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C. B. BREED

M. AM.SOC. C. E.

CONSULTING ENGINEER
6 BEACON STREET. BOSTON

Boston, October 21, 191l6.

Board of Heelth of Haverhtll,

Haverhill, Nass.
Gentlemen:

Your instructions to me relative to the
subject of Little River Improvement cre embodied in
the vote passed &t the regular meeting of tha Roard
of Health held June 15, 1916, which was as follows,-

"That the services of Chiurles E. Breed

be empleyved as conaulting engineer on ths
Little River cese, and that ¥r. Brood submit
a report to the Board of Health as to the

best mothed and most feasible mannar of
abating the alleged Little River nuisence.,"

Plans Accompanying This Report but Bound Separately.

flan of Little River from ths ¥errizmse
River to Pentucket Milla, comprieing 5 sheats
and roferred Lo in thls report as Pig. 2.

rofile of Both Banks of Little River
from the Merrimsc River to Pentucket Niils,
comprising one shaet &nd referred to in this
raport ag Fig. 3.

Concluaions in Briaf,

After careful consideration of this problsm
covoring & period of four months, your enginesr recom=-
mends thet a covered conduit of rsinforcod concrate of

two channels each 8 ft. x 12 1/2 fiL. be constructed from



Waghington Bquare arch to & :olnt about 6C ft. south of
Einter 5t. (lengilh 2147 ft.)} of the gesneral design shown
on Fig. 28 and in the lcoecation and at ths profile shown
on nrlins acoompanying thlis report and markod Fig. 2 and
3 respectively. IL 1s suggested thit a new 30-ft,
street be constructed over the conduit from Washingten
Equeare to Locke Ht.

The total eatimated cost of thls construetlion,
ineluding a 3 ft. covor of earth on top of tha conduit
and Iincluding ongineering eand all incldental expenses,
but exclusive of property takings snd any new street
gonstruction, is 195,327,

Ag shown later In this report, the entire pro-
posed oconduit from Washington Sa. to %inter 56, need not
bo constructed In ono geason; a section ut & tlme can be
built, thus distrivuting its cost over a few yeurs if

deensd advisable.

Surveys Reguired.

%hen the work of lnvestigution was starte! no
comniote plun or profile of Little River and vicinity was
in axistence. Tho work of muiing the nacessupry surveys und
LRy At resulling plane was carried out by the Clty
Engineering Departament. It reguired the services of four
mon for the four susmrter months., “hile Lhls work was golng
on the wrlter devoted his attention to a csreful stuly of

the various phaeses of the general problem, the probable
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Little River Improvement.

Drainage Area of Little River
above Winter St.,
including water surfaces.
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maximum yield of the drajnage area of Little River, &nd

to designs and estimates.

General Descrintion of fxistinz Conditions,

Little River has its source P miles norih of
the buslinesas distrlict of Haverhill in thz town of Hanp-
stead, H. H., and its outlet into the Verrimac River at
Yashington Zguare Park in idaverhlll. Ite dralnage areu
of about 30 squaroc milez includes pert of Hampstead,
Atkingon, Kingston and Lewton, nearly all of Plaistow,
and a largo part of llaverhill. (See U.5.Geologlcal
Survey Map, ¥ig. l.) From the dam at Pentucket ¥ills
the river flowa through the heart of Heverhill for a dip-
tance ¢f about half a mile with & flat graiient. and
crooked alinement. In this city district it 18 crossed
by Winter St., the Boston & Maine Rallroed, Locks OSt.,
Locust "t, and Washington Square, sll of which are sup-
ported on single span masonry arches exaept Winter 5t.,
which h&g Lwo archen, one for the main river and the
othar for the tulirace of the watsr wheel of the Pentucket
¥ills. The dam gt the mills forme & pond of relatlirely
gesll arsa whioh suppllioz water for ong watsr wheel in
the mill which produces about 38U indicuted horse-powur.
The nhotograrcha, Figs. 4 to 17, glve & falr ldes of the
presont condltion of the river and viclnity, but do not
propoerly show the filthy condltion of the river bad on
acaount of the amount of water flowing at th: 8lme thes

nartioulur views were taken,



Haverhill Little River Improvement.

Fig.4. Northerly portal of Wsshington 8q. arch looking down-stream.
Photographed by C. B. Breed. July 5, 1916.

Fig.5. Prom platform at rear of fruit store, Washington Sq.
looking up-streame.
Photographed by C. B. Breed. July 5, 1916.



Haverhill Little River Improvement.

Pig.6. Prom pedestrian bridge about half way between
#ashington 3q. and Locust St., looking down-stream.
Photographed by C., B. Breed. July 6, 1916.

Fig.7. From point about 200 ft. above ¥ashington 3g. areh,
looking up~-stream. Showing pedestrian bridge.
Photographed by C. B. Breed. July 5, 191l6.



Haverhill Little River Improvement.

Prom pedestrian bridge ahout half way between
Washington Sg. and Locust 8t., looking up-stream.
"Simplex Sample System™ building is on northerly

gide of Locust St.
Shows overhang of bowling alley on southerly side of Locust St.

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



Haverhill Little River Improvement.

Pig.10. Fron Locke S5t. arch looking down-stream.
Showing small wooden building overhanging river
on northerly side of Locust St.

Photographed by C. B. Breed. July 5, 191leé.



Haverhill Little River Improvement.

Pig.1ll.

Ffrom point about 100 ft.
above Locke 8t.
looking up-stream.

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

Figtlﬁo .

¥rom point about onse-third
of the way from the

ReRe bridge to lLocke S5t.
looking down-stream.

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




Haverhill Little River Improvement.

?Mg.13. Pedestrian hridge about one-third of the way from
R.R. bridge to Locke 3t. Looking up-streanm.

Lennox & Briggs building overhanging riveron right.
Photographed by C. B. Breed. July 86, 1916.

Pig.14.

R.Re bridge looking
up-strean from
pedestrian bridge.

'Photographed by C.B.Bresd.
July 8, 1916.



Haverhill Little River Improvement.

Pig.18. Looking down-stream from Winter St.
Shows platform of Haverhill Gas Co. supported
on columns in river.
Photographed by C. B. Breed. July 5, 1916.

Pig.l6. So-called "Publie Landing"” where tree is shown on
the west bank. Just down-stresm from #Winter St.

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



Fig.l7.

Pentucket Mills Dam from Winter St.

Zhotographed by C. B. Breed. July 5, 19%lé6.
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Little River is a stream with a low normel flow
and with a low maximum flow as well. Its dralnage ares
is almost entlrely meadow and farm lands, the soil is
largely sand or gravel, the district 1s not hilly or rocky;
and as a result the total run-off from this area is emall
in amount when coapered with the rainfall, The effect of
& sharp, heavy storm is usually evidenced in the flow of
Little River over a pseriod of several hours after its
occurrénce, the water from such storms being releaesed
gradually from this drainage area owlng to the character
of its soil, vegetation, shape and other physical features,
There are also a fow small 1ce ponds and a pond above the
dam at Westville which tend to control the run-off from
portions of the drainage area,

The favorable location of Little River through
the heart of the city formerly led to its use as a drain
for all storm water within its natural drainage area,=--
that which fell within the built~up portion of the oity
ag well as that which ran off from the rursl dlistricts
north of the clty, It was also used as an open sewer
for several years, In 1848, when that portion of the
psewerage system of Haverhill lying within the natural
drainage aree of Little Kiver was developed the storm
water and sewage wers both taken directly into the sewsre
gouth eof Winter S5t, North of Winter %t., in Wards & and

B8, the aeparate system of sewers has been designed and



partially conatructed, which delivers the storm water
directly into Little River, but none of the sewage is
allowad to enter the river north of the dam at Pentuckst
#ills,

south of the dam, however, many of the indus-
tries and dwellings have drains which empty directly 1into
Little River, There are about 20 such drains on the east
bank and 25 on the west bank, Por the most part these
drains are roof end yard drains, blow-offe from boileres,
pipes for heating systems and for discharging by gravity
the water which may flood the lowsr floors of bulldings
contlguous to Llittle River when the river water is high,

A few of the buildings near the‘rivar discharge
their sewage or industriasl wastes directly into the river,
notably from the office building at the cornsr of Washington
$q. and Emerson £t. owned by Clarance &, Coombs, from the
stores and dwellings owned by Ezra W.B. Taylor on Emerson
St., from the stores and dwellings in the two bulldings
owned by Levi L.H. Taylor on Emerson St.; from the morocco
factory of Lennon & Briggs Jjust below the railroad bridge,
and from the Fentucket ¥ille., These cases are treated
separately later in this report,

It aprears to be & well-established practice for
residente along the river bank, operatives in the mills and
storekeepers over and along the river to use it as a conven-

ient depository flor garbage, slops, empty cans, bottles,



boxes, rags, ashes, and in faot practicelly &ll kinde of
refuse which collects 1in such sstablishments, %he result
of such misuse of the river is obvious, It has become a
£illthy brook, offensive to the senses of sight and smell,
The river is today in a sense an open sewer; it is s
detriment to the immecdiate vicinity and, becsuse of the
possibllity of spreading disease, is a menace ae well to
the whole city,

For many weeks, in the summer months particularly,
the flow of Little River ls very small, with the result that
the sewage and mill wastes settle over the uneven dbottom of
the river, which when uncovered gives off offensive odors,
In 1ts pressnt condition Little River tends to prevent or
delay commercial development along its banks,

In the helf mile of ites course below the Pantucket
#¥ille dam the river flows in a channel beneath streets upon
the linecs of which bhildings have been constructed in such
& marner as %0 cut off the view of the river from the publle
#0 that few pecple have any adequate conception of ite con-
dition, Examination of the river bed shows that, par-
ticularly from the railrosd bridge to Washington Square,
there is an accumilation of sewage unéd otler £ilth, These
conditiones are plainly shown in the fullowing photographs,
Fige. 18 to 24,

The largest sewer of the city, which receiveas the

flow from one-third of the entire sewered portion of the city,



Haverhill Little River Improvement.
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Sept. 21, 1918.

Photographed by A. S. Keen.
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7ig.20. From a point about 100 ft. above ¥Washington Square Arch looking up-stresm.
Photographed by As. S. Ksen. Sept. 21, 1915.




Baverhill Little River Improvement.

Fige2l. From a point 250 ft. sbove Washington Square Arch
looking toward Locust St.

Photographed by J. M. Snow. Oct. 4, 1916.



Haverhill Little River Improvenment.

Pig.22. Between Locust 3t. and Locke St.,looking up-strean.
Shows Locke St. sewer under arch.

Photographed by J. . Snow. Oet. 4, 191s6.



Haverhill Little River Improvement.

e

Pig.23. Prom a point about 300 ft. above Locke St.
looking up-stream.

Photographed by J. M. Snow. Oat. 4, 1916,



Haverhill Liftle River Improvement.

Mg.24. From s point about 200 £t. down-stream from K.R.bridge,
showing Lennox & Brigge tannery on the right.

Photographed by J. M. Snow. Octs 4, 1916,




has Lite outlet on the shore of the Merrimac River only
10 ft. from the cutlet of Little River, and as the tide
makes in on the Herrimac River and follows up Little River,
and when the wind is also favorable, some of the floating
sewage mutter froz this and other clty sewer outlets floats
back into Little River, which acts as & tidel eastuary of
the lerrimac, Thie nuisance is augmented by the fact
that the outlet of the river is below mean low water in
the ¥errimac River, in consecuence of which backwater ox-
tends for 1600 ft, up the rlver and transforms it twice o
day into a tidal sstuary extending up inte the business
center of Haverhill, The deposition of sewage into the
gerrimae from the cities of Lewrence and Lowell adds
materially tc the general filthy condition of the Herrimac,
The unsanitary condition of Little River huc been
repeatedly alluded to in the rerorte of the Haverhill Beard
of Health, as well as in the reporte of the City Ingineer

and of the State Board of Health,

GENERAL HETHODS OF ABATING THE £XISTING HUILICANCE,

Two methods of abating this nuisance are
apparent - /

(1) &5top misuse of river by policing, and carry sewage
and facstory wastee into existing City sewers,

{2) Carry the river through the city in a covered conduit,
and the sewage and factory wastee into existing
sewers,



(1) The firet mothod means toc put & stop to

the misuse of the river by resldents and cperatlives of
industrios adjacent to the river and connect all sewers
and factory waste drains now emptying intc Little River
with the existing olty sewsrage systenm, installing proper
sawagé gJoctore to 1lift the sewage from those basements
which are too low to empty by gravity into the present
city's sysntem,

_ If it is poseible, through policing methods, to
put & stop to the throwing of refuse into the river and
if the sanitary gewers and Iactory waste drains are removed
then the only material liable to be offensive to heslth,
girht or smell will be that which comes into the river above
the dam and that which flows back up the river from the
Horrimac when Little River is acting &a-a tidal sstuary.
The objectiocnable material which comes down the river from
above the dam is very swall in amount and does not contaln
sny sewage matter or factory wastes, The nulsance from backe
ing up of sewage nmatter Irom the Merrimac River mppears to
b8 a real nuisance and will grow worseé aa years go on,
rather than baetter, because as the city grows an increasing
ancunt of sewage will flow inte the Nerrimac both from the
Heverhill sewers ae well as from cities farther up the river,
%hen 1t becomes necessary, howsver, to axtend all of the
exlistiny sewsr outlets to deser water in the Merrimac River

the nuisance from this source will doubtlesg be lessened,



although it is probable that there alwaye will be some

of' this unsanitary condition 80 iong ss sewage material

is deposited anywhere in the Xderrimec River, 8Such effects
of course will always be to a more or less degree evident
alonpg the city's shore and on the bed of Little River in

the form of odors, soums and depeamlte objectionable to
sight, Little River, however, is the only inlet from the
werrimac River into the city proper and thercefore the only
way in whlch thle unsanitary condition can be brought dl-
rectly up into the business district, Zvan if the throwling
of objectionable material from buildinge along the shores of
Little River c¢culd be prevented by pollicing, the nulsance
Jjust referred to would atill exist,

Experisnce, howevsr, in other citles has shown
also that it le imposelble to prevent the misuse of such
streams by rolieing, it penms therefore oclear that the
only positive cure of the present oblactionable conditions
is to carry Little River through the city in a covered cone
duit, and thie appesrs to he the sclution adopted under
sinilar conditionz in other cities,

The construction of the Jones Fulls condult 1n
Baltimere in 1913 was for the purpose of curing a condition
much like that which exists in Little Rlver, The two proe-
Jects are very simllar in character, azlthough the former e
much larger in extent and expenee, The 1ll Brook conduit

in Worcester and the Stony Brook conduit in Beston are both
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examples'of where it becanme necessary to carry existing
natural streams through olties in covered oconduits to
provent nuisances, dany citles have had to meet this
problem, and in almost every instance 1t 18 solved by

censtructing & conduit for the filthy river flow,

Concrete P@vament on River 3ed,

The bed of the river through the oity ies roupgh,
It can be improved by constructing from wall o wall a cone
crate floor of such a shape Lthat it will be more self-
cloaning than the present rough bed 1z, Such an
imvrovement, however, would ncot fully cure the present
nuisance, and would cost ssveral thoueands of dollare,
It would not prevent the river being used as a dumping
ground, ae the present channel is used, It is true thsat
it could be nmore easily cleaned, but would requlrs just as
congtant pollicing, ary amount of which sxperience elsewhere
has shown will not prevent the misuse of asuch a atreanm,
Thie method}%g therefore nct recommendied as n cure of
existing conditions, although 1t would be a decided
1mp§0vamﬁnt upon present conditions,

The following letier expresses the opinion of the

Gtate Poard of Health on this matter as well as its recom-~

mendatlions on the project as a whole,



11

"aug, 13, 1913,

"To ¥r, Louls ¢, Lawion,
City Bngineer, Haverhlll, Kacs,

Daar Sirte

The State Board of Health has consldered your
application for advice as to a proposed plan for impreving
the condition of Little River, whioh you describe as
followas -

X desire to obtain the advice of your Bourd
relative to a propesed plan for improving Little
River in this city from Washington Squara to
Winter Street.

On acccunt of the rough and irregular
character of the present river bottom refuse
material collects at varicue places, which
during the dry summer geason, when the water
is low, and the bed is exposed, becomse Obw
Jectionable,

Our plan is tc construct a smooth congrete
pavenent in the ved of the river, sloping to a
cantral depreseion, on a true established grrade,
¥ith this pavensnt properly constyucted, the dry
weather flow would be confined to the center, and
the gurface of the goncrete could be easily kept

013&!1.....-“..--utguoaguttc

In reaponse to this applicaticn the Board has
caused Llittle River in the portion of its course in which
it 1s proposed to iamprove the channel, this porticn dbeing
included be tween Tintor Street and Washington Sguare, to
be examined one of its engineers and has considered the
plan presenteqd,

The results of the sxamination of the river show
that at the present time the channel of the stream through-
out its length botween Winter Street and Washington Squere
is bordersd for the noet pgrﬁ bg rcu%h stone walls which are
in many rilaces out of repair, while the bottom is very ire
regulsr, being coversd with stones and especially with large
quantities of detritus, including tin cane, wooden boxes and
much other refuse,

The water of the river above Winter Street is used
for manufacturing, & large part of the flow at the present
soaeon of the year belng used in the various processes in
the mills along the etream, and at the time of the examina-~
tion the entire flow of the sireuwn below ¥inter Street was
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highly colored with manufacturing waste, By carrying out
the plan sugpested the bottom of the chamnal would be
matorially iaproved, and by reconstructing or repalring

the side walls the channel could b brought into such
sorditlion that « if floating matters are kept out of it

and the bottom is Rept free from detritus «~ itz sanltary
condition would be satisfactory; but the ezxperience with
8ilnilar channels flowing through densely populated disge
tricta has been that they are used to a very great extent
as places of deposit for such materilals as are now found

in the channel of Little Rivery, including much foul organic
natter, and 1% ls very difficult, if not impractlocable, even
with careful inspecilon and frequent cleaning, te keep such
channele in proper condltion,

in the opinion of the Hoard the best precticable
Plarn of preventing officiently further nulsance from the
channel of Little River will be to cover the channel come
pistely with & sulteble structure capable of carrying off
the flow of the atream at times of extrome freshet, The
cost of such & channel willl of course Le :uch greater than
the cost of improving the bottom of tihe stream alone, and -
ginee it is very desirable that & materlal lmprovement in
this stream should bo made at the earlisst posaible time -
it iz advisable to improve the bottom of the channel by
govering 1t with conorete asg propossd, and in carryling out
thia work te provide, so far as praciicablse, for the final
covering of the channel throughout its length from ¥inter
Stroct to Washington gqusre. (ntll the channel is coversd
the Bcard recomaends that its use as a4 place of deposit for
refuse of any kind be preventad, a0 fer aa possible, and that
the channel be cleaned at the necessary intervals to maintain
it in a satisfactory sanitary condltion,

the Board further recommends that foul manufacturing
waste and other polluting ligulds bhe disposed of inte the
gowers and the pollution of the stream be prevaented,”

B, oo B i b st G
The conclusions reached by your engineer, while

they accord with the recoszmendstions embodlied in the shove

letter, were in no way influenced by it, for the existence of

this communloation from the State Board of Haalth was not dis-

eovered by him until after his plans and report were practically

complated,
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(2) dethods Conalidered for COsrrying Little River

through the ity in a Uovered Condult,

Twe methods have been worthy of consideration -

(a) Taking the River throurh a conduli comstructed in
Tepex St

(b} Taking the River thrsugh a ¢overed conduit oconw

structed in the present river bed from Winter
5% %0 the Washington &g. arch,

(a) Takling Hiver through a Condult Constructed in

Loanaex She

While consideration was given to abandoning the
present location of the river snd taking it through a large
straight condulf constructed in Eegex St. from FWinter £t. to
the dHerrimac River, its interference with existing sewers,
water plpes, rublic service plpes and conduits, and its
expense, made the abendenment of thisz 1dea neceessary., It
has becows arparent that whatsver construction 1z done
ghould be accomplished aleng the present location of tha
river, sven though it is in rlaces gulite orooked in alinee
mont, |

{b) Taking Little River in Covered Condult consiructed in

Present River Bed from Winter St, to ¥sahington Square,

This method appears to be the only complste cure of
the present unsanltary conditionsy It is the mezne te which

the City must eventuaslly resort, The nuisance in the river
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ie not cne that is liable to grow any less as years roll
¢n, but will grow nors sericus, Expsnditurses for make-
shifts and for constant c¢leaning of the river bsd which
night somewhat velisve the present unsightly conditions,
will be largely wasted, Tor a coversd conduit amust sventie
ally be consiructed, and i the nuieance has grown to the
extent evident today it certsinly requires rellef and the
only real cure of conditione should be applled,

a swall plan and profile of the river snd the
proposed conduit are shown in Pigs. 28 snd 28, which are
miniature coples of the large plan sand profile { Plgs.z
and Bl They are introduced in the report merely to make
it more complate when it ie not aceompenied by the larger
drawings,

in the design of this covered oondult it has been
naceasary to give very sareful consideration to the effect
it will bave on the water level at the tallrace of the
' FPentueket ills, so that in low water conditiona the head
on the water wheel at the mill will not be any less than
under the present conditiones and so that in the unusual
high water conditions water will be discharged through
this conduit as rapidly ae through the pressnt channel
and will theraefere not back up in the Pentucket Yllls any
- higher or run off any elower than it doee under present
conditione, To meet thess conditions satiefactorily to

the owners of the Pentucket ¥ills the designs for the pro-
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poaed cond it have been submitted to Mr, Richard A, Hale,
engineer for the Pentucket ¥ills, and after several cone
ferences the reconuerded design has been approved by him
for the Pentucket Milla, A copy of his letter of approval
followst-
"Lasrence, Mass,,
October 19, 1918.
“Professor ¢, e Bresd,
Consulting ingineer Haverhill Board of Hesalth,
Boston, iaes,
Dear Sirse
As Lngineer for the Pentucket 'ille I have
nade a thorough exanination of the desian for the
proposed twin channel condult recommended in your
report to the Beard of Health of the City of Haverhill
dated Octobsr 21,1818, and ag & result of oy ine-
vestipation, and with the suthorization of the owners
of the Pentucket Hille, the i, 7, Stevens and Sons Coopany,
{ hereby arprove your deaign and am satisfied that 1t
properly consaervas the intereets of the Pentucket Yllls,
Yours truly,
{Signed) Richard 2, Hale,

Enginaeer for Pentucket 1ills.®

The propesed conduit will have practically no
ef’fect upon the exisring bulldings or walls ulong the bank
of the river below ¥inter St, 411 of the drains fronm those
buildings which discharge cnly water wlll s connected di-
rectly to the proposed condult, In fact the lew existing
sovers and factory we te dreine could also be made to dis-

charge into ths condult, but it ls deemed sdviszable, for
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reasons explained later, 4o connaeot all such draire with
the exlating city sewers which can all be done in a prac-
tical manner,

The presont gbuttere along the river will not be
deprived, by the constructicn of the condult, of any of the
advantages 1t now presents tc them, On the other hand, the
complete covaring of this fllthy strean will be a concidesrable
improvenment to the entire locaslity through which it flows,

it 81l of thege objestionable materiale are thus
kept out of the proposed condult there can never in the
future be any cblection to discharging all of the flov of
Little Hiver directly into the ierrimac River at the ghore
line, The Siate bLepurtment of Health now requireza the clty
to vxtend any new sewsr outlet to.deap water, and in the future
it mwey require the extension of the existing sewers which have
their cutlet at the shore of the Nerrimsc River, but such re-
quirenent will not apply to the Little River Conduit if
sewage ies not admitted to it,

in the futurs Haverhill may even be required to
filter or to chemically treat all of its pewage, and when that
time arrives no revieions of the work proposed in this report
will be necessary, for the flow from the Little River conduit,
will be pure enocugh to be permitted to discharge directly
into the Herrimac, At that tlme the atorm watsr now care
risd by the Eesex Et. sewer and by other comblined sewers

whioh lie within the natural drainage area of Little River
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can slac be diverted through storm water draine into the
Little River condult and thus eliminsate large guantities

of water from the filter bede,

Removal of Sewer Outlets in Little Eiver,

The bulldings from but three properties now dis-
charges sewage into the river, the Coombg and the two Taylor

properilies on Emerscn St,

(1) Coombe Huilding, corner of Washinaton §g. and

Emerson St.

At the present time gll of the sewage from this
building empties into Little River threugh one cpening in
the wall 168% x 24% in size, The basenent level of the
building is about 9 1/2 ft, below the grade of Emerson St,
The Emerson 6L, sewer is about B £t deep. Obviously toilet
fixtures in the bagement of the Coombe building cannot drain
by gravity inte the Bmerson 5i, sewer, but all sewage above
the first fleoor level can be comnected with the Emerson St.
sewer, sand the basement fixturss cen be dreined to the well
of' & sowage ojeator which can be installed in the basexnent
of the Coombs building and which will automaticslly pump
the sewage into the Emerson 5t. eewer, These ©jectors are
thoroughly reliable; they are succeasfully used in the basew
ments of moat of the large department stores, hetels and

theatres of Reston and other cltles,



138

{(2) EBzra and Levi Taylor's Businese Blocks, Emerson St.

The condltion in theae huildings is similar to
that in the Coombe building, except that the sswage is dis-
charged through three 8" sewers into Little River, Hure,
again, tho sewage from above the firat flocr can be taken
by gravity into the Emeraon 5t, sewer and the bmesement sewage

pumped intoc the Emerson St, sewer by means of cewage electors,

Removal of Injurious Factory Wastes from Little River,

(1) Lennox & Brigge Tannery,

Certain factory westee which are acid in charactser
injuriously affect the esonerete of which the proposed con-
duit is to bs conetructed, This is trus of the wastes
which sre dlscharged from all of ths higher level drains
from Lennox & Briggs tannery. The discharges from the
two i%yar level drains at this point are alksline, which
wiZiIhave any deletericus effect upon the materials of the
proposed cenduit, It is proposed to conneéel the upper
drains, those with acid discharges, to & sewer which dis-
charges by gravity intc the Duncan £t. sewsr and to permit

the other two (low-level) drains to discharge into the

conduit,

(2) Pentucket ills,

The only other case of factory wastes discharging

into the river is that at the FPentucket Mills, The prob-
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ability is that these discharges snter the river asc fapr
above the end of the proposed condult as to be diluted so
much that they wlll not be injurious to the concrete of
the comdult, but Af further investigstion or experience
shows this not to be the case, these injurious materials
can be drained t0 & sewage ejector which will automatically

dleocharpe them into ths VWinter 5t, sewer,

Yleld of LAttle River Drainage Area,

The maxinum discharge of Llttle River of which any
tnowledge le availuble is about 700 cu, ft, per =sec, At
several other timeas it has re .ched 800 cu, ft, per sec,
Under all such high water conditicns the Pentucket Mills
are flooded, and when the water in the terrimac is aleo
high thie flooding ie serious, Twice in the pact B0 years
the lerrimac has ricen co as to flood Washington Equare Park
a8 ahown in Filg, 7. The proposed conduit has been so
deaisned that at ite upper end ite floor iz a 1ittle lower
than the bhed of the present river o0 az to insure & free
run - off from the tailrace of Pentucket ille and thus cause
no damage Lo the water power of that industry. It hae
s8leo been desipgned s8¢ that it will dlacharge 1200 cu. ft.
per sec, and not csuse baciwater effect at the Fentucket
#1il1ls which will be any worse undsr any cstages of the
Merrimac than that which has slready b en caused by floods

no greater than 8C0 Lo 700 cu, ft, per =eq, In other words,



Haverhill Little River Improvement.

Pig. 27. Yashington 8quare Park -~ March 4, 1896,

Photographed by Postmagter Lot MoNamars.
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assuming that no grester floods occur in the future than
those which have occurred during ths past %0 years, then the
Fentucket ¥ills #1l11l never again be Cloocded se bedly se they
have baen in the past,

A amaller conduit, of gourse, could have been
deslgned to carry say 700 ou, ft, per see, with the same
backwater offect &t the Pentucket Mille se under existing
condltions, but after an exhaustive study of sll date availe
gable it appeared to be sdvisable to provide for floods ponde
what grester than those which have actually occurred since
records have been kept at Haverhill,

The backwater effect in the case of s rectangular
condult 14 £t, wide and 12 f4, high ie shosn in Figs., 48
and 49 in the appendix for discharges of 800 and 1200 &u, I't.
Por pec. Backwater curves for the preposed condult would

he practieally like these curves,

Erosg-dection af‘Frapﬂaad Condult,

Two diffarent typleal sections for the proposed
conduit are cghown in Fige, 28 and 2%, the former welrg a
conduit with twin channels and the latter a einpgle channel
conduit, Both deslr-ne have practically the same discharpge
capacity. {8e® Tables I and II in Appendix),

The twin section is about € 1/2 ft, wider than
the single condault and will coet ahout 38 per cent more;

but it has the following advantages over the single condult,
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One side can be sconstructed at a time wolle the natural
flow of the river ie carried in the other half of the
present channel, its £leor cun be desligned of such shape
that velocities great encurh fto scour the channel clear
oan be obtalned even when the water flowing in the river

ig relatively small in asount. All of the flow can be
takan through one of the twin channels under ordilnary
gonditions, which will give sufficlent veloclity to lkeep

it clean, the gecond channel coming into uee only in high
water conditiona, At the upstream end of the conduit atop
plenks should be provided, so that if the conduit should
become eilted up the entire flow of the river can at any
time be diverted throu-h one channel, trereby producing a
v=locity of flow sufficient to thoroughly clean the channel,
By means of these etop planike aleo the flow can be dirscted
#0 that any needed repairs can be made in either eide of
the condult,

The adwvantage of the eingle over the double con-
duit aprears to be principally in the fsot that 1t will
cost about £12,000 leses, which cost would probably be esome-
what offeet by increased raintenance to keep the channel
cleaned should it become silted, It 12 not axpected,
however, that much of this cleening would be regquired
because &t every sharp, hard storm the flow through the
contuit would resch a velocity sufficient to acour it,

Those storme, however, might come at such long intervals
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that some cleaning of the condult might be reqguired;
and ag the aingle cordult is larger in crosse-secticn

at the lower stagens of the river the velocities will be
lower and herice the liability to silting grester.

Taking all things into conslideration, the twin
gection, Flp., 28, 18 recommended,

The condult has been deeligned of reinforced con-
orete of strength sufficient to support a street and its
heavy traffic, Six different conilitione of loading have
bhean conridored in this deelpn, covering all the rossible
~onditions whdch could prevail; these are fully enumerated
in the Apperdix, The insice &lmenzions will be uniforn
and without any obstruction whatever througrout its entire
length, and the lining will =e¢ a smooth concrete, Where
column supports for exlating buildings huve been bullt,
such supports will be carried directly on top of the cone-
dult, necessitating speclial deslgn for the roof at these
places, The inspection can be made through conveniently
located manholses,

The Locke St. sewer, whi h now passes directly
through the Loocke ©£¢, arch and interfares with the flow of
the river 2% higher stages, is to be carrisd under the proe-
posed condult by means of a su~called inverted sivrhon, which
is & thorouphly practlcal constructicn for these conditions,

At the streets the conduit will be carried directly

under the exdeoting archee without interfering with any ef ihe
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present structuree, and along ite entire course it will
lie inslde the existing walls of the river. To asslist
further in understanding the location this prorofed eofe
duit will occupy with reforence tc existing structures,
typical crosa-ssections have baen prepared and are shown

in Figs. 20 to 44, inclusive.

Foundations and Comstruction Features,

forings were made in August, 1018 by The Charles
R. Gow Co, of Boston, under the direction of your enginear,
at a cogt of 8820, Twenty-four holee were driven in the
river bed at intervals thrcughout the entire length from
Winter 8t. te Washington Bquare, with the uniform result
that t-e fourndation for the condult will in all places be
either gravel or a mixture of sand and gravel, except in
tre vicinity of Winter 5t,, where sand prevails for a
depth of 80 £t.

Fip., 50 in Appendix shows the location where sach
boring was nade and Figs, 8! to 84 give in detall the
naterials encountered at each boring, &n arrow iz drawn
in red on each bhoring showing where the bottom of the cone
duit will come and the materials which will be encountered,

Thene resulta of borings indicate clearly that no
plles will be needed throughout the entire length of the
proponed conetrustion, It will, rowever, beadvisable to

drive s row of splined H.P, gheet piling into the sand of
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the river bed at the up-aiream end of the conduit and
properly bond it into the conorele floor of the conduit

to aot a8 a cul-off for the water, wrioh azight tend to
underaing the upper end of it, It will zlso be edvisabls
to pave part or all of the area of the small bay between
the upper emd of ihe condult end the Winter &t arch. Two
wing walle should be constructed which will guide the flow
of water froa the openings of the Winter £t arches to the

condult,

Opportunity for a Street from Washington 85q, tc Locke &t,

It ia rot the understanding of your engineer that
he is to proceed farther than to report upon the proper means
for abating the Little River nulsance, He hag, however,
interpreted his instructions to he general enocugh so that
he should at lsesst oall attention to other posasible mune
icipal lisprovesments which would be closely alliesd to thie
project,

A ong-way etreet can be constructed from Washinge
ton Bg, to Locke 8t, on top of the proposed condult. To do
this the city will have to acguire the following properties,



The small buildings on the north side of
Washington Square owned by David, Priest and Biroket
and by Chase & Laubham and now occupled by Walter
idoCutcheonts restaurant and by Carbone Bres. ' frult
store, (Fig.48.)

o The R K
Sl tfobac cocanb-‘-‘S" ;

/l///11

//////W///////

SR RESTAURANT
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Part of the building on the south side of Locust
5t., owned by The drenville Rugg Helrs and now occupled by
The United shoe Repalring CC. and by Thomss i Golllina's
tobacco atore and pocl reoom and bhowling alley, (Fig.48.)

The two buildings on the north sids of Looust St.
owned by louls J. Solnette and by Basil ¥, Comeau and now
ocoupled by a Chinese Laundry and by Horris Shykints dry
goods store, respectively. (Fig.47.)

= . B

- P Y bt g
v i i A R 5

_zt%e;w i el BB

Fig. 47,

The asesesssd value of these taklngs is about 214,000,
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Such a streot can be conatructed with = width
of about 30 ft, without encroaching on any of the buildings
on the abutting properties. It will be of considerable
value to the owners of property abutting cn the river, will
provide another teaming and pedestrian way into ths midst
of the factory distriot between Essex 8t, and Waelnmut &t,,
and will afford a valuable way for apprroach of fire arpare
atus in the event of fire in this district. At present
the approaches for asuch apparatus te parts of this district
are very circultous, narrow and awkward, Such a street also
relieves Eeasex 8t., which e only &0 ft, wide, and in whioh
is located an elesctric car track,

On acoount of the location of the Eesex Assoclates'
brick building ever the river at Locke $t, it is not prac=-
ticable to extend this rew stireet up to the railroad bridge:
but since the conduit ies desirned strong enough to support
such a roadway throughout its entire length it is thoroughly
practicable to construct a road over any portion of it where
it will be of service to the public or to abutting properties,

The taking lines for the propoced new street are
shown in red dash llnes on Fig.g,

The grade line of the proposed new atreet is
shoun by red cdesh lines on the profile, Fig,%. Two dif=-
ferent profile lines are shown for 1t, the upper one being
the one reconmended. The lower grade line w 1ll, however,

not interfere with the windows of exleting buildings as much
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as the upper one will, dbut in the avent of such extrene
high water in the Merrimac ae toc flood Washington Sguare
the hellow portion of this lower proposed grade would be
£illed with water and flood out the adjlacent factories,
Such & flood haa occurred dut twice in the paat B0 years,
Another disadvantapge of the lower grade line is that the
vards of the abutting properties will not £it well to thisg
grade; but will connect in a thoroughly practical manner
with the upper grade 1line, Pig. 5 shows every building
on both sides of the river, their floor levels, windows,
drains and retaining walls, and from s study of thie pro-
file the relative elevation of the proposed astreet with
reapect to the several duildinge elong the river can read-
ily bs sesen,

It will be cbserved from an examination of the
profiles that the recommended grade for the suggested sireet
will in all instances be below the windows of the present
properties except as followa,

Chase & Laubham {12 windowsa)

dorrie & Jacob Bloonfield (8 windows)

Basil i, Comeaun (7 windows)

Narly L. Dinsmore (1 window and 1 door)

#ichael 1, Helarthy (8 windowe and 2 doors)

granville Rugg Hra, (8 windows)

Ce & Coombe (8 windows)

J. . Winchell & ¢o, (39 windows)



In many of these cases enumerated the lower halfl only of
the windogs would be covered by the new street grade,

The cections (Figs. 30 tco %6 inclusive) show
this new street in cross~-sectlon, and from them it will
be seen the driveways and yarde between the present build-
ings will join in & practical manner with the suggested

street,

Relief's of Pprecent Fasex §tL- Sewer,

Durlng short, hard storme the Essex Bt, sewer,
which is a coubined sewer, occaslonally becomes overcharged.
To partially relieve this condition a 24" rellef drain was
built from a relief chamber in fssex St, to Little River
at Locke 8t. This relief hes not proved to be sufficlent
in exceptionally severe storse, which is evidenced by the
coccasional flooding of Lafaystte Bguare, This flooding
iz due to the fact that the storm water flows so rapldly
off from the ateep prades of the Hilldale Ave, and Brosdway
districts that the Espex St, sewer cannot under unusual
conditions dlscharge this storm water fast enough. It is
therefore proposed Lo correct this difficulty by consiructe
ing an additional £4" relisf drain from the Eseex St, zewer
to Little River at Winter Ht,

Neither of these reliefs will act until the
Esgex S5t, sewer is seriously overcharged with storm water,
and the character of the discharge through thess rellefe

will then be almost entlirely storm water which could properly
be discharged inte the sondult,
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The propoeed relief at Lafayctte Sguare will be
a temporary relief; it probably will not be required when
the storm watsr dralns which have been deslgned for the
Hilldale Ave. district have heen constructed, since those

draine will empty directly into Little River,

Land Takings and Lﬁ&@l Foatures.

Lang_rakinga.

It is recommended thst the city take in fee the
lané lying between the two exlsting walla of the river, and
that where no walls exlst the taklng line be 5 ft, ocutside of
the walls of the proposed conduit, which S-ft, strip would be
within the present river hed because the propcosed conduit
is ouch narrower than the present river bed, If this is
done the olty will then at sll times have accesa tc the

conduit for repairs or other purpoces, If an 9280Tment only

over the required land is taken the olty will from tiwe to

time have to face tho problem of deternining what kinde of
strustures may or may not be permitted to be constructed

over the ocondult. If strustures are bulilt over the con-
duit they are liable to cause enbarrassment to the clty when
repairs to the condult may be nesded in the somewhat diastant
future. In a few iscleted instances, where exileting buildingn
1i6 over the alte of the proposed conduit, the city can take

eagenents instesd of a ree title to the land,.
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The wrlter hae not attsapted to sstimate the
value of the land comprising the bed of Little River,
bacause 1t appesrs at prosent to have no commerclisl values
the city assesszors do not conelder thie land in appraising
any of the abutting property. The stream is not navipgadhle
in any praoticsl sense and the water discharged through it
is so Cilthy that it is of no use for manufacturing pur-
rosesn, In fact if the water were not £ilthy 1t would be
of practically no commercial value to sbutters along the
river because its flow is not deperndable; for several weeks
in the year it has practically no flow at all,

In connection with the suggested street from
¥neshington Square to Locke 8t,., besides the tabing of the
land lylng between the present river walls, the city should
take portions of the nerrow atrips of land lying bhetween the
tops of the present walls and the existing builldings, - this
for the purrose of building the street 30 ft. wide or aes near
30 ft, as is conslstsnt with taking nc land now occupled by
buildiinga, From Washington &q, to Locke St. these gtrips
average about 2 ft, wide and have a total area of only about
1900 s.f. Considering the benefits to abutters thut such a
sireet would present, it does not appear that the total coat
to the city of thie 1500 &.f, of land srould reach any rele
ativsl& large figure, The average ssseossed value of thils

land is about 60f per sq.ft.
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Legal Featurss,

It appears that by Act of the Legislature in 1828
Bzekiel Hale was suthorized to deepen and alter the channel
of Little River wlthin four years sufficlently deep and wide
so that at ordinary high tides rafts and beats could be
floated on the river. Ne specific place for s publlic land=-
ing was wentioned in thie act, but 1t appesrs that a so-
called "Public Landing" now exists on the west bank of the
river just below Winter 5t. (See Fig,16)

If it is Tound that the gensral law ieg not sufe
ficiant to carry out this project, then special leglslation
can be enacted during thée coning winter so that the work may

il

start next spring i deemed adviamble,

Fetimated Gost,

Under ths provalling high and rapidly changing
prices for materials and labor any estimate of cost made st
the pres«nt time must be relatively uncertain, The follow-
ing eatimate has been based on present prices, which are
much in excess of those which prevailed two yesars ago,

The estimated cost of the proposed conduit ex-
tending from Winter 8t, to Washington Square, including
3 ft, of filling on top of the conduit and including en-
gineering, is §195,327.

The estimated cost of constructing, in eddition

to the conduit, a new street wlith concrete pavement, granite

curbe and 68 ft. granolithic sidewalk on top of thie conduit
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from Locke 8t, to Washington Square is #9,004, exclusive
of the cost of three properties and narrow stripe to be
acquired, the asmsessed value of which totals about 218,000,

If the conduit 1is to be constructed a portion at
a time, the following scheme can be ¢arried out, Each por-
tion, from street to street, can be treated ae a separate
Bection and can be constructed without affecting the rest
of the project. For example, the work from Washinrton
Square to Loocust St, can be bullt in one season, from Loocust
8t., to Locke $t., the next season, and so on,

The fellowing tawulation of the estimated cost of
the project by sections will assist in determining the ex-
pense of carrying out any part of the projlect; these are
exclusive of the street construction but include g fill of

3 ft, of earth on top of the conduit,

Construction
and

Engineering
¥ashington Square to Locust &t. # 58,445
Locust 8t. to Locke St. 16,888
Locke St. to Railroad Bridge 87,4858
Railroad Bridge to Winter 35t, 62,758
Washington Square to Winter &t. 2195, 327

Estinmates for the entire conduit are given more

in detail in the Appendix.
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Resulis to be Attained by Consiructing the Proposed Condult,

The general effect of the construction of this
project will) be that properties along the river will benefit
from better sanitary conditions, and if the new street is
sonegtructed, from increased fire protection and increased
transportation facilities, Af'ter the condult has been
bullt the property ownara on esch gide of the river can
look forsard to conditionn which are =more permanent and to
rellef from all 1liablility of flooding.

The Pentucket Mills will be assured of a clear
channel, unobstrustsd by debris, for discharging the water
which pass+<s through the wheel or over the dan, with the
result that witkh hich water conditions in the lerrimeac
flocding out of the mills will probaily be less serious
in the future than in the pact,

The clity as a whole will beneflt by an improved
sanitary conditicn and the removal of whatever menace to

health this may be to the entire community.
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Elevations of Extreme High Water of Herrimac River at
Haverhill in various yesrs from 1887 to date,

These are referred to Haverhill City Datum, which is ze
follows: -
#ean Low VWater = 2,25
Mean High Water = &£.37
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Hay 8y, 1908 ¢ « o o « ¢ s 2 5 o 2 ¢ v » o 13,5
ﬂov' 8} 1%;07 . L L] [ [ @ . * * ) [ [ * [ 110 5
Fab. 17’ 190‘3 € 2 4 & ¢ £ ¢ & % & & X * e+ 2 1206
April 18, 2909 ¢« 4 o ¢ » ¢ + v 2 o & 4.2 » s 150
M&Z’(}h S’ 1910 * = # & & ¢ & @ 8 % O 5 & & » IQ. 4
Aprll 59 NORE & 2 % & b b W R . B « 10,8
April Q’ 1915 L » » L] - [ ] * L ] B * L » L ° L 13. 6
Iiarch 4, 1914 L] L J o » L 3 [ ] * [ * = * . » L3 [ 130 3
¥Feb, B, 1926 & o v ¢ o » o o % # 4 v » s & 18,8
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Table I.

Haverhill Little River Improvement.

Discharge Capacity of One Side of Double Conduit as per Design of Sept. 2, 1916.

Sept. 5,19160
Computed by C.B.B.
Checked by M.S.W.

Depth| Area

o

8q.

__Water| ft.

Het
Per.
5.

AsWD

Ave.

= T [¥alue

fs.

of n

3 and _mean V for aiiferent Slopes.

n = .020 on bottom and .012 on sides.

Q@

rgv\-’ £ 00_5'4

v

Wi‘

g = .Om

v

%

8 =,
f;

0008
v

8 =
Q

.00l
v

<

8 = « 002

\

B = .
<

003 [B = .004

v Q

v

0.1
0.2
0.5
0.7
1.0
2.0
3.0
4.0
6.0
8.0
10.0
12.0
18.47

0.70

5.50
13.50
21.50
29.50
45.50
61.50
77.50
92.50
96.36

0.325

2.125
3325

3.54
4.09
569
6.77
8.38

10.38

12.38

14.38

18.38

22,38

26.38

30.44

*31.62

0.092
C.171
0e 374
0.49]
0.657
1.30
1.74
2.05
2.47
2.75
2.94
3.07
304

« 020
020
020
020
«020
.018
<017
«C17
.016
015

0.06
C.24
1.38
2.76
5.67
25.65
55.0
83.5
157
240

0145 329

«014
.014

424
435

0.20
0.35
0.65
0.83
1.03
l.20
2.55
2.83
3.45
3.90
4.25
4.54
4.52

0.08
0.30
1472
3.36
6.98

32.4

68.2
108
193
294
411
520
532

0.85
0.43
0.81
1.01
1.27
£.40
3.17
3.57
4.24
4.78
5.30
5.56
5.52

0.10
0.35
2.08
3.89
8.08
38.0
78.6
122
a22
338
467
600
615

0.31
0.50
0.95
1.17
1.47
2.81
3.65
4.13
4.89
.51
6.02
6.43
6.39

0.11
0.39
2.25
4.35
9.14
42.6
88.3
1356
249
380
521
671
6856

0.33
0.56
1.06
1.31
1.66
3.16
4.10
4.57
5.47
6.18
6.73
7.18
7.12

6.22

6C.3

190
381
B37
738
9856
974

C.1b5|0.46
0.57| 0.80
3.23| 1.52

1.87

12.93| 2.35

4.46

124.8( 5.80

6.47
7.72
8.74
9.52
10.2
10.1

0.20
0.70
5.90
7.66

15.90
74.0

153.0

234
432
658
907
1168
1193

0.62| 0.25
1.00( 0.81
1.87 4.53
2.30 8.82
2.89(18.30
5.47 85.5
7.11176.7
?.95 290
9.4M 496

10.7 | 757

11.7 | 1060

12.5 | 1363

18.4 | 1396

0.78
1.15
2.13
2.65
338
6.32
B8.21
9.16
10.9
12.3
13.7
14.6
14.5

V in above table taken directly from Table 1 of

* sxclusive of roof of conduit.

U.8.Geologlenl Survey
Hydrawlic and hxcavation Tables.

Le



Haverhill Little River Improvement.

Table II.

Discharge Capacity of Single Conduit as per Design of Sept. 2, 1916.

Sept. 9,1916.
Computed by CeBeBe
Checked by ¥.S.W.

DepthlAzrea | Welt | 2+5° | Ave. « and mean V for different Slopes. n = .020 on botfom and .0l2 on sides.
of 8. | Per.|= T |[Value| 8 =.0004| 8 =.0006| 8 =.0008| 8 = .001l| s = .002] 8 = ,008 8 = 004
_Fater| ft. ft. ft. [0f n 2 v *] v Q \'] ] v < v *] v ] v
0.1 De72| T7.48| +09¢ 020 | 0el4|0619| 017|024 | 019/ 0e27| 022|031 | 0e32|0.44| 0392|0.54| 0.52|0.78
0.2 1.49| 7.96| 19| «020| 0655|0637 | 0700|0647 | CeBL{0e54| 0691 0661l | 130/ 0e87| 1e58(1Le06| 1.83(1.23
Ceb | 405 9¢42| 43 | «020 | 2696|0673 | 3669|0691 | 4¢29|1e06| 4e82|1e19| 6¢85/1.69| 8.43(2.08| 9.72(|2.40
0.7 5¢98[ 10.38| «58 | «020 | 5.56| 0493 682 (1eld | 7695/ 1e33| Be97|1e50(12:75|/213|15.67|(2.62|18.12|3.03
1.0 9.20[11.828| .78 | «020(10.78|1.17|13.25|1.44 |15.48(1.68(17.31(1.88|24.58|2.67(30.10|3.29(34.90(3.79
2.0 |22.1 | 15.08(1.47 | .018 |47.5 [ 2.15(58.6 2,65 6B8.2 | 3.08| 7.56| 3.42 107| 4.85 131 5.95| - 1562 |6.88
3.0 |36.0 | 17.12|2.10 | .018 99 (2.75 122|3.38 141| 3.91 158(4.38 223(6.20 273|7.58 316 |8.77
4,0 [50.0 |19.12|2.62 | «017 | 169 | 3.39 207 |4.14 241] 4.81 269| 5.39 380| 7.60 463| 9.27 540|10.8
6.0 | 7860 | 2312|338 | «016 | 331 | 4.23 404|5.18 467 5.99 522| 6.69 740( 9.48 905/ 11.6| 1045|13.4
8.0 L06.0 | 27.12|3.91 | .0158 505 | 4.77 620 5284 715/ 6.75 800 7.54| 1123|10.6| 1388|13.1| 1600 (15.1
10.0 [134.0 | 31.12|4.31 | «+015 | 696 | 6.20 8653| 6.36 984| 7.34| 1100 8.21( 1555(11.6| 1900|14.2| 2180(16.3
12.0 [161.8 | 35+62|4.53 00145 905 | 5.59| 1105|/6.83| 1275 7.88| 1425 8.81| 2030| 12.5| -2480( 15.3| 2850 (17.6
12.42F66.9 "37.80(4.41 | <0145 914 | 5.48| 1120(6.72| 1295/ 7.76| 1440| 8.65| 2060/ 12.3| 2505|/15.0| 2890(17.3

V in sbove table taken direetly from Table 1 of U.S.Geological Survey

£

Bxelusive of roof of conduit.

Hydraulie and Zxcavation Tables.

8¢
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Haverhill Little River Improvement,

Loadings, Unit Streeses, and Conditions Consldered

in Design of Conduit,

LOADE

Loads on Roof

6 1/4 feet of Till 7 90 1be, 88 E#
Paving 1604
Live Load 1004

Total

812# say 800# per sq,ft.

BYDEBAULIC PRESSURE

8' head under sldie of roeof 500# per eq,ft,

Side Pressure on ¥Walls Due to Rarth 111

Unifern pressure (Surcharge) 200# per eq,ft.
Varying pressure 338 " " ® per foot

of depth,
meanured downward from top of conduit,

DESION OF SINGLE Co¥DULT

¥oments and ﬁheara

1t ~~ Homents and shears computed Tor welght of structurse,

2nd -~ Homente and sheara computed for weight of struce
ture plus B800# per sq,ft, superimposed losd,

3rd -= Xoments ard sheara computed for external »lde
pressure due to earth £ill, Unifors pressure

200# per sq.f't. Varying pressure 33%0 per sq,ft.
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per foot of depth, measured downward from

top of condait,
4th ~- Momente end cheare corputed for weight of liguid,
5th =« Homents and ghesrs computed dus to hydraulie

pracsure of BOOGE per sq.ft.

Conditions of Loading

1=~ Conduit empty. (Weight of structure only).

2m~w Conduit full of water, (Weight of structure plus
weight of 1liquid),

== Gondult under 8! head of water. (Weight of strucw
ture plug weight of ligulé plus hydresllic preseure
of B00# per sq.ft.).

d~= Conduit ampty, Fill and paving in place and oube

Jected to live lowi of 100# por aqg,ft. on road-
way, (Welght of etructure, superimvosed load of
80c# per s8q,ft, znd side pressure due to earth
£111,)

fe= Qondult full of water. Fill and paving in Place
and subjeoted to live lozd eof 1004 per asg,ft.
on rosdway. (Weight of structure, superimposed
lond of 800# per aqg,ft, and side pressure due
t0 na:th £111, rlus weight of liguid),

B~ Condult w¥er 3' head of water, (Samwe as Mo, B
plua hydrsulic pressure of B00# ver aq,ft.)

URIT BTRESEHS

The structure was dealrned for the maximum moments

and cheuars obtained from conditions Ho. 1, £,
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4 arxd 85, The secotions were computed for a maxe
imum tension of 18,000% per eq,inch on the gteel,
end compreaesion of 650# per s8q,inch on the conw
creto, These cuses conbined with the improbable
condition of rater presaure (Conditione 3 and 8)
ware considered and the etresses cbtained thereby
did not exceed 20000# per gq, inch tennion in the
steel and 75084 per sq, inch compression in the
concraete,

The maximum besring preesure on the
801l under the condult did net exceed one ton

per s8qg.ft.

DEBIGN OF DUUBLE CONDULT

Homente snd Sheurs

i1st -~ Housnte and shears computed for welight of
structure,

gnd -« Momonts ond shaars computed for weight of
ligquid, (A~ Both tubes full, B - One tube full),

Zrd -- Homents and shears computed for hydraulic
pressure, (A -~ Both tubes full, B - One tube full),

4th -» Momente and shears computed for external side
rrossure due to eartdh £ill, (A - Uniform 200£ per
s8g,ft, B -~ Varying pressure 3%# per sq,ft, per
foot of depth, measured downward from top of con-
duit),

Gth -« Homents and shears coaputed for weight of

structure plus superimpeosed losd of 30G# per eq, ft.



Conditions of Loading

1 -= Wolght of structure, Conduit enpty.
2 == Weight of ptructure plus weight of liguid, (¥axie

murn of one or two tubss full),

R

weight of atructure plus weight of liguid in one
or both tubes plus hydraullc pressure in one or
Wcth tubes,
4 ~= Jgme a8 Ho, 1 wilth £ill and paving in plece and
live losd of 100# per sq, £t, on roadway .
B -~ Sane as N0.,2 plus £ill, paving und live load
of 100# per sq,ft, on roadway.
8 -- Same as No, & plus £il11, paving and live load of
100# per sq.ft. on roadway,

Unit Stresces

The structure was designed for the maximum moments
ard shears obtained from conditions %o, 1, 2, 4
and 6, The sections were computed for a maximum
tension of 16000# per sq, inc* on the steel, and
compreseion of 850# per sq, inch on the concrete,
thess cases combined with the improbable condle
ticne of water pressure (Condltions % and @) were
ooneldered and the stresses obtained thereby did
not exceed [0000# psr sq, inch teneion in the
sateel and 7580# per sq., inch compression in the
conorete, The maximum bearing pressure on the
5011 under the condult did not exceed one ton per

sq, ft.
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It in assumed that in cuse the double condult is
under maxinum hydraulic pressurs, rellef openings
have been left in the central will at the inner
siie of the roof slab, so that the central wall

will not be subjected to hydraulic pressure,
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Estimate of Cost of
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Conetruction and Engineering for Proposed Condult

including B-ft. Cover of Earth.

From Weshington Square to Winter Street,

3600 c,y. Excavation in river bottom & 68074 . & . « . £ 2100.

Conduit (Twin Section)

2,8 cu.yds, concrete  £8.,00 C,¥y, = 22,40

900 lbs, ateeld i 4 = 26,00
87 oq.ft. forms a 104 = 8,70
17 8q.ft, granolithio™

invert & & e 85
8 8F7. 08

per 1,ft,

2147 1.,8t, Condult € B67.98 . & « ¢ o ¢ v o« ¢ » « » 145889,

22670 ¢.,y. Gravel backfill on sides of conduit
and for & ft, deep on top of oomduit
@ aﬂ% Och » A N

10 My H.Ps sheet piling in place for cute-off
at upprer end of conduit & 8&s0 ., ,

260 B.¥s Paving basin at upper end of conduit
(7] 52.&0 BeVe

BBO Cu¥, Reteining wing walle at Winter &t.
a8 89,00 c.y.

S5top planks, marheles and connectiocns of
éxisting dralns to condult , , . .

Locke B, BOWOTr B8lDPNON ¢« 4 & 5 « » % o 5 6 & » =
Eesex 3St. sewer relief drain at Winter St,
(Charze to Sewer Department) , . .,
Total for Construction . T S o U S R e T Tl TR
&dd 10% for Engineering and Contingencles , , .,

Total for Construstion and Engineering . « « « »

. 1812g,
- aoo,
% ass,
% E£80,
M 3000.
s 2000,
177570,
17757,
£195%27,
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Estinate gi.aﬁst

From Washington Square Arch to Worth Side of Locust Street.

920 e.y. Excavation in river bottom & 807 . . . & s52.
Gonduit (Twin Cection)
£.8 ocu,yde, concrete 38.09 Ge¥e = gzgéégc
; ee {:.; 4 4 = g 2
9G87lgg:ft‘ g -2 ‘g 167 . = 8,70
17 sq. ft, granclithic
invert @ 8¢ = . B

$67.08 per 1.ft,
712 1.,ft. Condult & 287,95 . . 4 « « » » » « « » 48,380,
4128 c.y. Gravel backfill on sides of conduit
ard for 2 ft, deep on top of conduit
G BOZ Cu¥e o o o s « o + 3,500,

#anholes and connections of
existing derains to conduldt o v « o o o o o 900,

Total for Conatrustion . e & & ® & & « & @& ® ¢ ® € @ .53,15@a
Add 10% for Engineering and Contingencies . ., . . . « _B, 518,

Totael for Construction and Englnesring, . « « « « » 758,448,



Eatimuta ggrﬁoat

From Horth side Loocust EA to Horth 8ilde Locke St,

222 c.y. Xxcavation in river tottom #6804 . « « & & 133,
Conduit (Twin Section)
2.8 ou, yds, conorete & 48,00 ¢,y = £22,40

@00 1bsu, steel & #e = 738,00
87 oq.ft, forme g 104 8,70
17 oe.ft, granolithic

invert g 5d »

38
.06 per L. ft.
171 l.ft, Condult @ @87;95 t & o 8 & ¢ s & e e s « = ell,820C,
1372 c.y. Gravel backfill on sides of conduit
and for 8ft, deer on top of condult
@ aei clyﬂ * 2 ¥ & s = 1’093.

Hanholes and connections of
sristing draing to conduldt & o o ¢ « o o o 200,

Locke B, 80wer BLPNON & & & % ¢ & 5 4 5 B v 6 ¥ b b u 2,000,
Total for Conntruction, O TR TR S N S e T TR e R 1&,151.
434 107 for Enpgineering and Contingencles. « . « « « « 1,818,

Total for Conetruotlon and EngineerlifNg . + o ¢« o« » « o f168,8686,
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Retimate of Cost

From North 8ide Looke St, to Horth Side Railroad Bridge,

1470 ¢.y. Excavation in piver bottom @ 804 . . . @ 88s,
Conduit (Twin Seoticn)

2.5 ou,yde, concrete & £8,00 c,y. = £22,40
200 1bs, steel @ 44 « 38,00
87 sq, £t, for:zs & 10 2 3,70
i7 aq., ft, granclithio 7
invert @ B = a8
) $TF. 55 per 1.ft.

TP8 1.0%, ConBult @ Q87.98 & « s & s 5 5 o & & ¢« ¢ B2U28,
8773 0,¥. Gravel backfill on sides of conduit
and for 3 £t, deep on top of condult
@ ao'«\{ eo?q | R N Y ?’(}131

Manholes and conneotions of exiating
draing to conduit * R 8 8 HE R N N B E 200,

Tct&l for Qﬂn&tmctien. P T S R T U R S T 6}'{3‘25.
Add 104 for Engineering and Contingencies . . , . . « _6,1%3,

Total for Conetruction end Engineering , . + + « » » C87,455,



Hatimate of Coet

From North Slae Rellroad Bridép to Rinter St.

888 o.y. Bxoavation in river dottom 0 804 . . . . $ 533,
Condult (Twin Section)

£.8 ou.yds, concrote 7 £8.00 c.y. = 222,40
900 1bz,  stesl & 44 268. 00
87 8q,ft, forze @ 104 = 8,70

17 8q.ft, granciithic :

invert a8 B¢ o

L]

« 86
287,35 Ter 1.ft,
491 1.,f'¢t, Conduit @ $37«95 S e s 9 0 s 8 o w oxoa oa n v »58,5684,
8400 c,y. Gravel backfill on sldes of comiuit
and for 3 t, deep con top of oonduit
i 80¢ 0.}% * ° & ® * e @ B'?g’ng

10 Xs HoPo, 8heet piling in vluce for cut-of?
at upper end of condult @ £80 ¢ « 4 ¢« & o 500,

250 B.Y. Paving buein at upper end of condult
& 82,50 Be¥o o o & 628,

580 c,y. Retaining wing walls at Winter ot,
G 20,00 Co¥e » « » 8,280,

Stop planks, manholss and connections of
oxisting drains Lo condult o o « o o & 200,

Espex 5t, sewer relief drain at Winter St.
(Charge to Sewer Departmert) ., .

Total for Construction 4 + v o « o o s o » o s « a o » 47,982,
Add 107 for Engineering and Contingencies . . . » « 4,798,

Total for Construction and Englneering ., . « « o &« « » 082,758,



Haverkill Little River lmproveuent,
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Betimate of Cost of Constructicn of Rew Street f'rom
Washington &quere to Looke &t, on Basie of the
Higher Grade Line shown on Fig. 3.

Washington Square to Loocust Et,

2083 cu,yda,
172% wvq,yds,
398 eq.yde,

&47 lin,fT%,

Pill

#Q&&O w &258&.40

Goncrete road A 1,80 = 2887,50

Granolithic
sidewall

curb

Locust &t, to Locke S5t

880 ou, yds,
296 B8qg, yds,

186 1in, 0%,

¥ill
Conorete rond

Granolithic
aidevall

ourb

Total Gonatruction

a2 1.80 = 712,80

D

Total

# 20,80 = & 704,00
8 l.80 = 821,00

1,80 = 171. 00

@ 1.85 = 193,75

Total

444 109 for Engineering and Contingencies

Total for Construction and Engineering

e

Prans, 4%

#1880,78

& ﬁ.‘ Mo

818, 62

008,72











