” 
by right of eminent domnin. The committee reported Dcccmhcr 18, 
end presented an opinion of 1110 Corporntion Counsel to the effect 
that the city bad no nuthority to take the land for the po~‘p”scs lx”- 
p0SCd. The order then went over by nssigomcnt to the Ins1 meeting 
of the Common Cooneil, Jx~unry 1, 1885. end c motion made et thnt ’ 
meeting to tnke it up for consiclerntion was lost. 

An order NBS introduced ic the Common Council June 12, 1884, : 
by the committee acthprizing them to pu~&~se of Paul Butler nnd 
Henry w. Hunt the tmct of land kn”\v” 35 Squnntum l~lend for the 
Sllrn of $47,000. The committee were divided, bon-CYW, regnrdiug 
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1884. tho expedieocy of making the purcbnsc, and the order, 
nftcr beiog pretty thoroughly discuseed, we8 finnlly re- 

jected Jnne 19. 
A,communioatioo vas received from Henry Guild, by the Board of 

Aldermen, Scptembcr 29, celling nttenlion to au nllcged noissocc, by 
I‘C:IYOII of the wry offcesive odor from the sew:lgo at Moon Islnnd 
and Sqonntnw. The commuoiwtioo wns referred to the Committee 
on Impl’orcd Scrr~ernge. and they submitted R report on the subject, 
October 13, stating thnt the odor complained of ondoubtedly wme 
from a small cow adjacent to the mouth of the discharge ~eww, and 
cxtcndiog to Moon Island ; thnt tbc Bcnxge-matter wns wrricd into 
t.lris core by the water curwnts, and wheu the flats vere esposed nt 
low tide tbc offensiw odor arose. They recommended ns n remedy 
for the evil cotnplnined of that 3 dike be built awoss tbc cotr:locc to 
the cove, nt :en estimntcd cost of 525,000. There being uo provision 
in the Improved Sewcrngc npproprintion for tbc extrnordinnry es- 
peodilorc of such an amount, the report Tvns refcrrcd to the Cummit- 
tco oo I’innncc 10 provide the rcqoired sum ; but thnt committee 
failed to report upon Ibc subject. 

An order wns passed October 25 to pay to the Ihlilders’ Iron I’oon- 
dr,? of Providcncc, H.I., no instnlmeot of S3,300 from the nmouut 
reserved oo their cootrnct for furnishing mnchiucry for tile east shaft. 
An order wu8 passed December 2!l requesting the Mayor Lj to 
pct.it.ion the Gwcrnl Court for nuihorit~ to take from time to time 
such ndditioonl ‘lands 3s the City Council mny deem oecessnry for 
the p~~rposcs 01’extc~ling nnd cnrryin g out the sys,cru of improved 
scwcrnge,‘~ no11 also December 29 zo ovder nuthoriaing the commit- 
tee lo xmnge for 1~ visit of the City Cououil to tile works, Tuesday, 
tile 3Mb Of I)ecember. Other mnttcrs presented to the City Council 
mere simply clsims of lxborers nod others. 

President John II. Lee, of the Common Cooocil of 1854, iu his 
wlcdictory :lddress to tlrat body, thus refers to the Improrcd Serr- 
OKlgo works : - 



.- 







The report wm accepted by the City Council, nod, nt tho meeting 
of the Aldermen Jooe 15, the following order W:LS introduced by 
Aldermao \Vcloh : - 

The following order NM proscnted in theBoard of Aldermen by the 
committee i\l:wch 23 relali!lg to n matter that failed of ndoptioo by 
the City Couucil of the previous ycnr, oamely : - 



\ 

concurred with the Aldermen at a meeting oo the same 18A,5. 
date, and the order received the Mayor’s approval Mny 5. 

At the meeting of the Alderme~~ March 30 the following order to 
print the history of the works was presented by Alderman Douovtm, 
as recommended by the Committee on Improved Sewerage, viz. : - 

The order pnssed in the Board of Aldermen, but, being amended in 
the Common Council, it was indefinitely postponed upon the return to 
the Aldermen. A new order of the ~nme tenor ~~5s iotrodnceh nt the 
meeting of the Common Conocil April 30, nnd referred to the Com- 
mittee on Improved Sewerage. The committee reported back fnvor- 
ably t,bereoo May 7, and the order was powd by the Council 
01, that date, concurred in by the Bonrd May 11, and nl,l”oved May 
13. A sobsequent order was passed Sept. 22 aotborizing tho Clerk 
of Committees to prepwe and print 1,000 ndditionnl copies of the 
‘report, with tbis review as no appendix, and Ibe number vu in- 
crenssd to 1,200 by ao order p:~ssed October IO. 

A request w”s received May 11 io the ~Bonrd of Bldermen, from 
the Committee on Improved Sewernge, for an adrlitionxl appropriation 
of $250,000, setting forth that such 6um would be required, to com- 
pleto the mark. (See Dot. 62.) 

The mat,ter WE referred to the Committee on Finunce, who reported 
back May 25 recommending the negotintion of n lonn to the amouot 
of EZOO,OOO, nnd the required order was lxxssed June 9. 

The Titus claim, which hns become somewhat cclebmtcd, was in- 
trodwed at the meeting of the Aldermen April 20, in the form of n 
petition of Lillie K: Titus sod nnothor, asking that the sewernge marks 
nt Hoon Island be properly fenced, and this petition was reliirrad to 
the Committee on Improver1 Scmcrngc. The committee made a rc- 
port June 22, in the form of the following order : - 





\ 



In the meitn time His Honor the Mayor t,rausmitted the following 
notice which lx had received from the petitioner, viz. : - 

The rvhole mntter was discussed at length by the Aldermen at the 
meetings September 14 nnd 21 (see Proceedings, pp. 552, 556, 
576, 5i7), nnd the original order wu pnsscd by the Al~lcrmeu, 
after being ame~led ,by inserting after tho word l’her,” in the 
scco~~cl lioe. the words “vncntin g and nhaudoni~~g nil suits already 
commenced.” 

Upon renching the Common Counkl the matter wns referred to the 
Committee on Judiciary, 011 certuio Icgnl questions that arose legara- 
ing the authority of the Common Council in the matter. That com- 
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~mittee reported the following opinion of the Corporation 1886. 
Counsel, October 22, viz. : - 

Consideration of the subject was resumed at the meeting of the 
Common Council November 12, and, aft~er estcnded discussion, tbe 
orr?crw:~s passed in concwr~~ncc. (See Proceedings, pp. 718 - 723.) 
The order failed of approval by His Honor the Mayor, and the fol- 
lowing veto messitgo, stating the IBRSODS for disapproval, was received 
by the Aldermen at their meeting November 16 : - 









__ -.-. 



1888. 
A?PENDIX 13. 

SCHEDULE 01’ EX1’ENDI’I‘URES, MAIX DRAIXAGI;. ’ . 
WOJMS, JAX. 1, 1888. 

$3!1,327 79 
38,778 54 
43,037 73 
55,O.il 12 

113,082 G3 
98,854 R2 

164,357 99 
121 ,89i ,5?1 
TF,.II!J 70 
43,392 1.5 
:18,781 20 
17,017 98’ 

13.i:lOO 40, 
22,042 72 
32,5X9 73 
42,230 .5!J 
3G,:J89 31 
37,333 91 
42,832 29 
47,3Gi 98 
sJO,!)!vJ 49 
GO 037 95 
57,748 18 
lG,229 G5 
40,942 G5 
G4,039 97 
1,311G 00 

l,G9!).333 42 
G91,iij3 87 
825,659 18 
103,iGO 39 

61,200 4G 
223,OlG 61 

--- 

__ 



Amount brought ,forwaxl, $5.123,504 14 
Engimering, superiotendeoce, preliminnry eurvey, 

contingencies, and miscellaneous vork ‘268,903 14 

Totnl nmoout Sor construction $5,S!I2,407 28 
Amount transferred from appropriation 67,.500 00 

--- 

Total expenditures t,o Jauunr)- 1, 1888 . $5,459,9Oi 28 
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water ma8 chcckcd hx :I Worthington wntcr-meter plece~l bclwccn t,he 
feed-pump and the feed-later heater. 

To nscertaio npproxin~ntcly the nmonnt~ of m&r ret~rncd from the 
cylinder-jack&s and rehwters, the amount of cold nater used ~1s 
mcnsorud during the second test by n meter ~~I:NxI on tho Cochitllate 
supply. 

ALalIt seven hours after the heginnin: of the first test :I smell leak 
wns discovered from :L safety-mire on the hailcr feed-pipe hetveen 
the pump and the hot-wntcr meter. After being discovered, the wntcr 
Icnking wu caught nnd rctwned to the fee&pwqr tub. For :I period 
of about fourtee,, hours the lenkqc was weighed, and tha rate so 
determined W:LS used to make a corrcectioll for the time before the lmrk 
WE disco~crcd. The tot:!1 :~mount of this correction W:LS ti:ill po11~1d8. 

On the second test nil pipe-connections with feed-pipes, boilers, 
und engine, except those iu use, were disco~~nected, to avoid all chnnce 
of error from lcnknge. 

Temperatures of the feed-nntcr were taken bcforc and after pnssiuy 
through the feed-water henter 1)~ means of thermometers inserted in 
the feed-pipe. 

A thcrmon~eter in :I tube partislly filled with oil wns inserten in 
the flue to :,scertnin the tempernturc of the gases beyond the fecd- 
hter heater, :LIK~ on the second test :L similar thermometer W:LS placed 
in the Rue hctweeu the boiler and heater. 

Throughout the tri:tls half-hourly obserwtions were mxlle of the 
cnginc cowter, pressnvz of steun :rt engine xnd boilws, v:~uum in 
condenser in ixhes of mercury, height of m:~t,er in boiler, height “1 
water in tulr holding feal-pump sopply, mater-mctws 011 boiler feed- 
pipe and cold-anter pipe, barometer. tcmpernturc of steno), tempera- 
ture of gnscs in floe, nnd tempcr:~tore of engine-room. Fiftew- 
minute rendiugs were txkcn of the force-mail) :wd pump-well gauges, 
nnd readings of the fee&mater thermometers crwy teu minutes. 

‘Temperntllrcs of the cxtcrnnl air end indicntor dingrxms from the 
stca”q4irKlers mere t:,kcII h0nr1y. 

A lwgc number of obscwcrs \YCI’C emplo~~~l, :wl cart wns tnkeu to 
.N?cul‘e accur:icJ in all of the “lMcr\~nti”“s. ‘I‘hc more import:1nt 
records were :dso tnkeu independently b.v assistnuts of Mr. Loavitt. 

No c:dorimeter tests were m:~dc to nscertsin the qunlity of the 
steam. For the purposes of calculation it hxs been asswncd that all 
of the water wae evnpolxted into dry steam. 



_- 

I 

’ 

sccuw3 Tax,. 

?F.Dh ft. 



1. mlte of trial _. Mnr. 24,?5,1886 

,a. Time of beginning tri:,,. 9.58 n.m 

2. Duration of trial 34,. 61m 



3. Grntc surface.. ,. 

sa. Area “f least dmupbt.. 

4. Wntor-heating serfwe. 

6. Super-heating surface, _, 

5a. Heating-surfnee in feed-water tmntcr 

6. Ratio of wnter-hating anrfnco to gm 
mrfwe _, 

Avsn*ali PnEss”,,.s 

7. S,cnm pressure in boiler by gnuge 

8. Absolute stenm pressure _. 

9. Atmospheric ,,ressnre by bnro,,,cter 

15. Of feed-writer bd”n? passing ,,c,,ter.. 

16a. Of feed-mm Rfter passing ,,CnfCr.. 

E*. Of Cochituntc voter.. 

ie 

1. 

I- 

98.0 IbS. 

113.2 lb*. 

28.81 ins. 

10.9 deg. 

199 de&!. 

,!14.2 de:. 

120.7 deg. 

l(i4.l deg. 

49 deg. 

9,478 Ills. 

6.2 per cent. 

8,981 lb% 

-. 
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PI. my WJRI consumed per hour 

22. Combuslible cansumcd pm huur 

26. Totd weight uf water pumped into 
,milcr nnd apparently evaporexl 

2sa. Check on RbOPz? menSnreme”t by meter 
mcnsurement....................... 

%I%. Per cent. less by meter.. ., 

819.9 P.m. 

10.49 h. 10.42 Ibs. 



J 
t 

i.35 Jb 

8.36 Jb 

0.208 lb, 

69.1 Jbz 

9.06 Jba. 
8.98 Jhr. 

8.92 Jbr. 

9.80 Jhs. 

0.214 Jbs. 

81.1 Jbi. 

2.44 Jhr. 

?.J? Jbs. 

701.2 Ibs. 

134 “.I’ 
129 “.I’. 





. 
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322 

........ 

........ 

.... ..-. 
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. ISiF-1885 

. 1860-1885 
1878-1880 
18ii-1880 

. 38X-1885 

. 18ii-1881 
18ii-188;i 

. IIIXO-1881 
lXi7-1880 
18i6-1880 
,l876-1877 
1876-1877 
188%18RY 
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