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C. 8. BREED 
M. A M. SO C. C. E. 

CONSULTING ENGINEER 

6 BEACON STREET, BOSTON 

Boston, October 21, 191 . 

Boapd of Uaalth of Uaverhtll, 

Oentlemen: 

subj at o 

Your instructions to me relative to the 

U,tle lUver Improvement t.ro ocibocUed in 

th vote pa ·�,e4 t:it the r -gular meeting or th Board 

of' Health halt! June 15, 1916, which was a rollows,-

"Thnt. the serv1oos of Obtrlea B. Breed 
be employed ao oonsultir.g engineer on the 
Litt.le River caa , and. that. •

1 • Bre d submit 
a r ;,ort to the Boal"'i of Heal th a to the 
best mothod a11.1 most feasible mann.r of 
bating the alleged Little River 111ula nce.u 

�lan Accom2on1in1 This Repo.rt but. Bm.u;id SeJ?�r tel1. 

l"l&n o.f Littl@ R;tv,.Yr from the .s!errimao 
R1vor to Pentuo�ei Milla, compr1u1ng 5 sheets 
n ref1e;rz-ed to in this :report as Fi • a . 

. rofile or Both Bun1cs of Litt.le 
f'rom the t.ierr1m o R1vrer to Pontucli t 
corn rising on sh· ·t n ref rred to 
report as Fig. 3. 

Conelu$10PG 1n Brief� 

lier 
. 1110, 
ln this 

Aft r careful oona1de�ation of this problem 

coverin£{. a period or four months, your engineer .raoom­

oonuui t of r,tnforo::.d conoret.a or 

t o ohnnnels eaoh e ft. x 12 1/ ,I:"� ft. be oon.struoted from 

•



aohifli:•ton Square roh to & o1ot about co ft. uo 1 th or

�:int r ,t,. (length 2147 ft.} of t.ht, ,t;enoral d · slgn uhown 

on Fl • 2 <; n- 1n th .t.00�--;tion and t tho proi'ile sho m 

on . l na acoomp\.nylng th1a report n • ·t rkod Jl'1g. :.-! and 

street be constructed ovor the :zondui t. from Wt:rnhlngton 

cqu&re to t.,ocke Flt. 

The total r-timetad oost o thlfJ construetlon, 

3 ft. eov<lr of a.r�th on to of th& cond 11 t 

anct 1nolu lng ong1ne rin[S mi all inoldent.' l eJCp • rm s, 

but e elusive or pror,0l"ty ta'ings and any not ntreet 

oonstruction, 1G e.195,327. 

As �hown later in this report., tho tlr l'O•

bo conotructw in one se son; o neetion t t .., tiro� ca:-i be 

built, thus ctlstr!lmtinb itc ooet over a few yec.rs if 

deo:-•ed ad.vis l>le. 

Required. 

nhen t a ·or t of tnvetJt.i&:�tton :1 n starte. no 

com .:.ate pl n or prof lle of Little 1ver n vioini y war3 

in e&t.stenoe. Tho work of u .1ng the nee ss�ry timrveys • n 
reoult·n pl•ne was oorrivd out oy th City 

dr:<..f lng tho 
Engineering Departm nt. It ra.uired the aorvioes of four 

rmm for 1.h'.. four BU,, r months. ·,bile thin work w· a gctn� 

on t e rlt r de ot ct ls ttent!on to our- ul stu, yo 

th v···rious phae s or the gonoral problem, the probable 

2,, 
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axlmum y1 ld of � 

to Jealgns nd at1rn tes. 

Oenaral Das5ll:!2_�toq of f..:X1st,1n� con it.ton�. 

Llttl River hc.s its source 9 mlleo o-rt.h of 

t, e bueln t�s i:Ustrict of f 'l�orh1ll 1::i tho to:.vn o th::.r.:p­

otea.d, J;. H.; un1l its outlot into tho : errtmoo R!v- r t 

�a�h1n ton �qi.i r : (irle 1n Haverhill. Its Jr ln t: oreti 

ot about 30 s uQro mll ,r-; tr-clu:.ies tar-t, or niampstead, 

At. 1 1·1 .on, ·1n,,.eton n • J.ieNto , ne rly all of :->J.ai to,, 

and a largo part of iaverhill. (So u.�.oeologic l 

at Pentuok t �llla 

th.a river flo throu�h tho ho:.1.rt. of Huver ill for- a J.l ;-

t.anco of bout half a mil .:11 t.h t'lnt grad tent. and 

oroo ed. al!newent. In t.hts o.t ty dl tr1o 1 t 1 cros •• d 

by i'i.ntor tt., the Bo ton " !ne R llroud, Looko ri., 

Looust '·.t. m Wcu1hin�t.on Squaro, nll of ;.which nra ,mp­

nort on 1ngle n .. nn m aonry arches oxnept ,intor t•t., 

hie th,� t•· o arcfla , one f'or the matri river u.nd the 

other for tho (, lraee or th w·.t$r he l or tho )e tuc.kot 

•111s. 'l'he d' "!' at tho m1llt1 forms a onJ or tt�lot1·,ely

sm.bll ar.ao • loh supol1o.., ·:1ator for 0!1C ;:.t r wheel in 

tho mill ,htob 1•0Juo · s , bo:-1t 3 • tn- 1c',teJ ho:rae-pow '-r. 

•• he nhot.ogrnoho, Figs. • to 17, �"1v� f�!r !dab or the 

pres nt eondlt!on or th ri'1or d vicinity, but. o noT.. 

oropor•ly uhow tho fi t.hy co J.l tion of t e ri 'v'er be· on 

o:;ount of the a .. ,ount. of . c.t r flowine ·-t th I taiilmu theffi 

art.ioul·r viewa wero taken. 

3 



Fig.5. 

!fortllerlf portal o� Washington Sq. arch looking down-stream. 

Photographed by C" i. Breed .. 

-

... 

--+-"'=--

-[-

July 5, 1916. 

From platform at rear of fruit store, �ashington Sq. 
looking up-stream. 

Photographed by C. B. Breed. July 6, 1916. 



Fi .6. 

!¥J.varhill Little Rive:r-: �!!J:1>.rovement .. 

Prom pedestrian bridge about half way bet een 
Washington Sq,. a.110. Looust St., looking down-stream. 

t"'hotograpbed by C. B. Breed. Juli 5, 1916.

From point about 200 ft. above :a.shington Sq. arch, 
looking up-stream. Showing pedestrian bridge. 
Photographed by C. :s. l'"G8d. July 5. 1916. 



Fig. 9. 

From pedestrian bridge about half way between 
Washington Sq. and Loaust st., looking up-stream. 
ns1mple:x Sample System tt building is on northerly 

side of Locust st. 
Shows .overhang of bowling alley on southerly side of Loaust St. 

Photographed by o. B. Breed. July 5, 1916. 



Fig.lo. rom Loc:k& st. e.r<-'h lookint dovin-stream. 
Showing small wooden building overhanging river 

on northerly side of Locust st. 

; hotographed by C. B. Breed. July 5, 1916. 



Fig.12 •. ----­

From point about on ·-third 
of the e.y from the 

R.R. bridge to Loeke st. 
looking down-stream . 

.Photographed by o.».»reed. 
July 5,1916. 

Fig.11. 

�- rom point about 100 ft. 
above Locke st. 

looking up-stream . 

.S?hotographed by o.n.»�eed.

July 5, 1916. 



Fig.13·. Pedeatrian bridge about one-third of the way from 
R.R. bridge to Locke St. Looking up-stream. 

Lenno & Briggs building overhanging riveron right. 
Photographed by c. B. Breed. July 5, 1916. 

Fig.14. 

R.R. brtdge looking 
up-stream f'rom 

p deatrian bridge. 

Photographed by .B.Breed. 
July 5, 1916. 



Fig.15. Looking down-stre m from Winter t.

Shows platform of Haverhill Gas Oo. a ported 
on columns in river. 

Photographed by -0. :s. Breed. July 5, 1916. 

\. 

Fig.16. so-called "Public Landinff' here tree i.e shown on 
the Reet bank. Just down-stream from ,inter St. 

Photographed. by C. B. reed. July 5, 1916. 
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Fig.17. Pentuaket Mills Dam from Winter st. 

?.hotographed by c. B. Breed. July 5, 1916. 
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Little River is a stream with a low normal flow 

and rd. th a low maximum e1ow as well. Its drainage area 

4 

is almoat entirely meadow and farm lands, the soil is 

largely aand or gravel, the district ia not hilly or rocky; 

and as a result the total run-off from this area is $all 

in amount when compared with the rainfall. The- effect of 

e. sharp, heavy storm in uauall:1 evidenced in the flow of

Little River over a period of several holll"s after its 

ocourrenoe, the water from such storms being rel.eased 

3radua.lly from tl1is drainage area. owing to the oharaoter 

of its soil, vet1:etation, ahape and other phyeioal features. 

'l'hsre a.re �lso a few small ice pon"s and a pond above the 

dam at West,villo which tend to control the run ... off f'rom 

portions of the dr�ina.ee area. 

The favorable location of Littl B1v r through 

the heart of the city formerly led t.o its uee a.a a drain 

for all storm water within ita ll$.t ural drainage area,-· 

that which fell within the built-u.p portion of' the oity 

as well as that which ran off from the rural diatricta 

north of' the city. It was a.lso used as a.n open sewer 

for several years. rn 1aaa, when that portion of the 

ee eran;e system of Haverhill ly1n� wi t-hin the natural 

drains. .. e area of Little River ,va.a developed the storm 

water and sew�ge were both taken directly into the sew re 

south of Winter St. North of Winter St., in , ards 5 and 

G, the separate system of sewers has been designed and 



partia.lly oonatruoted, which delivers the sto1"rn water 

directly into Little River,. but none of the sewage is 

allowed to enter tie river north of the dam at Pentuck:et 

Mills ,.

South or ·the dam, bowev&1",, many of the indue­

triea and dwellings have drains wh1oh emp_ty directly into 

Little _River. There are about 90 such drains on the east 

bank and 25 on the west bank, 

dra.1na are roof an,1 yard <..'trains, blow ... (fffe from boilers, 

pipea for heating systems and for diseha:r-:ing by .rs.vity 

the water which ma:, fle>od the lo,ar floors of' bu11d1nge 

cont1guou� to Little River when th� river !1e.t�r is hi(!:h. 

A few of' the buildings near the river discharge 

their sewage or induetr1al wa.etes directly into the river, 

notably from the oftioe building at the corner o:t' Wo.shington 

sq. and Emerson st. owned by 01.a.r(lnGe s,. Coombe, from t,he 

stores and dwellinr;s owned by Ezra W.B .• Taylor on E arson 

st., from the stores and dwellings in the two buildings 

owned by Levi L,.H. 'l'aylor on Emerson st.J: from the morocco 

factory of Lennon & Briggs just below the railroad bridge, 

and from the Pentucket Milla. These ce,eee are treated 

separately later in thie report. 

It appears to be a well-aeta'bl1ehed practice for 

reaide:n.te a.long the river be.nk� operatives il'l the mills and 

storekeepers over and alon� the river to une it as a. conven• 

ient depository for garbage, slop.a, empty cans, bottles• 



J.,oxoa, r ge, uboe. an(. tn faot pr otice.lly 611 kinds of 

r _ 1'"\lo� w .10!1 collect in • uoh Gstabl 1.ah (!,nta. '!'he rea 1 t 

of ouch mlsus� of the riv r is obvious. It hno beoome a 

.f'1lthy brook• offene1vo to the aans&e or aig1t and n:el1. 

ffbe river 1o today in a e nae an open sewer; it is a. 

detriment to the 111m1ecH .. a.te vicinity and,. bec�u o of' the 

poes1b111 ty of spreading d1s$a« a, 1s a. r.nr1n oe e � ell to 

the · holo oity. 

6 

For many weeks• in tho oummer months partie1larly, 

the flo of r�ittl River :La verJ small, with th t'e ul tho.t 

the aewege Md mill w&.ate$ $ettle over the uneven botto or

the river• hich en unoover d gives o!'f offenoive odors. 

In it� pre,mnt condition Little River, tends to pr vent or 

delay oomm roial d volopmant lon� ite banks. 

In the h lf mlle of' 1te course belo the Pontuor t 

Mill, d&1l the rtv�l" flo n in a oha,rmel beneath atreet upon 

tho line of hieh builcU.n � hnvn been con tructc•d in ouch 

a nie.rmer n tQ cut off th view of th r1 ver :t'rof'i the publio 

o that few people h �e any adequate ooneeption of ito con­

dition. I>� .e,.m1n8.t1on of the river 'bad ohows thu.t, p r­

tLeUla.t'lY fro; ·the ratlro�d bridg• to Washington Square, 

t4hore ia an a.coumul.ation of asw ge u.nd otm r :filth. 'l'hes 

oonditiono a.re pl nly e .own 1n the f('lllow1ng photo_raphe, 

Fi s. 18 t�o 24. 

1'h largtist aewor of t.h oity• ich r �oiv , tho 

flo f om one-third of' th ontlro sewered portion of the city, 
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:Fig.18. Wortherl;r portal of Washington Sqnare Arch looki,ng down-stream. 

Photographed by A. s .. Kean. Sept. 21. 1916.
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about 100 ft. abo-ve Washington Square A:reh looking up-et:raa.m • 

.,,hotogrs.pl1ad by A. s. Keen. Sept. 21. 1915. 
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ig.21. From s point 250 ft. above a.shington Square Arch 
looking to ard Locust st. 

:?botograph d by J. M. Snow. Oct. 4, 1916. 



�verhill Little River ImRrovement. 

Fig.22. Between Locust st. and Locke st.,looking up-stream. 
Shows Locke st. sewer under arch. 

Photographed by J. ll. Snow. Oot. 4, J.916. 



Haverhill Little �iver Imorov ment • 
.................. - ------ • te u 

From a poi t about 300 ft. abov Loo e st. 
looking up-stream. 

Photographed by J • •  Snow. oat. 4, 1916. 



ig.24. From a point �bout 200 tt. down- trearn from .R.R. bridg J 

sho ing Lennox & Brigg tannery- on the right. 
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h s 1 ta outlet on the shore of' the !1err1ma.c R1 ver only 

10 rt. fro:n the ou.tlat of Littl fiv0r, no. a.a the tid 

oakas in on the t-ievrimao R1v r and follo e up L1ttl R ver, 

and wh n the wind 1a �leo favor ble; oo e or the floatin� 

aewa.g mttor from this ll!ld other city ae er outlets fl a.ts 

back into Little Riv r, which acts a a. tidal estuary o� 

Tl1is nulaa.nce is augmented by the fact 

that t..he outlet of the river is below mean lo wat r in 

th$ i.Jetir1mao River, in oon equence o� 1ch backwater ox­

tends for l 00 f't,. up the river &.nd tria.ns or.ma it twice a. 

d�y into o. tidal es tua.l"y extending up into tlH> bua i noes 

oente:r ot rt'tv<?rlltll. The deposition of' ee a e into the 

.. rrimao from the oitiea of Le rence a.rid I,o ell adds 

ma.teria.l.ly to the neral r11 thy eond u•,J.on of the • err1rn o. 

Thei unsanitary condition of Little River haa b en 

r pe tec.lly a.lluded to in t,he reports of the a.verhill Hoard 

of Heo.lth, a.e ell ae in tho reports of the Ci.ty Frngineer 

a.nd of tho ,:>tate Board ·of Health.

GENERAL, HETHODS O' P. • ATII O THE �:XISTI.?ro 1It'ANCE, 

Two m thod.e of nbat1n this nu1eenoe are 

apparent -

(l) Stop mi use of riv.r by policing, and earry ee age
ood factory waatfa into ex1otin. City sewers. 

(2) Carry the iver t.hroup;h the oity in a cov r11d. conduit,
e,:nd the se ag allC.l factory we.at s 1nto existing 
newo:rF. 



(!) The firnt method mean.a to put a stop to 

t.hE', misune of tho river by residents and operatives of 

1nduetr1as a<lja.�nt to the river and eonneot ll sewers 

rid factory w ate drains nO\"i empty1ne-: into L1t.tle iver 

t'I ith tho exiat ng oi ty aowera. e y te:n. 1nete;ll1n proper 

se age ejeotora to lift the sewage from thooa ba oments 

which re too low to empty by gravity into th present 

oity'a syAtem. 

8 

It 1t 1fl p¢ao1ble, through policing methods, to 

put ·a stop to the thro .ing of refuae i.nt,o th& 1."LV@l" 1nd 

1r the sanitary aewere and r otory 1ente drains are removod 

then the only mtt.teria.1 1 ia ble to be oft"'enai ve to ha,.1 th,

e1rht or a-J"'lOll .ill be that wh1oh comes into the river above 

the d m an that, wh1c _ f'lo s baok up tho river fro the 

Mer1 .. im o when Little River ia ac ti.np, a.a tidal estua�y. 

Th� objtHltionable ater.1" l which oomos do n the river fro 

above the dam is very sm 11 in amount nnd doee not, contain 

e.ny ee a .e r.lf.ttel? or factory waatea. 1l'he nu1aanee f'rom be.Ok• 

1.ne; p of sewage natter from the . ..:errima.G R.1ver a.pp a.rs to 

b a rel nuioa.nce and will grow worse a year� go on, 

rather than botter, beoauae as the city �rowe an 1noreaa1ne 

&mount of s&wa.ge wi 1 flow into the Merrim�c both from the 

-1-verhill ae era a.e woll a.a from cities r rther up th river.

hen it beoome neoesaary, ho ev r, to xt, d al of h 

ex1atint· sower outlets to deep a.tar in the ,,err1m o liver 

the nuisance from thia eouroe w111 doubtlese be leeeenad, 



although tt 1s proba.blo that there a.1na.yo w:lll be some 

oi:' th1a unsa.nito.ry eorldition ao lon,:r as ee oge me.t11r1o.l 

is dopoaited Mtywhor n the Merrim�e River. suoh effect 

of couroe will always b ·. to a more or 1 so degl'ee evident 

along the oity'e shore and on the bed of Little River 1n 

he form of odors, aouma end depoa1te obJect1onable to 

sight,, t,l.ttle River, however, is th only inl t i'rom the 

t•lEJrrimae River into the city pr-oper and t.herf.:,f'or-e tl'le only 

way 1n vhich this uneanitary oondit on oan be brought di-

rectly up into the busineee d1etr1.et. .:iv n if the thro 1ng 

of objucti.oooble terie.l from 'buildings alr.ttm the &horee o'f 

L1ttle Riv r ·could b prevanted by pol.ioi.ng, the ntt:1 a.nee 

just referr-ed to , ould ct,111 exist. 

Experienqe• ho evar, in other oitieo has eho n 

also that 1t 1e impoesibl. to prev$nt th miaus� of euch 

atre m by polioin . rt aeemB therefor ()leo.r- tha.t the 

only positive eure- or t,h preo nt obj6otton$bl oondit,iona 

is to oar--cy Little River throil,gh the city in s. covered eon­

Cl 11t, nn,.l thl.e a.pp lit". to b& th$ solution e.tlopted under 

sicilar c-0nd ... tio.n� in other cities.,

the eon truotion or the Jone Falls conduit in 

sa.ltimore in 1S13 :,; for t,he purpona of ourin0 a oondi tion 

muoh 11 e th t whioh e,r1ate ln Ltttlo .Rlv r. The two pro­

jeotn r vary 1m11·r n char otar, lthou.:h th former 1 

muoh 111.r r in ext&nt and exp ne • The :ill 3.rook eo-nd ii t 

in Worc<•uite?- and thG -:tony Brook oonduit in Bo ton 3ro both 



ex�mplee of ·hero it became neeee ry to efl,t'ry exiatinp; 

natural str f1tn. through oi tl 1 eovered oonduite to 

p;r�vent nui anoes. M ny oi tit:Hl havo had to , eet thi 

problom, nd in lmost evoey 1n tc.noe it 1e eolv d by 

conetruot1ne � oonduit for the filthy river flow. 

cono;r�te Pavement on River aea. 

Tllo bed of the r1 vor throu,y1 the ei ty ia 1•ough. 

10 

It o n be ittrProvr.�d y oonatruot rom wall to w 11 con-

or te flo◊l' o: si..mb a aha.pe th t, 1 t 111 be more self.,. 

cloP..nin:.,, than tho pres :mt i'Otlgh b d ia-, �1u-0h n 

imi,rovem<,1;11t, ho evet•, would n.ot f\llly cure the pr:eo nt 

nuia�noe, and ould coot sover·l tnous�nda of dolla� . 

:tt would not prevent th$ river eine used as a dumpin. 

grout , &e the present channol 1s used. It io true that 

it oould b� more e eily cle n� • but ·ould requ1�e jtet e 

conet,:1.nt policil'lg, &ny c1mount. o.r which expe1 .. ienee elsewhere 

has shown will not prev nt the mt uae of RUOh a trearn. 

This method i� therefore not recomm rcaed 
·.J' 

o. cure of 

x1sting cone.Lt tlons. alt 10UJ,.,h 1 t ould be decided 

1.mprov.,ment upon pr sent conditions. 

The following let·tr;r expresses th oplnion or the 

.. ta.te !Joa.rd of Heal tb on t is m ttor as all f.lG its �ooo, -

m�nd�t ons on the project afl a hole. 



"To �-!r. tiouie G., I.A. ton., 

C.1.ty Engin<•�er, ff �rh1ll, Maco. 

Th "'ta.ta Soard of Bea.1th ha& consider d your 
pplio�t1on tor advice a& tot pr poe � plan for improving 

the condition of Little River; whioh you d�acrlbe as 
f'ollown:-

1 donire to obta n tho oo.v· ee of y ,ur Bo• ... rd 
relative to propoBed pl·n t'or 1 proving Litt 
R1vt�r 1n thla olty 'from w shington Squg.r, to 

1ntor tr et. 
On coou t of the ro�h ond 1rreg\llar 

ohara.oter of" the preaant river bottoo retuue 
material ooll ote t vn.rioua l�,.me. bioh 
dPrin tlla dry eur.:mar season. 11hen the wa.ti,r 
1a lo , $nd the bed is egposed, b oomee Ob• 
jeotiona.ble. 

Our pl n ia to eonetruot a smooth oonorete 
p�v 1J1ent in the bed of the river, lo-ping to 
central depreaeiQn, on &. true- oata.blis�ed .. rade., 
With th1s pu..veraent properly conatructo:,., tho cley 
w ath r flo oul<i be cont ned to the center, •rid 
tha urf''..iee o the ooncrate ooul ba o a· ly kept 

Xn r, ii,iporme. to this appl1{)&t1on the Soard 110.a 
o used L1ttlo R1vor in th portion ot' its course in ?rhich
it 1a pi,o oa to improve the channel. th1 portion being
included oo t e n \'! nt.� r Str et and W ehington (:!qua a, to
be examined by one of ita engineora and haa considered the
plan present a.

Th& rea�11 to of tho ... :wnination of the river- ho 
tat t the preeent time the oha.nn 1 of the etr am through­
out its length botwo n nnter Streot and Wa. htngton Eque.r 

11 

ia bordered. i'or the moet p�rt by roultb stone 11a11G hioh are 
1:n ro.ony plao Ha out or i•epair, while th$ bottom ts v ry 1r-
r gul • .. r• bein6 oov rod 1th atones and espooi lly with larg 
quanttticB ot detritus, including tin GBnR, ooden oxes nd 
1nuoh other refuse. 

'fhe tar of th river above Win i- Str-eet 1e used 
for manuf oturing, larg pert of th flo at the pre ont 
e _ t �m o t,l1a year b 1ng used in the vartoua . rooeeeaa in 
t 8 mills lone,; t,he str am" nd e.t t e time of the 4�a :1in .. 
tion tl1e entire flor, ot• the tre-,:::i belo; V!in or )tl"8 t wa.e 
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highl:r colcr�i · 1th monuf'aoturing w ste. By carrying out 
t.. e plan sug�€! t d the bot to of the ohann�l \-vould be 
10ator a.l.ly improved., 1 nd by reoon tr-ucting or repairing 
th& sido walla the channel could be brought into euch 
condition that ... it floating m tt(ro are k: pt out ot it
and the bottvm 10 kept free fr� d trltus • 1t5 ean1tary 
oonditlon would be eati•fcetory; but the & 9�iono ;·th
simile.?' Cl'!l'd.On >la flowing throu�h d�t16$ly popu]. t. ;d diS• 
t ieta ho.a f>en that thoy aro u �,1 to v&cy great extent 
o viaoea of depoe1t tor auoh materials ae are now found

1n tho channel of Little River1 inolud n� �uoh foul or nie
matter, Md it, J.a very d1ff'icuit, 1t not 1mpr ot1.oa.bl, ev n 

i th a ref'u.l innpeo "ion nd rrequent cleaning. to k ... ep ua .. 
ohannela in prop�r condition. 

�n the opinion f the Bo�t'd the b� � preotioable
pl&n of prevent1ng efficiently f'urthor nuia nee from the 
channel of 1,itt�lo : iver will b� to aover th o.ha.rmol oom• 
pletol�' ,li th ti 1:,u1.tnble stru.ct· --e OG.P hle or carrying ot·f 
tll� flo or the strea.'?l ..... t timaa of.' extreme fre hot, .. 'be 
coirt of Buch e. oh&nn l will of course be much gr at.er than 
tho ooat of improv ng the bottom of tle etre .lon • s.nd • 
since it 1 vary tlaatruble that .� ter1al improve ent in 
th a 1•0am sh uld. 'bo mw:1e at the $arli•�et on ible t me -
1 t :ta ad1tiar:.ble t..Q j;,npro e the bot om of the channel by 
ooverin� i d. th oonoreto a.a propon :d• and in carrying out 
thi'1 work to prc:r11d. , no t• r ae pr o"' oable,. for t. e inal 
oove in1.1: or th. cha.nn l throu�hout 1to len.t, fr- m :.1nter 
ctroot to rr1. hington Equ!1ro. Until the ohe.imel is cover d 
th Soard reO<:h mends that 1 tr; u � an n pla.o or deposit t'or 
r tu� of �r kind be pr$vont�d, eo far $8 ponaibl * and that
thfi oh�nnel bo olea,nod at the neoeesary intervals to ma1nt in 
1t_1n e �itinf�et-0ry s�n1tary condition., 

l�hq Boa.rd furt,he� rcgcor:atn&nde that foul ma.nut oturin(.;,
w et,e an1.. at.hflr pollutinf. liquid be disposed cf J.nt10 t,he 

ewere n,m.l t,he pollution of the �tr am be prevented. ,.,

'fh· eoncluaion • re�1..cht:H'.l by 1ou en 1neer, hil 

they aooo:rd -�1t,h t,be reoomrnandei.tions mbod1ad 1n the bov • 

letter,. wer in no wwy nf'luooc0:d by it. :fot' the existence of' 

thin oor:imunioation f'ro:i t,ho st te aoar,d of n. l tb wae not • ia­

oovered by him until al"tor his plan.a .and r&port ore practioally 

completed. 



Two methods ha.ve been worthy af oons1deration -

(a) 'r&k1ng the R1 vei:-- throuy)l a. ecndui t oc,netruoted 1n
n;e;ae� st. 

{b) "'a.It:ine the River through � oover<1d conduit aon-
8tvuc:ted 1n the pree�nt river bed fr-om �inter 
B t. to the Wtiah1n!Jttin eq., e.ron. 

th1le cor..a1d'$rt. tioo wae given to �bo.ndon1r..r he 

pt-euent. loct'S.tion of the ri er tc,i.nd taking 1 t through. a lar�a 

straight. conduit construott,d ln gfllsex st.. from Winter st. to 

tho �;errirnac River• its 1nterfer1,mco wi t·h e,c1et1ng sewers. 

WE1J.ter pipee, public e6rv1oe pipes a.nd conduits• and it .. 

e:::permo, ot1-de the abe.ndont'5ent of thic, idea neeeeeary. It 

• ti.� b&Qome a;pps.r&nt tha:t. what ver oonetruot1oc 1o done

shcmld be e.ooot'f!Pl1ched e.loni tba present loosit1on of t,he 

rt,rer., even thoua;h 1 t is in plaef'i8 qui.ta orooked in e.11ne­

m-ont. 

(b) )•a.itir.1g ·Little P1ver 1n Covered Condu1t, oonatruoted. in

·rhie method a.ppears to be the only complet� our- or

thn pr&oE'int unsa.n1ta,ry oornU.t1on-e. rt la th mean to ;rhich 

the a. ty must eventua.l.ly x·�sort. 'l'ho nuisa.noe in t,h$ river
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1a not 'tu) Ut!it ie l:te.ble to p:row a.ny leos as yeu .. ra roll 

on, but will zr,ow tao:t"e eerioua._ 1;:xpendituree f'or make­

shifts n.nd f'or constant oleaninp; of the riv11:1r bGd �'1h1Cll 

m1iibt some 1hat nl1ove the ta'•�sent unrd�htly coooi tior;e, 

will be l.�rgely wristf'd,. f<n· a GOVf�red conduit mllat eventu• 

fA-lly be oont:t t�t.l,oted1 a.nd if t,be nuie&nce has grown to the 

xtent evident tollay it. oertl.ii>inly r quirns rel1et .. and the

only reil-1 cur<" or condltione s ,oul.d be applied. 

A l\msll. pl�n �. profile of Ute :river e.nd the 

proposed oon<.'tu1 r. a11e .aho n in 111igs. 25 �IS. 26,- w 1ioh ar-e 

ruiniat.u..r-0 oopiea of' tliti' li,.,rg� Plfl.n f'..U<l prof'i.la ( Figs. 2 

and i ). They aw& int.1,.oduo,1d in the repoa·t merely to make 

it mo:t"e oompltlllte wheti 1 t ie not acoompAnied by th large� 

drei.w1ngo. 

ln the deeign o£ th1e. C)OVt>red oondu1 t 1 t ba.e been 

ne.oe$aery to givo veey oa..r-eful. ¢<ma1dere.t1on to the afteot 

l t,. w ll have Qn t,he water 1 vel at, ·i;ha tailrac oi" the

Pentuoket itllls, e<:'> t.ha.t in low wat�r oondltlone the he d 

on the water wn el at the mill 1,111 not be e..ny less than 

under the p:re-ae-nt condi t,ions a.rA ao thffatt in the unusual 

high wnter oonditiona w�ter �111 be disuhargod through 

this cond:li t, as rapidl,r a,g. through the pretJent channel 

!U1d w.111 ther<ti'ore Mt b�ck up in the PentWJk:et ., llle ny 

· h gho:r or run oft a.ll.Y elower th n 1 t doae uncl r pres�u1t

condition • To raHtt thoo.e conditions sat1efa,otor1.ly to

the o nera or the Pent.uok@t *111.s th· designs for the pro-







x,ooed contl,•1t. have be n i::ntb"l11tt,ed to r., n1oh•:\rd A. Balo, 

en�ineer for th Pentuc�c,t 'lllr:J: �ncl after aeveral con-

for �he ontuekot , :ills .. 

followat-

ttProfea,oor 0 • '.l, Br$ed.,

•-r,n:wronoe,. �1.s.aa., 
October in, 191611 

Oomml ting H.ngin er ·te.verhil l Boa ·d o.r a� 1th­
Bost n, ;aea. 

a. Fn1s1neer ro tho Fontucket J.ille I hsv
no.a a tbQroup.:h exe.rn1nu.t1.on of thA dea1.;rn i'or tho 
pr1.,p(n:,rorl t, in oha.nnel Qont' u:t t raoct'J.�endod in your 
�eport to the ao rd or Health of th Oity or H ve�h1ll 
dated. Ootoba-r 21;1{'16, a.nd a.a a; roa1�lt of my· 1n­
veotigut.ion, e.ncl wi tr.! the aut�.or1z. tior. of the o,:,n r 

lfi 

of the PfSntucket �· 110, the �. 1. Stevens nd ons Cor:ip._ny, 
l h reb,y approve your dosign and am aatiefi l·that it
properly .. onservoc tre intereet� of' the Pantucket '-�11 la.

Yours truly, 

(H1gned) B1ul1. rd A. Hale, 

Engineer f'or Pontucket '.�illo. u 

the propooe conduit 11 have pruotically no 

effect up-on t .e ,xis ring bu ldi.ngs or ria.lla .,.long the bank 

of tho r vor belo. .'1nter st. All of the draine fro11 those 

bu1ld.1ngo \Vhloh di.aeharge tnly watel"' • lll b� connootsd di• 

ractly to the propoaoo oonduit. 

GC'.'iLra nd f'aotor-J , e.. t.o drc.ine could lso be . Je to in­

charge int t.he eondt11 t.,. but 1 t, 1a dee- ·1ed adviE-ab_ 11 or 



?"eaa( ns expltinnd liit�r, to connoot all aual drains 1th 

th8 existing o1ty sewers wh1o oan ull bv¼ done in a pr a­

ti<H l ma.nner.-

'l'hn p:reeont &butt re alon.. the r1vsr ill not be 

deprived• by ttio oon truction of th conduit,· of a.ny of the 

advanta ea it now pr s nts to them. on the other h nd_ th 

oompl11t oov�r1ng or th1e 1"1ltb1 stre rn -will be a co oidr-rablr, 

irnprover.'lent to tho entire looa.11 ty t.hrough wh1oh 1 t fl we. 

J.t �111 of thase obj otion ble �terial - re thu 

k·,pt out of "t.he propo� ·ct cmndu1 t thart} oa.n nevor- in the 

tutu e be a.n:, objection to a.leohurging o.11 of the t"lo�; of 

Littl l iv r d1r .otly into th uer1"ima.o R1ver at the nhi>re 

line. The �t•�te Department ot"' Health now requiroa- the city 

to oxtond any now a w1-n' out.let to deop water, and in tho tutur · 

1t may require the exteneton o� the ��1-ting ewore hioh have 

their outlet, at t,ho ohore 01' tha :�erri"IAO iver, but such re­

qu1rP"·. nt will not apply to the Little lliv r Cona.u1t 1f' 

sewage io not ndr:d.tt ,d to it. 

J.n ,he futu.r6 H·v rhill may ev n be requirod to 

f1lter or to ohem cally troo.t all ot• its . e f\g , and · h n t at 

tim6 a.r�1ves no rev1aione ot the work propoaed in thia report 

, 11 , ba n ,oe ry, for the rlo from the t.ittl River conduit, 

:i.ll be pure enougl"J to be psrml.tted to disohat>ge d rectly 

into the Herrima.e. At that. tlma the storm te:r nor. oar-

r1 d by t.,he EBae·x 6 t • eewer- a.nd b,- other eombin{:)d $8 ere 

:1hioh lio rit.h n t.he natural drainar.: re o Little Riv r 



oa:n &.la.c bo div·Eu'•t d. thrOUt_!h rrt.orm vr,s.ter drain� into t,b� 

Little P.ivt-r �ondu.it and thus o11m1n,,.te large quant1t1.f'}G 

cf we.tar trom ·the fil te-r b&c:le. 
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Tht, buildings from but thr!?.le properties now d s­

oha.rge aewaea int-0 tho river, the Ooomb..� and t,he t �o ,•,1.ylor 

p1•op&i·ttoa on limerGc,n st. 

Enmr-t;lon !:.)t. 
t t 41, l l"il,o; dtl />fl J 1r 

At, tho pras&nt tiriJ • all ot' the sewa�e from th1a 

bui1d.1ng emptie� into J.,itt,le Htvftr thro,:igh oM openin. il11 

1'1":e- baeem:ent level of the 

building ia a.bout 9 1/2 ft. below the grooe of Eaerson st. 

Obviouely toilet 

tixturee tn the baee-:oont of the Coombe building- oa.nnot drain 

by 6r�v1ty into the Emorson �t. aewer, but all ee-a�e above 

the first floor level 0�1 be connected �1th tha am�raon st. 

sewer, �md thtl ba.1J0ment fi:,:t,1re-$ oan be dreined to the i'l&ll 

ot· a e&wae;e aj otor which oe.n be 1net$.lled in the bnae'.'ftetlt 

of tbe Oooroba building and wn1oh will utomatically pump 

thoroughly reliable; tMy are auc.Goasf'ully used 1TI th ba.ae­

monts of moat of the lo.:-30 department stores� botela and 

thee. trae of" Boo ton and other oi ti -�e. 
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The condition in these buildinge ia almilttr to 

that in the Coombs building
,. 

except that t.he sewage is dis-

again. the eewe.ge from above the first f'locr can be ta.ken 

by era.vity ·1nto the Emereon st. sewer and the basement .sewe.ge 

pumped into the Emerson st. eewer by meane of �ewage ejectors. 

Certs.in factory we.ate,� which are acid in character 

injuriously affect the concrete of which the proposed con-

dui t, is to 'b� const,rt.ietod. Thie ie true of the wastes 

which a!"e discharged f'rom a.11 of the higher lavel drains 

f'rorn Lennox & Brtgga tannery. The disohargee from the 

tw�er level drains at th1a point a.r:e alkaline, '9hieh

willAhave any delete�1oua effect upon the materials of the

proposed conduit. It is proposed to connect _the �pper 

drains, those with acid discharges, to a sewer which dis• 

charges by gravity into the Duncan st. sewer- a.r:id to permit 

the other two (low-level) drains t.o discharge into the 

conduit. 

(2) Pentucket Mill$.

The only othe1;1 oasa of factory wastes discharging 

into the river is that at the Pentuckat Mil.ls ., The prob-
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·bility is th�t th n, d1oohergos . nter the rivor eo far

bove tho end of' the pr<:tpoeed corlilu1t as to be diluted ao

uob that they w111 not bo injurioua to the ooncrete of

the oondut �,, but 1:t" f'Ulrther 1nveet1g,tt1on or eKper1Qnce 

eho a thia not to he the oan • thee in3ur1ou m ter1als 

can be drn1nad to � e��age e3oetor h1Ch will automatie lly 

d1eohar6e th&-m into the 'Wint ,.r st. s • er. 

Yi ld of Littl& Riv r Dr�inaP, Ares. 

The m&..<iti.:num di• charge of Little River of w�ioh a.ny 

kno,1ledge 1 available ia about 700 cu. ft., per f'eo. At 

eovaral ot.h f' times 1 t he.n re , ched 600 ou. ft. p r aeo. 

Undtt1" all auoh high water concU.tions the Pentu0k t .tlls 

ar flooded� ru:t h n the 1e.ter 1n the '.err1rnao :La also 

hit.h tll • a flood.in,; la oorious.. Twtoe !n the pn.ot 30 y re 

the : ... rr1roao h a r1 en oo !: to flood Wa.sn1neton q a Park 

a.e �hown in Ftg,. r:.7. The proposed eondu1t. has been oo 

de 1r..nat1 the.t at 1to upper emi it floor ia a 11.ttlo 10·�.or 

than the bod ot' tha proaont ri.v r ao e.·1 to insure e. fr e 

run - otf' frot'l the tailra.ce of Pent.llokot :alia and thw cause 

no damage to the ater po.er of th t industry. It ha 

a1,,o been dostenad o that it ill d1eohnrge 1200 cu., ft.,

f>f�r �u,o. 1.1.nd not oaus• br�o :water f'f ot t the ont,uc et 

:lill ·11.ch r1ill be a y or-ne undf,r any eta, a or the 

Merrimac t}"iafl that which ha.a already b•. en cautlad by f'loodn 

no r;reh,tfrr t. an "'O to 700 ou. ft. pHr �eo. In oth r word , 



Fig,. 27. isshington Square l?ark .. March 4, 1896,, 

Photogrs.phed by Eostmaster Lot m.c wnam. 



eseu.nd.ng tlm.t no grei.t.,�r floode oeeur in the ± .. u.ture tha.n 

those wh:toh havf) occurred dur ng tho pu.st , o YEH\ra, t,hen the 

Pentuctt�t Mtlle will never e. ain be fl.cooed a� bi!ldly 1.r.s they 

nave ooen in tr.e poot, 

A em llar oor..dui t, o:r Gourse, could he;ve heen 

d.eelgn&J' to o:a.rry eay 700 ou. rt. par oeo. with the EH1r.-ie 

'be.ekwtitar ,:r.rect F11,t tho Penfaioitet 'Ulla (').S under existing 

oondl tlt-;M, but at·t r an ��hat&" t1ve at.u�y or all date. ava.11• 

• ble it ppeo.red to bo adviis&.ble to proviae :for floodo oo.ne­

!'lat a;f'Gf.l.tor the.n thooe whiob hr;t;ve �otua.lly occurred s1n<.:i�

reoorde ha..ve been kept. at Havetthill. 

'l'he tmokwatQr f->ffoot 1n tt1 ea.se of �. rectane;ule.r 

oond.ui t l i ft,. w1<le and lta ft. h1gh ie sha111 n in Fi s. 48 

a.nd 4H in the a.pp�ntU.1e f'OI' c'U.sobfkr•1t�a of soo end 1200 au. rt.

per a c,. BS.1okw6t • r C\.WV$a :fo-z· the proposed condu1 t • i,ould 

be praotioally like th&se eux-vea. 

Two diff •• roent, typ1eal aeotions for the proposed 

comu1t twe ahown in Figii. 28 and 2�, the t'ormer l')$;1..., 

oon:.111 t with tw1n cl�anneln and. th lottel" a a inrr,le ehe.nne-1 

oomhiit. Bo ,h de J.,�·oo have praot1oa.lly the s me diaenarge 

o pao1ty. ( ·tu) Ta.bltJ J ar.d II in appendix) ..

The t.\fl!'l &eotion 1a about 2 1/2 ft. id.er the.n 

tho sin :ilo oondui t ar.d vr.tll eoet s.bout a per oent more; 

but 







one u1do oe.n be ocm.,�t.ruote'l t a -tlroe w· il thi n tural 

flow of' the r1vrrr i.H Of.U'ried 'n t·1e ot"Af" half of t,e 
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pr eont chennel. I.ts floor oon b dea1gn�d of �uoh sha.pe 

that. �loeitiris eref\.t onou:h to cour t�e channel olear 

o tn be obt.aino<l even r1hen the wait r flowing 1n the riv,.,r

ia rolat1vely smell 1n a ount. All of the flc can be 

taJum through one o1:' the twln channela under ord.1na.ry 

oontitior.:o ,. whioh v11ll glv.a t uff1oient velocity to �.ee 

1 t clean,_ the eecona chann. l oornin into use only 1n � i�h 

wata� oond1 1ona. At th& upetr Brn end of the conduit atop 

planks obould be prov1de( t oo that 1f the conduit nould 

boO(JlilO eilt d up the entire flow of t,1'..e r1v$r can • t en'J 

t.1.me be diverted t,hr<'>U "h one cha.rmel. t.,t,ere 'Y' produoin . 

v•locity of flo ou.fioient to tboroug ly clae.n the oha.nnel .. 

By nns of thee atop plcm;o oleo tho f'low can be dir oted 

so hat any n edcd rep ire OQ.1'1 be a<J.e 1n eit.her 1de of 

the conduit. 

the Rtlvan,t r, of the stngle over the d.ouble oon­

du1t appoci,ra t,o be prin1,1pe.lly in th& faet tho.t 1 t 111 

oout bout 101 000 leeo, w.ich oo t would prob�bly be eo e-

hat offeet by :Lnorotmed maint nn.noe to teep the channel 

cl(:) ned. shouJ.d it beoome silted. It 1 not · xpeoted 1

howevor, that muoh r tl'lic oleanl.n; ould e raqu1 ed 

beca.u�e �t evory ahr:..rp, hard atorm the flvw thX1otlih the 

oon.du1t •,.1:)uld ec ch a 11teloo1ty aufficient to eeour it.

Theoe st,orms. ho aver, might uome at euob lon� int€trval 



that eome oloain1.ng of the conduit IWlight be requt:red; 

and a.a the a ingle co�d,ai t 1s la:rg r in o r<",eo- ootion 

at, the low. :r i:tr.geo or th :river the velociti a will be 

low·er and henoe the l1ab1l1ty to ailting gr ,.iter. 

Takine all thinge into consideration• th twin 

seotion,. l11g. 28,, is reoommend d ... 

The oondu1t r.� be. n dea.ie;ned o r 1nforcr•<i oon­

orete of f-3tr:.:ngth nutfioient to up O!"t a atre t and 1 ts 

heavy tr.a.f:f'ia. . 'L"e different con1l tlone of loading .. av 

been oo.nP1der d 1n th1f!!. d .:;1 m, oover1ng l\ll t.ho r;oaeiblo 

"ondi t· ona whioh could preva.11; t11eee a.re f'ull;ir enumer tod 

'l'h 1nu11-te d1men{?:10l'l,· will b uni:for,, 

and .. l thout uny obatruot1on ha.tever t11rour�;, out 1 ta en't1r 

length, nd the l1nin� �ill �e a a ooth ooncr t .  ere 

oolumn supportA for exiating buildings h�ve been built, 

auoh support$ will be ea.rriod dir otly on top of' the con­

dtt1.t, neooosit tine ape,oia.1 d&.aism 'for the roof at. t, eo 

The in�peotion con ·be cad through conveniently 

loeatod. mar.holes.,

ce 

The Loo!m St. ewer, whi ·h now p«l.seoo directly 

through the Looke !,t. a.roh tind tn1,erforea lli th the flow of 

the river t.t h1gher otar a,. ia to bo oorriod. under the pro­

pooed c ndu.1t bf rnoana o.t' a. s �-call�d i v rted siphon, w· ioh 

io thorour-hly pr ct,ir:.al ,;on truot1on for t.h ee cond.it.:.ono. 

At the atreat� the co·nduit will b carrioo. directly 

undtJr the ex r:t i rm arches w.:ttnout 1nt,erf r1ng w1 th any of • be 



present structur c,. �nd alor.ir: 1te entire ch.>urae 1t rill 

1e ru::1ido t.ho e1r1r,t"i.ng alle of' the river. ' o esist 

further 1n urxterfltandior:: tr. looe.tlon t.i'11s p1 )'f'O oo o .in­

duit •ill ooeupy with r foronoe to exiatinf; ctruotur$u, 

typio l eroas-seotioru, h ve b�;an prepc..rad 1.:ind are Si o n 

in Figa .. �o to 44, ineluoive. 

Foundatt<2ne. ��np 90!l,st�uotion Faa�ur,�;• 

83 

Sorin� , ere mat.o in u .. u t, 101a by The Ohn.rlc 

n. Go oo. of Boe-ton, under the direott< n of , our nain(ter,

at a ooat of 9520., Twenty-tour holes were dri,ron in he 

riv?-r bed at int rvaln throughout t�e entire length from 

Wintor f1,t. to ;iashington squ��r , w1th t,he un1t'oP(n r eult 

that t '6 t'ounc.tat1on !'m:• the conduit will in t.t.11 places be 

either gravel ··r m1xture Qf' aa.nd and gro.vel, exce )t ln 

the v1c1n1tf of Winter t�t., where sand pr<'V&ile f'or a 

depth or 30 rt. 

Fig. 50 1n APP<:'nd1x eho·a the looatton where anQh 

borln. �.a.a made and Figs. 5�t t-0 54 give in <l t �1 tJ e 

nateria:.la anc01.1nt t"�d at ea.oh borin ,, An 1·row in drawn 

1n red <J.n each ooring r-1howing here th bottom or t,he oon­

duit will coi.ne an tno mat r1aln \h1oh will b encountered. 

Theoe re !Jl ta of 11,>rin.gs indic.a.t.o olearly thl'lt no

pil�s 11.t.ll be noacied throughout the ent1re len th or t 1� 

proponod oormt:ruot1on. It will, t•owover, bea.d.vinnble to 

drive a rmv 
ot a ilin d ' .P� shoot pilin . into th& an of 

.... 





M/ASHINGi"f.ON 

WASHINGTON 



DOW.NSiliREAM 



























tbe 1•ivNr bed nt tiho up-utream and of the oond·ti t and 

properly bond it into t,he onnortlto floor of the oond i1t 

to ot eta a cut-oft" for the wtA.te1", w�\ioh migbt t�md to 

undermine th5 UPPt'r" end cf lt. It .111 ale<> be advlaablo 

to pn.v.e part. or tt.11 of the area of' the small bay hetwoen

'tho uppor en-'t of t,ha oondu1t e.nd t.ha Winter St arch.. Two• 

conduit. 

9,E�Z-�� tz.!.�t:.,� ,S,tl'�. t frR1� ,w;�e�1n3ton sq. t� LOC!tO Bt.
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It is r:ot tho underatnndinp,; of' tlOur engineer that 

he 1a to proo$ed farther - t.han t-o report npon t.he pr pell" means 

for abating t>t L1ttle iUVt,\lr nuisance.. He has, however, 

interpreted h18 instruotionn to be rensral enough eo t.10.t 

he ti5hould at leb.1:itt oa.11 a:ttention to other poo.sible mnn­

icipal 1mprovemonta which would be cloe ly 111.lioo to this 

projeot. 

To do 



the ama.11 buildings on the north side of 
Waahington Square ownetl by David, Priest and Birotet 
and by Ohaee & Laubba.m a.r.d now oooupied by Wal te� 
aooutolleon•s restaurant and by Carbone Broe.' fr1it 
fftoro. (Fig.45.) 
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Part of the building on the Eouth it1a of Loouet 
St. owned by The t'h:�a.nv11lo Ru ,m Ra1rs e nd now oocup d by 
'f) e United Shoe Reps.iring oo. and by '.tho a.a F. Oollin •a 
tob�ooo etore and pool room and bowling alley. (Fig.46.) 

Fi .46. 

The two buildings on the nor'th side .o.f Loouot St,. 
o ned by I.mu1a J. Soinette and by Bas l :1. 01..,meau and no\'1

oooup1o by .. i Chineae LatW.d.ry and by '!orris Shyk1n' \� dry 
goods store� reepootivoly. 1 Fig.47.) 

,�-.... 

- -f ''' 

��

F1g.47. 

The a.eaeaeed value ot thee ta.kings i about 14,n • 



such a otreet oan ha oomt:ruot d with a idth 

of about 30 ft. wi o t eneroaohin on any of the buil,ingo 

on the abUtting properties. It will bo of oonsidereole 

value to thff owners or prop$rty abuttinn n the riv8r; will 

prov de anotoor tea'"llng &.nd pod otri.:...TI . a.y into tho mi�:ct 

of the f' ot,ory d:letriot 'bet re&n Esae:x st. &nd Walnut st. 

r!d w 11 afford a valuabl way for ap ro oh of fir a,par-

atu in the ovent of fire 1ri this district. t pree nt 

the approa.oh s for auoh appai-e.tus to pa.rte of this dintriot 

ar very oircuitollll, narrow an wk ard. suol a etreet a.leo 

r l ev�n Ease� st., wh1oh i only Oft. wtd, and l.n whioh 

is loo tod nn eleetr1c ca.r track. 

on account of the looation of the Ease s-ooiate '

briok building over t,h r!.ver at Loci.re st. it is not Jrr,o• 

ticable to ext nd thia ne treat up to th r ilro d br1dg; 

but ninoe the oonduit 1 des1�nod str.ong anougb to eupPort 

such o. road•a.y throughout ite ent1r length it is thorou 1ly 

praot1cable to com�t,ruat e. roE.d ov r any portt n of it h -re 

t rill be of service bo the public C>f" to abutting pxoport e . 

'the taking 11.nos for the propo ed new str t are 

ahown in reel daah lines on F1g .. e. 

, e grnt'! 11n of the pr . p eed n . treet is 

shown. by red de.ah l1nee on the profile. �ig. � .. Two dif .. 

fer nt pro� 1 lines are anown for it* th upper on being 

the on reoommeno.ed. The 101 r rado line 11, ho ev. r, 

not intorfi,r ith the indowa of €Xiot1ng buildings as muoh 



aa the upl)(:tft one w lll, but in the event ot such e8trame 

high water in the Merrimac as to flood Waehingtcir1 square 

the hollow portion of this lower proposed. gradG 'WO ld be 

fi.llad with water a.nd flood. out the adJacent :f'aotoriee. 

Such a flood ha.a ooourred but t-wioe in the pest eo years. 

Another disadvant.a. e of the lower grade line ia that tha 

yards ot· t.h� abutting propo�tiee ,,111 not fit e'll to this 

grade; but r11l oonneot in a thoroughly praot1eal manne� 

1th the upper grade line. Fig.5 shows every building 

on both sides of the river. their floor levels, windows, 

druna and retaining walls. ,�nd from a atudy of th1e pro ... 

tile the relative elevation of th& proposed atreet with 

r$epeot to the several buildinie along the river can re-ad .. 

111 be seen. 

ea 

It will be observed from an examination of the 

profiles th.at the reoommended er de for the eugp;ested att'eet 

wlll 1n all 1natanoee b& below the windows of the present 

pt•opertiea exoept aa f cl.lows .. 

Ohei.ee & Laubham (12 windows) 

Morris � Jacob Bloomfield (5 w1ndowe) 

aastl t;. Oom�filiU (7 windows) 

Marly L. Dinsmore (l wlndow and l door) 

Michael r1'• m.,c�rthy (8 window anrl 2 doors) 

Granville Rugg Hrs. (6 wtruiows) 

c. r .. Coombe (8 windowa)

J. 1I. Winoholl e .. oo. (39 wlndowe)



ln rn-any of these oaaeB enu.1�erated the lo11er half only ot

the w:lndo '8 v1ou.ld be eovorod by the new treet grade. 

The aection.a (Figs. 50 to 36 inclusive} show 

t.hi.s na street in oroae-eeot1on, and froro them _it will

be aeen. the d.-1va\'T&ys and ya.rd.a between t:ne present build-

1.nge will join in rs. pra.cttoa.1 manna,- ith the suggested 

ReliE>:f'B of' Preoent Eaeex st,.. riewer. 

During ahort, hard etorms the !lase'.;( at. sewer, 

whioh is a oombined &�wer, oooaa1onally beoom",:Hl overcl':.argod .. 

To pn.rtially reli$ve thta condition a 24• �elief drain waa 

built from a r�lief cha:!lber 1n Esselt st to Little Riv r 
. 0 

a.t t,ocke st. Thia relief' h&e not proved to ba ouff cient 

oeoaeiom.il flooding ot t,afayett� Square. ?his flooding 

1s due to the ta.ct that th·e storm vuJ,ter flmtJs so rapidly 

off' from the steep r,rwios of the Hilldale Ave. and. Brof.l.d ay 

d ijtricta that the Eseex st. eewer cannot under unusual 

It is 

therefore pr-opoaed to oo:rrect thie dif:f'icul ty by conat.,ruct• 

ing an additional 211i19 relief dra.in tl"om the Eeeex st. eewer 

to L1t�tle rU.v<.�r- at W1:nter st. 

Neither ot' them� rel1e:f'G will n.ct until the 

and the character of the d ischaree th:routr,.h these r·eliefe 

wlll then bt} alMOElt, entirely storm wa.t ,x) W'!1i.ch could properly 

. be d :laehtt.rged into the oondni t ..



Tho propo ·od x•el1et' at Ls.£nyott Square will be 

temporary reliat; it probu.1'ly wlll not be requirt;;d .-r;han 

tl-ie ato-rm wat,&r dra1no which have been deAigned for the 

Hillda.lo Av+.. district have een oon1\tructed., zinoe thoe 

drains will e pty ai�ectly into tittle River. 

Lan:;1, T� �nGa.

1.t 1.s reoommended t,hs,t the city take in fee the 

l· d lyin5 betwe n the two ex1at1np, �all of the river, �r�

that where no walls en1at tle t�k1ng l1ne be 5 ft. outsi·e of

the w�lle of the proposed oonduit, which 5-ft. atrt, would be

within th prommt riv£,r bed beca.u o the pro ... >oaed oend dt 

If this i 

,done the oity wlll then t, r.1,ll timoa have acoea to the 

co nit tor r. ,p .... 1ra or other urror·Eu-�. If on oaso::�ont nl 

over the req • red land is ta.· en the o1 ty w1ll from ti ·r,o ,o

time ha.VG t.o face tho problem of d.eterr.aining hat {inr�e ot 

struotur n may or m�y not be permitted to be oonstruct�d

over th oondu1 t .. If "truoturen e.re built over the C:'>n-

duit the;tr are liaibl to es.use emoa.rr s>nent to the o1 ty v ,en

repa,1ra to the conduit may be needed in ,he &ome hat distant

fut�ure .. In a few isolated inctanoe , wher-e .ieting bu l<in ' 

11.6 ov.i- the s1te o the propo"1ed eor. 1;it, the ei.ty can t,.,1:•

oaeoritmte ln1Jtee.d of a i e title to "'he l!!.nd. 
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The writer has not atter:1pted to estimate the 

VE"a.lua of the la.nd. coMpri�in_. tbe bed of L1ttl River, 

bncauee it appeurs nt present to h;.:.ve no O<>r..un,-:.rOit'!.l value; 

the eity QB$@$soro do not oonn1d�r thie lend in appraising 

any oi.' the ahuttin5 property. The etrea.m ia ot navigable 

in &ny pr&Otioal aenae and th wator disoho.rged through lt 

ia so filt y that it is or nn uae ro manufacturing pur­

pooo . In r.�ct 1£ the water war not filthy it would be 

of praet1oally no oommeroi l value to abu.ttora alon the 

river beoaufle its flow ie not dependable; t'or several w-, ka 

in tho year it ha.a pra.ct1cftlly no flow at all. 

In connection 1th the uggeated .stre t from 

Weshington 5quar to Looko st., beaidee the taking of the 

1� nd lylng between the present river W<-1 lls ,, t e city should 

ta.lte porttono of' the narro atrip;o of 1:i.nd lyin bet ieen th 

t1ps ur the present 1alle and the existing �uildinr.s. - this 

!'or the purpose of' buil .1ng th street 30 .ft. '• 1de or as n r 

30 f't. as ia <JOrt:-'11stent 1th taking no land no ocoupif..i.cl by 

bu1l.J nga.. Fro \-Va.shin ton oq. to r .. oolrn st.. these strips 

average about 2 ft. wi e and 1ave a total rea of only about 

1900 a .. f. cons id er .tng the benef'i te to but t�1 rs th·. t. mi.ch a 

a ree t oald pro-sent. it d.o a not appear that the t.ota c at 

to the city o:t· thio. 1000 a. f. of land s },ould roach e.:ny rel­

nt1valy 1 ree figure. The average assessed value of thi 

land ia about 60f p6r sq.ft. 



Leg�l Featux·e! .. 

!t a pears thr.t by Act of the Logieln.tu..... in 1926 

f;zok1o1 Halo WM au ·horlz.ed to eep .n and e.lter he oh nnel

of t:itt,le Rivll)r wit �in f.rmr ye-are Bufficiently doep and wide 

o that e.t orc11nary h1f!,h tidAe rn.f'ta and bon.ta oo ld be

floated on the 1� .1. ver. No ep oifio place for a public 1, nd­

ing W<..i.J3 rt:entiont"f.d :i.n tl-·ir: a.ct, but it �ppe:�.ris that a r-o-

CHt led "Public L&ndin,tt;tt now exists on the w t hank �11· t.he 

ri Vtfr J1,te t, below i'int ""r Dt. ( SGe Fi • 16) 

If it, 1e fr.iund t�.at. t.,e gontn""�l law ie not r,uf' .. 

r10:t'8.nt to otu·ry out t;-110 projee;t,1 thf;ln ep(>Ci. 1 logisla:t Lon 

cn.n be enacted du:ring the co�·1 na ,irlnter ao thr::.t tha wor ,, may 

at rt, next opr1ne 1f' deem(�d ac:lvia-r:tble. 

Eot:tm tad Oest. 

Under the prov. iling high and rapidly ch nn:ing 

prices t"'or r, ter1c.lo and lnbor any estimate of coat ·*de &t

the i,,:r Ot,nt tine • at be relat vely uncertain. The follo ,-

int oet:i,.Ma.te h o been based on present pr1.0fJ8, wh1vh a.re 

much 1n axooao of thone hioh p. eveiled t o years a __ o. 

Tho otimated oo t o the proposed oond:,1 t x­

tfind1ng from Winter 't. to -�e�ington square, lnoluding

3 fte of filling on top of tha conduit and 1noluding en­

gi1 aerinr:t ie 105,�27. 

The est1.mated ooet of oonotruotirw, in o.ddition 

ttJ the conduit, a new street with concrete pav ';ent, gra.n1 ·e 

ourbs a.nd 6 f't. gro.nolithic eidewa.lk on top of this oond--i.it



from Locke st. to Washington Square is �9,004, exol'U9ive 

of the oost of three properties and narrow stripe to b 

acquired, the asaeeeed value or whioh tote.ls about "' 16, ooo. 

If the conduit 1s to be construoted a portion at 

a. time, the followin scheme oan be ca.rried out. Ea.oh por­

tion, from street to atreet, can be treated a.a a separate

s ection and can be eonstruoted without affecting the rest

of the project. For example, the work from Washiwton 

3:3 

aqua.re to Looust St. can be 'built in one eeaoon, fvom �oouat 

St. to Locke �,t. the next season, and so on.

The following tabulation of the estimatad oost of 

the projeot by sections will o.esist in determining the ex­

pense or carrying out n.ny pert of the project; these are 

exolueive o� the street oonstruotion but include a fill or 

3 ft. of earth on top of the conduit. 

W�shington Square to Locust t. 

Loouet st. to Locke st. 

Locke st. to Railroad Bridge 

Railroad Bridge to Winter st. 

Washington Square to Winter st. 

aonstruction 
and 

Engineering 

58,445 

16,666 

67,458 

62!758 

$196,327 

Estimates for the entire conduit are given more 

in detail in the Appendix. 
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The gon�r l eff'eot of the construction of thie 

project will both t propert1as along the rivor 111 benefit 

from botter aan1ta.ry conditions, and if the new treat io 

�oootrueted, from increased fire proteotion and increased 

tran&porta.tion f'ao:tlitieo. After the oond1l.it has been 

b,.t.i.lt the prfipEi.rty o-.vn ra an each side of the river can 

look f'or.,ar·d to cone 1tiono whioh a.t-e :nore pormanent and to 

relief from all l1ab111t,y or flooding. 

the Pentuoket Milla will be assured or a clear 

channel, unobstruoted by debriP., for discharging the water 

which pass� s throu,e.,h the wheel or <:>ver t.ho da;n, with t,he 

r eult th1UJt ;tth hieh VYflter cond1tiona 1n the err1me.c 

flood1ng out of the mill 

1n t.: e futuro th· n 1n the pa.ct� 

The oity as a whole will benefit by an improved 

sanitary condition and the removal of whatever menace to 

health this ay be to the entire eomr.:iun1ty. 



Tho r1ter aofmo rledges the hoa,rt,y cooperat10tl. 

ana dvioe of tl:W Oity Engineer,, flnd �leo the efi':Leiont 

work of hi•a aaa1ote..nta in . ating th� surveys &nd Pf'eparing 

th-e 11eoea,1&ry plans f'o1· this report. 

Aelmowledgment in al-ao due to "lr. Rio..'1a.rd lu 

xte.le t ilngin.oor or the Pentuoket Mills, and to m ... J. A .. 

currier,. supe1""1nt&nd.Gnt of the Pentuoket Mills. who have 

willln5ly rend& ed &11 �etntane� requeoted Md have given 

yo� englneer aeo$aa to the da.11:,,- t'ooor-dtl ot f•lo ot the 

r-iver which ha.vo 'tieen k8Pt by the Pentuoket !1lla durir.g

·the p�st two ye�re.

Supplomen.t1.ng this report. in tho Appendia are 

teohn:1<U.ti1 dat:a used ae a basis for the oonolu.s1one. 

�eepuottully eubmittea. 
(Sit�d) Oba:rlee l3. Breed, 





Elevat ono of htreme H1 h Wat r of �errimac xlver at 
Haverhill in va.riou..q yee.rs from 1887 to date .. 

Th ae A.re referred to Haverhill City Va.tum, v:nich i� 
f"ollowe;-

:1ean Low 'later :: 2.26 
(-}8,!'l Hie-..h Wa.ter .. 6. ':37

1887 Extreme H.W. freshet • • • • • • • • • ·:2 •
April 161 1ar5 ♦ .. " ,. • • • .. • • • " • • • 19.'1
March 3$ 1696 • • • • • • • • • • • • . • .. f!l.6 

April 9, 1901 • • � • • " • • • " • • " • .. l?.4 
¼al"Cb 2, 1002 • • • • • • • • • '1" • fl • • • l �

':a.reh 13, lfH)� • • • • .. • • • • • • • • • • 14.
April 50, 1904 • • • • • • • • • • • .. • • • 14.9 
J rch 30, 1906 13.8,, • • • • • • • • • • • • • • 

}.a,y ti., lf,08 • • • • • • • • • • • • • • • 1!3 •
Nov,. H, l�H)7 • .. • • .. • • • • • • ,. • • • 11. 5
F'eb. 17, l90d • • • • • • • • • • • • • • • 12.a
April la, 1909 • • • • • • • • • • • • • • • 13.0 
M&:roh 5, 1�10 • .. • • • • • • • • • • • • • 10.4
April 5� 1912 .. • ii • • • • • • • • • • • I> 11'). 8
April 2, 191 • • • • • • • • • • .. • • • • 15.6
t.a:rch 4, 1914 • • •. • • • • • .• • • • • • • 13.3

Jio'eb. !;_ '"i' I 1�16 ♦ • • • • • • " II • .. • • • • 13.6
tay 20, lfll5 • • • • • ' • • • • • • • • • l�.o

0 



Table I. 
Haverhill Litt!� River Imp��ement .. 

�ischa���J2a�i.t1 of One Side of ·Double Conduit as per Des�@ of Sept •. 2. 19'.!,?.,• 

Sept. 5-, 1916 • 
CGmputed by 0.11.a. 
Cheeked by �.s.w. 

• Dept11 Area We't .,A:;w.r
E

Av
. 

Eh 

o« sq. Per. • ! alue 
Water ft. ft. .ft. o:t n 

mean v· for dif'fe:rent Sl�Jl�• n =. :OZo on b<>itorn and .0!_2 on sides. .... 
.0�67 �--

=
:

o�oa
l 
��:_:y��J_�Q: -�02 1 s

�
= .oo� I su

= .o
v 

0.1 0.525 

0.2 o.,o 

o.5 I 2.12s 

o.7 I 3.325 

.020 I 0.06 0.20 o.oa 0.25 0.10 o.s1 0.11 o.33 0.15 o.46 0.20 o.62 0.25 o.78 

.020 I o.24 o.35 o.3o o.45 o.35 o.5o o.59 o.56 o.5"1 o.ao o.,o 1.00 o.811.15 

.020 1 1.za1 o.,65 1.12 o.s1 2.02 o.95 2.25 1.oa 3.25 1.52 s.9o 1.8'1 4.53 2.1s 

.020 I 2.7610.83 13�361.01 3.89 1.1, 4.55 1.31 6.22 l.87 7.65 2. 8.8212.65 

1.0 I 5.50 I 8.3810.65� .020 I S.6111.051 6.9811.21Ia.oa11.471 9.1411.66112.931 2.35 15.90 

2.01u.so 110.3911.30 I .018 s.65 1.90 z2., 2.,0 3a.o 2,81 42,6 3,16 60.3 14,46 74.ol s.,J as.s1,.32 

3.0 21.50 

4.0 29.50 14.38 2.05 

6.0 46.50 18.38 2.47 

a.o 61.50 22.5812.75 

10.0 77.50 26.58 2.94 

12.0 92.50 30.44 3.017 

12.4 96.56 *31.62 3.0 

.Ol"I 56 .. 0 2.55 68.2 3.1'118.6 3.65 88.3 4.10 124.815.801153.0 

190 6.47 234 

7.9� 351 '1.'12 432 9.4 

53'7 8.'14 658 10.? I 

'158 I g. 52 I 90'1 11.v 

0.2 I 1168 12.5 

.017 83.5 2.83 108 3.57 122 4.13 135 4.57 

.016 15'7 3.45 193 4.24 222 4.89 249 5.47 

.015 240 S.90 294 4.?8 338 6.51 380 6.18 

.014 329 4.25 411 5. 30 4.67 6.02 521 6. 73  

.014 424 4.54 520 5.56 &oo a.43 571 ,.1a 

.014 435 4.52 532 5.62 615 6.39 665 '1.12 0.1 I 1193 12.4 

290 9.1& 

496 10., 

757112.3 

1060 13.7 

1363 14.6 

1396114.5 
-·-"'------,..-• ----•-----L•--•·---'-----'-----'-----..._ _____ _. _____ ._ ____ ._ _____ � 

Vin above table taken di:reetly from !?able 1 of U .. 8.Geo1og1ca1 Survey 
Hydrau1io and Ell.eavation fables. 

* pelusive of roof of conduit. � -.;J 



Table II. 

l!!verhill Little River Im�rovernen�. 

Disebar� Oa,e_�citJ of Sin�le Conduit as :eer De�i� of SeEt•� 1916. 

-6 tlil • I -· t I • -5 I Ave. � and mean v--for different Slo 
Value s =-000 s =.0006 s =-000 

of n � V ;'.l V cl V 

0.1 I 0.121 7.481 .o9S �020 1 o.14 0.19 0.17 0.24 0.19 0.27 

o.B I 1.49 7.96 .19 .020 o.ss o.37 o.vo o.47 0.81 o.54 

o.s 4.05 9.42 .43 .020 2.96 0.73 3.69 0.91 4.29 1.06 

0.7 5.98 10.38 .58 .020 5.56 0.93 6.82 1.14 7.95 1.33 

0.22 o.31 

0.91 0.61 

4.82 1.19 

8.9? 1.60 

Sept. 9,1916. 
oopnted by o.B.B. 

Checked bl K.s.u. 
.02<5-on bottom ana .0!2 on sfaes. 

8 Cl eOO 

" -

0 .. 32 o.44 o.39 

l.30 o.8'1 1.58 1.06 1.83 1.23 

6.85 1.69 8.43 2.oa 9.72 2.40 

12.75 2.13 15.67 2.62 18.1213.03 

1.0 I 9.20 11.88 .78 .020 10.78 1.17 13.25 1.44 15.48 1.68 17.311 1.88124.5812.67130.1013.29134.9013.79 

2.0 122.1 I 15.08 1.4'7 .018 47.5 2.15 58.6 2.66 68.2 3.08 '7.56 3.42 10'11 4.851 13115.951 - 15216.88 

3.o 1 36.o I 17.12 2.10 .018 99 2.75 122 3.38 141 3.91 158 4.38 223 6.20 273 7.58 31618.'17 

4.o 150.0 I 19.12 2.62 .017 169 3.39 20'1 4.14 2-41 4.81 269 5.39 380 7.60 463 9.27 540110.8 

6.o l?a.o I 23.12 3.38 • 016 331 4.23 404 s.1a 467 5.99 522 6.69 740 9.48 905 11.6 1045 13 • 

a.o 1to6.o 27.12 3.91 .015 505 4.7'7 620 s:s4 715 6.75 800 7.54 1123 10.6 1588 13 .. l 1600 15.l 

34.0 31.12 4.31 .015 696 5.20 853 6.36 984 '1.34 1100 e.21 1555 11.6 1900 14.2 2180 16.3 

61.8 I 35.6214.53 I .01461 905 1 5.591 1105 6.83 12'15 'l.88 1425 8.81 2030 12.5 -2480 15.3 2850 17.6 

12.42n.G6.9 1"37.8014.41 I .01451 914 I 5.48 I 1120 6.?2 1295 'I. 76 1440 8.65 2060112.31 2605115.ol 2890117.3 

Vin above table taken directly from Table l of u.s.Geologiae.1 Survey 
Hydraulic and a-eava.tion Tables. 

* Exclusi.v of roof of conduit. (>l 
(X) 

. 

I I 







Haverhill L1ttl0 lU.vor lmRrovemont. 

Londa on Roof 
--- ·--

6 1/4 f e-t of fill .� 90 lb ., 568(/i 

P vlng 

Liv Load 

Tot,al 

J!i.DRAHLiC PHhdSURE 

Side Preeeure on Walla Duo to Earth F1ll 
�11.!.lll!r«Mlf•�.......,s•ofJII ,,......,..__....,..__, __ _ 

Uni om preasure (surohar e)

39 

nry1ng pre'1SU "O 33:{/: ,t » .ti! per foot
of' de th.

roaarn1rad downr Cilrd from tr>r of conduit .. 

DE£1.(hi 01:- 'SINGLE 0, �·11JtJIT 
----------

Momenta Qnd Shoare 
• ............. >1• ... 

1st •• M.o.memts itnd. aheare oonputed for w�i�ht ot· struot

2nd -- !¼Om!: nts and ahaars comput•�d for weight of' struc­

ture plus 000# pF)r sq�tt.. supt1r1rnpo ... ed loo.d. 

3rd ..... !.omuite t1nd �,ea.rs oomput d f'or oxte:rn• 1 -�1ue 

Unifor� prooauro 

-



0 

t,np of eor.d .tit .,

4t,h -· n:om mt-a and che�r compute· fer �i;ht of 11 _u1d. 

Qond:i. tJ.one £!!. o • dHlS

1-... conctult empty. (We1g..1lt of structure or!ly). 

2 ..... Conduit !\Ill of.' water., (Weight of atruct.ur • plue 

woight of liquid) 

3_..., o no.ult 1...m (Jr a• htnu.1. of • t\t. r. {Weiµ,)lt o.f' 2truc-

t.ure plus we1 ,ht o!' liq· .. iid ;lus hydraulic pr seure 

of 500f; p.er aq. ft. ) .. 

4-• Gonduit. o,.pty.., .Fill a.nd. pa;ving 1n J)l oe o..nd ub ... 

3 ct-q to live.lo�< or 10� per eq.tt. on road­

w�y. {Weight of atruotura, au:per1m .... osed loo.d of 

eoo� par sq.ft. �nrt side �resaure duo to arth 

5-• Oonduit f'ull ot· we.te:r. Fill a.nd paving in .. lace 

tm<l euojeoted to live load ot lOOI per sq, f't. 

on ro�dw y. {Wight of struotUJ>e, stp�ri.poned 

lon.d of t300# per sq. ft_. , nd a toe 'rn:-eaeure du 

to ar-t,b fill, r,,lue weight of liquid). 

a ... "'" Oond:lit um.er a• head o:r water. (S "'le a.a No. 

pluo hydr�ul1o pre sure of 50 .

t par a .rt.) 

UlU t B'!REu • H5 
-----

the etructure woo deei:·ned for the mQ.xiv u� mo .. ante 

a.nd t'heu,rn obtainod from 4ondi t. ona No. 1, 2, 
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4 Md 5. Th ectiona 'f re computed for ma -

immn te-nsion of 16 • 0004. per eq,inch on the et lJ 

and comp:reeeion of 650f per sq.1ncb on. t'1e o,,n .. 

orate. 't'hone 0 �SO!S ao.:ibin,.,.d -r.i th the improb ble

oondition of :•·ater preaour (Condit1one ) 

,;ere oormid 1f't.¼d nd the stress .s obtained thcroby 

aid not oeecl 20 oOIJ, por eq, inch tennion. n the 

1he m�xi�� boar1ng proesuro on the 

aoll undor tle oondu1t did not $XCeed one ton 

per sq.ft. 

l)IBI"'M Oil DOUBLE CGNl)U.tT 
---- --- ----

etructure,.

end-• Mo�onts �
n

d eh�ara computod for �1 ht of 

:U.quid.¥ (A- Both tubes f'ull- a • one tub& full}. 

�rd -- Jomente and ehe rs computed for hydraulic 

pre .ure. (t - so�h tubes full. B - Ona tube full). 

th - �iom-ent and nheo.rs oomput tor &,ctorna side 

prensure dUt) t.o earth fill. { A - Uniform soc,� par 

�q. rt.. B - Varying preesure 3�ti per oq. ft. pei, 

foot or de1:ith, mee.aured down ird from top of' con­

dul t ). 

6th -- r. o, .ents and u.henre: computed for r:oight of 

at.ructure plua i:;up r1ropoaed load of 900lf :r eq,. ft. 

-



Oondit1ona gt, toad1ei 

l •• Weight of etPuoture.

2 ..... l eight of otruoture plus r10ight of liquid. ( �-tle.xi­

mum of one or two tubir1a t'ull), 

3 ... we16ht of etruoture plus wGight of liquid in ono 

or both tubes plus hydre.ul1o prertaure 1n one Ol' 

both tubes. 

4 -- Sa,"lle ae o. l wi t.h fill and pc.vi"! 1n ple.ce and. 

live lo�id ot 10041 P- r sq. ft. on roadway • 

5 -- Sane a.a No. 2 plus fill, pc.vir.u; and live load 

of 100.; par eq.ft. on road ay. 

a -• Swn • eis to. 3 plus till it paving and l.ive load of 

1001 per q.,ft. on road ay. 

Unit streaeee 

Th atructure was doai ned for 'the e.ximwn moments 

and ahe�re obta1ned fro oond1tlonG No. 1, 2, 4 

and • The seot.ione et·e oomputed f'or a. mu1mum 

tension o'f 160001· per sq. 1nok on the steel, and 

ccmpreeeion or 660fl per sq, tnch on the oonorete. 

1'heae oa.sea �ombinad w1 th th� improtm ,le cond.1-

t1 <n1e of wa.ter pre SW"G (OoncU tiono 3 and e) wer 

oone!de:N,ct and tl�e stressea obt.a.ined tlH:.1.roby d 1d 

not sxoeed 20000, p-r eq. 1noh t.enrJion in the 

steel and 750# per sq. inoh oompresaion in the 

t}Onorete. The maximum bearing preeaure on the 

soil uncler th� eondu1t did not axoeed on& ton per 

sq,. ft. 

42 



It in �sawne<.t that in oase the double oonduit is 

under maximum hydraulic pressure, rellef 1.,peninge 

hav boon left in the eentrnl w,,.11 a.t the inner 

aidf:'J ,-,f tho t • o:f slab, so that the oentral wall 

w·ill not be sub jec tecl to hy: .. raulio prasoure •. 

•













Cormtruction a.nd .�nei1-�ee:t•1ng f.ot: f.r2PoG�d 9J!l'.fl�t� 

i_ncl��':� ,,3-;.�y• Hf:!v,er 9f ,Eart .�• 

�aoo 0.1. Exoa.ve.t1,;n in river otto 

oondult (Twln Section) 

2.s ou.yda..
900 lbs.

87 q.f't. 
17 nq.ft., 

oono:rete fg ta. 00 o. y. 
steel IT· 4¢. 
tom • 10?,
e;rnnol1th1o 

1nve�t !! • 5¢

t= 22. 0 
:1 36, 00 
-= s.10

"' 2100. 

214'7 • • • • • • • • • • • • 1156' o. 

2267 c.:,. Gro.v l baokfill on sides of conduit 
ad ror � ft. deep on top of oondu1t 

� 80¢ o.y. • t • • • • l 1�6.

10 ehe�t piling ·n pl oe for out-oft 
at. upper net of conduit @ �so 

Paving be.sin et upper end of oooduit 
6 ·2.50 e.y. 

staining 1ng alls at Winter St. 
@ �9.00 o.y. 

Stop planks, mu.r..holea and oonneotionn or 

• • 

• • 

:tt1stin draine to oondui t . • • •• ♦ • ' .. 

1.,oeke 

Esse e er relief drain at inter st. 
(Oh:� $ to sewer Department) 

Total tor Oonotruot1on. 

Add 1($ for Engineo�in_ nd Oont1ngenc1ea 

• • • • • 

• • • • • 

ao . 

2 • 

..290. 

Ji rs ... t·IIIIClllii 

177570, 

l "77 7.

Tot 1 for Oonotruotion nd Engineertng • • • • • .  • .l9E327.



920 o.y. Rxo vats.on in river bottom @ soj . . •  

Conduit (Twin Geot1on) 

712 Oondu1t ·@ • • • • • • 

4125 o •. y,,. Grav$l baokf111 on sides of conduit 
ancl t'or 3 ft. deop on top of oondnl t 

@ ao¢ o.y . . • •  • • • • 

Manhole a 8J'ld oonneot ioms of 

existing dine.ins to conduit 

Total for Oonatruction • • •  • • • • • • • 

Add lm! £qr Engineering and Contingencies 

Total ror Oonatruetion and En .inaering • •  

• • 

• • • • 

• • 

• • • • 

552. 

90 • 
Pf hi! WWW 



222 c.y. ttxoa.vation in river bottom @ 60¢ • • • •  
I 

2.a OU. yae. oone1"ete e �a,.oo o.y • • 22.40 
900 lba, eteel @ 4¢. -=: 3ti. 00 

87 sq.tt
,..

:tor!:la @ lO'r/, = 8.70
17 sq.ft .• granolithio 

1nver-t @ 5d = 
�···,j! a; ... 
·".:' 7.9. !)Bf" 

171 1.rt. Conduit � $67,.9-5 0, • • • • • • • .. 

Gravel backfill on c id n or ecn�h1it 
and £or 5ft. deep on top of conduit 

@ eoi o., . . . .  

Manholes and connect ons of 

• • •

• • • 

• 

1 . .rt. 

.11,ano. 

; xi.sting drnina to oondu1t ., • • • .. • • • soo.

Total for Conetruotionr 

Add l� for ltntt1naer1ne a.nd Cont1ngeno1ee. 

Total fo� C-0natruot1on &nd Rn�ineerlng • •  

• • • • • • 
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"'t, .• to �o:rth Sida R&ilro&d ar1 f! .. 
- 1 U t ;Rt lifJ I ·;; Ii U •·· !l n. l 

1470 o .. y. Rxoa.vatio,n in t"1 v :r hot too (';. a 

Oond,it {Twin se-otion) 

• • •

'� • rJ ou.yda. oonor te C ,.,. .oo c.y .. = t .. 2.40 
4./ 900 lba. ate 1 f� 

87 oq., ft. for�:s
k 

l?' aq. ft, gr nol1th1o 
1nvert 

" 
f.' 

1' 

l �

14· 
.., 

�a.oo 
• 8.17

� 35 

�i1'7,9i· ,tr ... ,) por 1.tt.

G vol bao�fill on aideg of conduit 
nd to� !=5 ft,, deep on top of oond11 t 

i oi o.,. r r r •• 

nd oonoootion� of exiatin 
draine to oondu1t •••• 

Total for Conotruotion� 

da 10% for £ngino r1nB arxl contlngencles. 

Total for Oonstruot1on and En�ine rin 

• • 

• • 

♦ • • • • 

9 o. 



F;-om North Siue Ra.ilrond Bridg W1ntar st. 

688 o.y. E (.mvation 1r1 riv· r 'ottoro 

Oondult (twins ot1on) 

:.:!,. 8 cu.yd conorote -� $8.00 c, 1 .. . c; �22.40 
�00 lb�. stee,l ff 4f- ':: .. e. 

1-17 aq.f't. for-•') "' 10-! = �l,70 

17 q.ft. granolith1o 
invert ,;,,I l;t 1 .86 '·Y 

ns,.§rs per 

491 1 .. tt. C ndui� f67.-95 • • • • . " . 

8400 o.y_ Gravel 1 okfill on Rides of conduit 
and f'or 3 :rt� dHI> on t.op or condu t. 

,.... so¢ o.y • • • •  

10 ,;�. n • •  Sheet p1l1ng 1n nln.oe for c t-off 
c"'t upper m.d ot' oondui t �0 , • • 

at w1nt0r rt. 
0: �9. 00 o. y. 

. . .. . 

♦ • "' 

• • •

stop plan'ts, mnnholea nd connoottona of 
ex1�ting dro.im, to o<mdu1t • • • • • • • 

:ae lt tit. ao ,,er relief' dr in at Winter Gt, 
(Cha.rge to Smrnr Department.) • • • 

otal 'for Conotri ctton • 

533. 

1 .. ft. 

eco. 

4 '108. 
aul t •,, 

Tot l for Oonotruotion a.nd. Eng1neerinB , • .. • • .. . • -� .... 2, '! a.



Hav rhl.11 Little- River lm:prove ent, 

Eetl.mat.e of' :oat o:r Cenatru.ct1on of New t.:.trget f'rom 
W�ahinRton �quare to ooke st. on laoi of th 

Higher Grode Line aho�n on F g. t •• 

1725 q.yd.a. 

396 aq.yda. 

64"1 lin,.ft-. 

to �oouot 
rt ...... • 

Fill 

t 
,·"!. 

Cono�ete road 

,r nol1th1o 
sidewa.1, 

OW"b 

80 cu.yda. Fill 

414 ea.,yds. Oc,noret r d 

95 q.y(s., Gr nol th1c 
std· 1 aU,. 

:r. 1.50 • 

·, l. 90 :t=

y l. 2f5 • 

·�otal

,., �� .• ao

1. r:io =

• 0 = 

@ 1.m; -=

'J.otal 

. d 10% for Eng1na r1n � nd (Jont1fl n-o1eo 

:I ot 1 for Oo truot • (m imcl Engin-e ring 

25H7. 50 

712.,80 

:.4on. 45 

"' ? �-oo

621.00 

111.00 

19�,75 

818.52 
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