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PROVIDENCE WATER WORKS.

OrricE oF THE CHIEF ENGINEER, }
ProvIDENCE, January 2, 1871,

To Messrs, M. B. LocKWOOD,
CuarLes E. CARPENTER,
Joseprn J. CoOKE,

Water Commissioners of the Clity of Providence.

GeNtLEMEN :—I respectfully submit the first formal report

upon the work done under my direction during the last
fifteen months.

Having assumed the duties to which you appointed me, in
October, 1869, I first gave attention to those parts of the work
licely to require the longest time for their execution, and
cansed surveys to be made on Sockanosset Hill, with refer-
fnce to the definite location and plan of construction of the
principal reservoir; and on the grounds selected for a pump-

Ing station, with reference to their best treatment for that pur-
pose,

In considering the eonst,
of considerable im

o8¢, 25 to the neg

ruction of a reservoir, two questions
portance were to be settled, The principal
essity for making filter-beds in connection




4 SROV

PROVIDENCE WATER WORgs
with : 7ol |
yaur;k;i;ses:rllm;-, had received considerab]
o careﬁ,ﬂ 1i1n t 1e course of your delibers
o s quiry into all the plans that

ering the water, and to such ¢
1.‘-"{'(:»1'1{}’l if possible, as would allow t}:; (im e f
of the construction of cxl;vmive 'Lrt‘e‘m?mn i
N artificial filter-beds t:j I?,:

delayed unti
il after t s :
gity, he first introduction of water

€ atte

ntion fy,

: rom

1ons tended toq

: !
ould bhe nllu]mu]

ent of the

into the

During your earnest considerati :
i el :;:‘:'tlut;:all ﬁc;i the matter, the plag
Phrou gh which the i r ovre: mllk‘in(r _:F- t}‘le sand, over and
ing B e tho river, and l;elo‘: 1h:\ia1}able‘t{}- exeavat.
This plan was favorably received by yon ‘:el of its surface,
ry examinations were satisfactory, the sct:earze ::.S onf reiiciow
happy settlement of the questi;yn- S as acceplcd asa
of the subject ceased. ‘ bonall:Ginimki

The secon.d question, as to whether the reservoir should be
constructed in two parts on Sockanosset Hill, or have
Fransferred to a suitable location in the cit;-' wa‘s :0‘:::5;“
involved with the first : for, in the scheme }!Jropcs.;cl b.‘,- g]::
Committee of the City Council, and taken as a general ‘gu".de
fc:»r our plans, the line of filter-beds occupied the place of &
dn:lsmn embankment between the two portions of the reser
Voir.

The subject of filtration was discussed in the report to the
Committee of the City Council, above referred to ; and though
the full estimates for each plan of supply included the cost
of filter-beds, their construction, while inferentially, was no
specially recommended, but was left for future decision, ¥
may be seen by this quotation :—* In regard to any of the
ded for the supply of the City of Prov*
{ble matter in them is 50 VerY SmA
¢ wells, that it would seem ¥

for the sake of reducing thié

ig concerned 1

waters recomimen
dence, the amount of solt
so much less than in the best 0

be superfluous to filter them
far as practical utility

amount. And, 0 e
same may be said of separating the smll amount l?llh iu
pended matter left after passing the settling basi
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purity should be desired, the plaui Sut:én:;
vision for filtration, which may br.-, adopted
- PI'O“ y Whether there are some aubtile and inju-
A plmuufe'undiscovemble, or at least umliscnverc.d 11;313(
rim!s e i ] tests, and common to all waters, available
5tk chem"I:Il wilic,h would be affected by thorough filtra-
ff!‘-' Pl']bhc s:};};:,s;ed . and, indeed, our present kn:)wled‘ge of
:lho: ;nl:tl:;: is]hardly :;uﬁicient 1o allow of its intelligent discus-

qase extraordinary

m’;‘.he matter which it seems desirable to have r_elrfml\'(‘d ffoﬁ
the Pawtuxet water has, for the most part, very little }F;fm
or substance, but is simply a (‘.010‘1‘11‘!,’?’ fn&‘ttct'.- coming, ; E‘:I
10 doubt, from autumn leaves, and of similar nature, proba }:;‘i
o the coloring matter of that common beverage, tea, S
having no injurious quality, so far as known, though it is
objectionable to the eye. ‘ .

This appears only during certain portions of the year,
and is of such delicate fineness as to make it doubtful
whether filtering, through the ordinary artificial filter-beds,
would remove it. To test this, a small filter was con-
stracted, as nearly as practicable, of similar materials and
with the same mrangement as would be used in large
filters, and having a surface area of one square yard, through
which the water of the Pawtuxet river, at the Pontiac Mills,
was allowed to flow at about the same rate as would be adopt-
ed in practice, or about eightinches per hour. It was also run
at aslower rate than this a portion of the time. The water
flowing from this filter was at intervals compared with that in
the river, and it was found that while the
mnatter was considerably reduced,
tirely removed,

_A comparison of thizs w
Withthe water of 5 large w

nk of the Pawtuxet rive
I suppose, by the river wa
was found thy
so,

amount of coloring
1t was not at any time en-

ater was also conveniently made
ell excavated in the sand, near the
r, at Pontiae, and largely supplied,
ter filtered through the sand. It

t the artificially filtered

‘ ater had, in compari.
considerable color, s 5

though I was much struck by the

. ——
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remarkable clearness of the well water,
b.eaker glass and in a large body,
since to.id me that he has found .this water to be ]
f;mely like the Pawtuxet, (1iﬂ'(-1-ing only as ws )
ng t%u‘ough a large body of sand woulg be e
that is, ha‘.ving a little less vegetable and al
matter, Wlthl slightly increased hardness, If g¢ Seems very
probable, this well water is in great measure the naturally e‘lf,
tered. Pawtuxet water, it furnishes strong evidence ;jm‘t‘
coloring matter can be removed by natural filtrati
sand, on a still larger scale.

While the artificial filter tests were going on, examinations
were being made in the sn_ud basin through which the river
flows, near the proposed site for the pumping station, by dig.
ging test-pits; by drawing the sand up through small tubes
reaching a depth of ten or twelve feet; and by sinking
artesian wells to the depth of sixty feet, more or less by
the use of eight-inch iron pipes, which were afterwards with-
drawn. Eighteen of the latter, and a great number of the
other tests were made ; and the character of the material to be
removed from the water, the probable inclination of the
water-table, the probable effect of the motion of the water
uponsthe stability of the sand, and of the distance of sand
passed through upon the color of the water, were carefully
considered.

The result of all these investigations led me to the conclui
gion that the material was well suited for‘u_se asie nm'.mt
filter, and that the probability of obtaining "h‘"ﬁ‘:el
quantity of clear water from basins t?xca.vaied 1:30;;“&‘_;1}
a depth below the surface of the nver’] — was s0 great
small expense, and without permanent ¢ oggwg;it  hor thid

. our

as to leave little or no doubt of duty to useﬁendant upon
to incur the great expense and constant .car.:o abe =
artificial filter-beds, which did not promise ® © ;e

. and this, notwithstanding the po ruct:
for our purpose ; a ] sible need of consir
of failure in the scheme, and e pOSEven however, shot
ing the artificial filter-beds at last. )

both as seen ip g,
Profess e

Ssor - Appletop hag
mogt pre.
tter slow]y filtep.
Xpected to diffay.
iftle more minerg}

he
on t]:mug':;
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lter basin, it would probably _be
nsiderable portion of its cost as a.selil.ing balsm,
: _00 he water, in this case introduced into it by pipes
fwm.wh]iht eh-tiw r‘iver embankment, would be pumped‘
runnl.ﬂg t]I'lzcl:.‘tghm.'ing, as before stated, received your approv-
,LTt:;sIS;?s of the Sockanosset reservoir were designed for 1tts
construetion without filter-beds, but were S0 .nrrungzd as f}
admit of their construction atsome f‘u.turc time, if fo‘un I}ECT:'
sary. without much interference with the f;.;perfttmn' o tbe
works, nor much extra expense on acco‘unl ‘al their being su
sequently built. Their proposed location is on the northerly
side of the reservoir, where the land is w.ell adapted for them
and openings have been left in both the inlet and outlet cham-
bers for the connection of conduits leading to and from the

v fail 08 8 patural A

proposed site.

In regard to the construction of a reservoir within the city,
it was necessary to secure a suitable site for it, at such an ele-
vation as would admit of its use in connection with Socka-
nosset reservoir. Such a site was found at the corner of Hope
and Olney streets, and within the square formed with those
streets by Barnes and Prospect streets.

One of the chief advantages to be gained by such a reser-
voir is its action as & regulator in connection with the daily
use of water in the city.

Another advantage to be gained by it, is the storage of a con-
siderable quantity of water, near the place of consumption,
Which could be relied upon for use during a possible stoppage
of supply by accident to the leading mains or from other
cause,

_The.use of such a reservoir, as a regulator, will render a
ﬁ_llrl)'-mcll main of about equal value for the supply of the
City as a thirty-six inch main without such rcgulat-m'. The

reason for this lies in the fact, that the
1 the ety

! consumption of water
during certain hours of the day, is often about
than the average hourly consumption

1 more than that. At times, also, forat

fifty per cent, greater
and sometimes mucl

a3
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whole day the demand is about fifty per cent great
average ; and occasionally for an s A

entire month, i ;
31
greater than the average for the v i

N thirg
year, with exceptiong of

% 5 aye
greater monthly consumption, Therefore, 5 leading mg; i
o = = . Hi|
4 reservorr, at a distance of several miles op one '1“-rmm
= S108 15 pe.

quired to be of greater capacity, in order
demand without too much loss of head, under that rata of
flow; but, with another reservoir lying beyond the ‘C‘.,r‘:b. -
distribution, near at hand, on the 'J};pos'ite sde._ o LN
may be of such size as to supply the average demand; fir
when the draft upon the main exceeds the average q:mm':trl,
80 as to lessen the head upon the pipes, a supply begins i
flow from the regulating, or storage reservoir, and thus the
demand is supplied from both directions, through pipes of 4
combined capacity, sufficient to maintain the required head,
Again, when the draft becomes less than the average quantity,
the head upon the pipes increases, and the water overflows
into the regulating reservoir and is stored there for vse during
the greater demand.

The saving of expense by such a reduetion in the size of
leading mains was estimated to be nearly sufficient, together
with the amount saved by the construction of a single, instead
of a double reservoir on Sockanosset hill, to construct the
additional reservoir, and to pay for the land on which to build
it, leaving the other important advantages of this plan t0 :"'
gained at a very moderate cost. This view of the @ﬂttelf :L:
termined you to adopt the plan for: two reser\'mrs,t heiil
ing a single, simple reservoir to be built on Sockanosset il

to supply the greges

of
a leading mgip

Having determined the general charfmter of. the :ai::e}:
to be constructed at that place, and having obtame]jl_t eof <
sary levels and contour lines, anfl learned sojn:!:d lfogw P
character of the ground by test-pits, we endeavo o
the work, in shape and dimensions, as to g‘l'ﬂ'tz1 i he
capacity for the least relative cost. Tl:l]s ;:.%n]ffeet highe
high-water level should be placed four s‘:ln gommittee, o
than was proposed in the report to the
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of the reservoir, and six and one-half feet
distributing portion, or at an elevation of
ao hundred and eighty and one-half’ fe
one J

Eserv: ir 'ES pYriﬁ)rlll, to s
}Illn Uf tn]'l(‘? reservolr A ; : ot

lell: gl 1'0““'.] H ”u iS .LbClut one t-h{} 84l 1 eet long and C]O:
0 th 1 nsand [ Q l l l't-

jandred and sixty feet wide at the base.

receiving portion
higher ko e ot above high tide.

uit the character

-ered by the reservoir and embank-
S - - - - - 14.0719 acres.

- 9.5383 acres.
10.9467 acres.
29 feet.

mentis - - : !
The area of the reservolr bottom is

The area of the high water surface is 3% - -
The length of embankment, on the centre lm(?, is 2,885.
The length of the high water line, including
lines on wing walls, is - - - - 2,873.83 feet
The capacity of the reservoiris - - 51,156,044 gal-
lons; U. 8. standard.

The embankment is of earth, nineteen feet high above the
liottom of the reservoir, and fifieen feet wide at the top, ex-
cept where widened out near the inlet and outlet chambers,
with side slopes of one and one half to one, or, in other words,
ranning off a horizontal distance fifty per cent. greater than
the height. The high water surface will be four feet below
the top of the embankment.

The bottom, of the reservoir, slopes from the foot of the em-
bankment to the bottom of the outlet chamber, which is one
foot lowyer, o give facility for drainage. The embankment is
_formetl of earth taken from the excavation, which, as a whole
i well ad_ap:ed for the purpose, but lying as it does in masses;
Of_\?el;y different character, it requires to be very thoroughly
::ﬁ t::ige: the best results. So much of the surface soil as
men:e?o ;ﬂdgotﬁov;r the outer slope and top of the embank-
; iy lJThz r:s]ieo?&t’ wz’?s reserv.cd in sfpml banks for

e soil was mixed with other earth

for the embankmeng,
€ material y
e largag

2

sed for puddle was also taken from the exca-

Vation, ¢} : s
1 b portion of it being of a hard, compact ch

ar-

e e e

S T
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acter, the grains forming it being hard and g

in size from an almost inpa]pn}_,']e powde sharp,
a.aa.nd or crushed stone, and found, by expe:}j to coarge (i
in 'vfrorking. This was thomugh]y mixergcm_’. 0k
portion of yellowish subsoil, and wﬂen ‘r]]tlh
Tnade a very hard and apparently impervious mai—
in the excavation, the material crmminedh great

stones considered too large to go into the pluldle.]:“{;}m-ﬁf
most expeditious and effectual way to remove them : .The
be by screening through wire nettings of such sized :;3:}““1 :
remove all stones more than one inch in diameter wh;cl}.ag-h!
accordingly done. i s

Experiments were made upon the two principal kind.\: of
material found on the work, to ascertain what amount of
shrinkage was to be expected from excavation to embankment;
observations were also made upon the amount of void spaces
contained in certain materials, as a means of judging what
amount of finer material it would be necessary to mix with
that, to make the most compact mass.

‘What is called heavy material, on the work, did not shrink
at all, in the experiments. This was supposed to form about
three-fifths of the excavation. The other, lighter materid
supposed to form about two-fifths of the excavation, shrunk
about thirteen per cent. of its bulk.

The estimated loss in the removal of stumps was about oné
thousand cubic yards, and that from the removal of grass roos
and other vegetable matter was about eighteen hundred eabi
yards.

The total estimated loss and shrinkage of mate
to about nine and one-third per cent. on the to
excavation.

Three samples of sand, brought ﬁ"l’
for concrete and mortar about the inle prmi
were found, by measurement with water, to h’“’: ‘::g ?ﬂ’lhe
amounting, in two cases, to thirty-siX 4 ceuh Ik

: cent, of the whole Ot
other case to thirty-seven per cent ot, which had b

Phree samples of stone, suitable for concr'fl i [; e ases

ccreened from the earth used for puddle, ha

and yapgi,

shrink
& smalley
com Pacted

As found

rial amountel
tal amount o

m a distance and used
t and outlet chambert
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{ T ce f void
i ase forty-four percent. 0
¢ and in the other ¢ 3
o per cen
spaces.
Three samp
found in each case to

les of broken stone, suitable for concrete, were
have fifty per cent. of void spaces. ;

Three samples of sand, brought from a dlh.l.il.ll(:(‘., “0.:‘:;?111; te

kand yet to be used, were found to have, In two case . )J’
g d in the third, thirty-one per cent. of void spaces.
L ,loose stones, and other unsuitable
material, were removed from the site nf.thc embankment, so
as to expose 8 sunitable material on w!nch the embankment
could be raised. The amount of material thus removed was
greater or less in different places.

The trench for the puddle wall was cut deeper than the
general surface, for the foot of the embankment, and stepped
on the sides to a narrow trench at the bottom,

A trench was also dug for puddle at the foot of the interior
embankment slopes, six and one half feet wide and three and
three quarters feet deep, from which the puddle was carried,
in a layer two feet deep, over the natural earth, until it met
and was joined with the vertical puddle wall in the interior of
the embankment.

The material for puddle was applied in layers six inches in
thickness, then properly moistened and thoroughly compacted
by agrooved roller or by ramming, which compressed the lay-
ers 1o a thickness of about four inches.

‘Th_" enrth. for embankment was applied in layers seven to

of about six inches iE thick =08l o She Compiressed o dayers
ness.

bar::;i:u{el:?g:gezﬁo af}? lied»das - kce‘.) the sides of the em-

ing murface; an the middle, forming a concave or dish-

The
very u;a:i;l.l ﬁ::n:;:;:‘egnie?igldle wall ?mve been carried

ght for soiling,

the easterly siq
asterly side, between and about the §
chambers, ang op a o

The surface soil, roots,

excepting on
: and outlet gate-
portion of the northerly side where the sur-

s at present ab
Quired heighy, about five and one half feet below auch ro.

-

———— -
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The interior slope of the embankment s
layer of broken stone six inches thick
ment of split stone over that, fifteen i
erete footing and coping,

The inlet chamber is at the south end of the reseryy;
the outlet chamber at the northeasterly extremity, ’I'( 5
to be connected by a brick conduit of four feet interior dig
eter and about nine hundred feet long, laid in the embn-n k am.
outside of the puddle wall. i

The bodies of the gate-chambers and wing wall
of rubble masonry laid in cement mortar, the exposed Portion
of the wing walls being laid with quarry-faced granite ashly,
and the piers and exposed faces of the chambers in dressed
granite ashlar. The chambers are to be lined, after the work
is thoroughly settled, with hard brick, of which the diviiion
walls and gate settings are also to be constructed.

Three lines of thirty-six inch pipes are laid under the e
bankment, to be used for force mains, terminating in seps
rate cells within the inlet chamber, from which the water
can at pleasure be turned into the reservoir of into the
conduit connecting the two chambers. The outlet chamber
is arranged with three cells in a similar way, with which
thirty-six inch pipes are connected for lez'z.dmg mains A:::
passing through the embankment, these pipes vnll.ba redu .
to thirty inch, or one or more of t!)f: leadm{; matns 'm}l{;nd
the future, be laid of the full size, into the city, ifitis [0

esirable. .
X Arrangements are made so that water can be dr;t;:: ::;“:1:1;
leading mains from near the surface of the reser
ttom, at pleasure.
th?r:z ston,e mgsonry included in the contrac
cept in milnor particulars. for the brick masonry and the

It remains for you to contract for the. gate-chamber, ¢
buildings proposed to be erected 3761' g
plans for which have beefl Pregg:ecc-mtmct, but mot much P

The gates, ways &c., are uncer Lstruction; 88 they Wi
ress has been made towards their co
not be needed before next summer:

to be lined it
y and g eloge

' dl‘\' Xive.
nches t} I

vick, with o con:

and
hey gp

meny

8 are formed

t is completed ex
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oir was elosed on the twelfth
The general work or:h th:t;f:?r{;;rker i
day of Degember, but L0 1 slope lining, and men
erete, road-metal and sloj & :
ing stonc for.gon b stone for the slope-paving. It 1s
aro also engaged preparing st
osed that this work shall go on throug 2 .
By res have been taken to secure the reseryoir embank
I’::fmum injury by washing during thct winter.
o to the very mild weather during the autumn and
mg; u:f;utcr‘ the earth work was carried on much. ‘later
in the season than could have been reasounb.l y exp(.-ctcd ; but
on many mornings the surface was found slightly frozen, and
considerable expense was incurred by thc.cmltractor in re-
moving earth from the puddle, and in breaking up the surfa'cc
of embankment to fit it for proper incorporation with mat}arlztl
fo be put on during the day. Coarse salt was sometimes
strown over the surface, on leaving the work; and where used
in sufficient quantity it was very effectual in keeping out the
frost. By preparing enough surface in this way for work in
the early morning, time was gained for the sun fo act upon
other surfaces which were to be covered during the day, and
thus the whole expense, compared with the work done, was
not excessive.
The whole amount of work done upon the reservoir from
the fourth day of May to the twelfth day of December inclu-
sive, as estimated for payment, was:—

91,959 cubic yards Earth Excavation at - - $ 38
1628 % & Rack i 4 g - 2 00
16847 «  «  Ppuddle U . - 40
o) W QGonerete . . 8 00
10« & Broken Stone £ s - 3 00
?84r e e RnbEls Masonry “ . - 9 00
igf : :: Cut-faced Ashlar * = - 80 00
43.1in Qviarry-faced Ashlar at - 50 00
eal feet Drain Culvert bd=m, s, 4 00

Setting i :
g 18 86inch Tron Pipes, and 9 special castings for 550 00

In addition to the
Yards of stone,

above, about forty

-five hundred i
0 cu
suitable for concrete, o

slope-lining and road-metal,
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Were broken or screened from puddle
hundred dollars have been advanced :
count. No estimate has been m
pared, nor for sand delivered.

on which thirty.qp,
to the contractoy. | v

o
ade for the slope-payiy

on ap.

g pre.

'I“ha work at the pumping-station, and on the I
mains, has‘ consisted mainly of excavation foy tilln; of fopee.
of the engine house, to the level of the Wate’-’-t':zi “"Uhllatu.\n
struction of a sand embankment along the bank‘ ;’ k:he“m
dividing the channel from the site of the pmpoue:jj ﬁ!tt e {:.._-r.
excalvation to a small extent within that basin Lantl f;r;l ﬁ-nl
leading around it; the construction of two brick culve;:;wlf
five feet and one of four feet interior diameter with gruni'tle
heads and wing-walls; the formation of three sections of high
embankment for the force-main line, from cuts on the line ayd
borrow-pits near, and the partial excavation of a roadway from
the pipe line to the Pontiac road, and the construction of o
highway bridge on the Pontiac road over the pipe line,

In addition to the labor of laying out and caring for this
work, the engineering party stationed at Pettaconset has made
surveys of most of the lands purchased o taken for water
works purposes, and laid out for and superintended the con-
struction of so much of the three dwelling-houses, being erected
for the employees, as has thus far been executed.

Of the sand used for mortar at the pumping station, &0
samples were found by measurement to have, the one forty 1
and five tenths per cent., the other forty-two and one tenth ptt
cent. of void spaces. The measurement Was made by i.illmi:
box containing one cubic foot, and accurately measuring i
amount of water which the box would contain it ﬂddlmnt:de
sand. The sand was filled into the box at about the n:imﬂ
gree of compactness as if measured for mor’ﬁa{llf‘tt:: i

_ Another sample, filled into the box unfil 1
way ‘ : 1 after that ram
and then rammed, and having each shovelful ¢ and two tel
as it was put in, was found to have twenty-nin
er cent. of void spaces. o hov%
£ Two samples ofpgravel used in conerete Were found
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tenths per cent.,
id spaces.

from one of the test-pits had
and a sample of sereened

one {wenty-nine and six the other twenty-

soven nine tents per cent. of VO
A sample of soreened gravel
thirty-nine and two tenths per cent.,
cand had thirty-six and seven tenths per cent. of void gpaces.
A castiron pipe, eight inches in diameter, was sunk verti-
cally near the middle of one of the pmpoﬁcd filter-basins to the
depth of twenty four feet below the present surface of the
ground, or about twenty-two feet below what we have assumed
as the ordinary low-water stage of the river, and the bottom
heing open, the water is supposed to stand in the pipe at the
same level Bs.in the surrounding ground. A float was placed
on the water in_the .pipe, carrying & point which rose and fell
upon & gauge set to indicate the height of the water above tide
!e\rcl. .‘i\nother gauge, also indicating the height above tide,
is established at the river. The pipe is sunk at a point about
one bundred anld fifty feet from the bank of the river. y
tIm[‘ll-:iga obserm?mns upon these gauges at the present state of
ver, varying from seven to eight and one-half or ni
feet above tide, indicate that the waterin the land ris S
with the water in the river as that ri Y Somas e
; y BTVe at rises and falls by the vary-
}_:fl:l;‘:“:]l]ty ]T;llrned into it by the mills above, and that it e‘\'gn
e
S are two or three miles up theriver.
during the ni;;:‘.e:rl?):f "g?];‘{{‘ag thedhmﬂ :’ltnount PRy A
seven and one-half feet ahovey;i'?]n 1‘l" L Mo sBren
Ally stands from ten to seven i & Y16 Waker i Ahe pipe vau-
In the river. This diﬂ'erenen ‘-‘nches' higher than the water
length of time dudivg ohih tile in h?lght depends upon the
and consequently upon the ti © TIVET 18 running at a low stage
ate in the land to fall frg time given for the surface of the
1}1}°_5rdden fall in the ri\::-n ltt; Smgpe"li“‘l]iliﬂlion, ganpel by
which i , towards the ng Yl e
land infodt];li t;i’v”le average supply of w;ll(.l:- l]tl:i::} n‘:l ;]matmn
er at its low stage. But any g from the
3 Y mse or fall in

the iy
€r, even with this di
i 1 this ,
the water of the w fuflcponce o

lialf g
ilf an hour, cang

the

f elevation 1
N S i etween i :
ell in the basin, is felt at the w 2

g a rise or fall there,

ell within

I S

A s A
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In order to gain a fajr ]{nm'.-Tu:Igvnl”\\-}mt had }

by different engineers, and in 1““‘{.“!'!_‘“'. places ?-t . oz “.']“]""'l
and weight of water pipes, I gathered 51.1-51; 1,“U11 t]|1,tl i
be conveniently obtfained, and collated thep, i1.1lt“ )
and by profiles, and also compared by profiles t}
water pipes of various sizes in actual l;s:t; :
of the United States,

m . s
T'he formulz used for the comparison of thicknesses 5
2363 a3

48 coplg
abulyy form,
1€ Weights of

' many of the i,

"= = Pro.
posed or adopted by different engineers are as follgys._ :
1. James B. Francis, t=.000058 H D +.0152 D +.319
2. John Neville, t= .0016 (n +10) D + 32
3. M. Dupuis, t= .0016 n D +.013D + 32
4. John F. Ward, t=.0002 H D + .30
: _b5pr
5. James P. Kirkwood, t s + 40
.34 for 6 inch pipe.
.33 “ S 9 3
“ {3 “ o= 5 p r '39" o2 12 3 i
6 : t -(T_T‘r‘i- 98 o gp « @
26 %1301 & T
'24: 3 36 b i
.40 for 6 d8in, pipe

7. Modification of T
Mons. Dupuis’ .39 . 96“
formula sug- »t=3.4n(0016D) + 4 38% gu
gESted by Mr. :g; o gpu @
Kirkwood,

[

3

8. J.F.D’Aubuisson, modified, t=.00025 HD+.39

D | the largest result
Wm. J. M. Rankine, t= ,J T

HD ed.
— | to be us
PTA T “ t= 12,000

9.

10.
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= 5 — 0011 D
11, Thos. J. Whitman, t=-00810 D +.4—.001
/D HD
~ e
— —10 5)+ 557
19, Thomas Box, 5= ( 10 ""15) 25,000
s’ 87 for under 12 inch

t=.000054 HD + A 50 % 12to 30
18 Molesworth, ] e v

Proposed, for diameters _ oF E
4. gl:::m than 36 inches, § t= 00008 H D+ .0125 D + .33

—
]

“d{"‘,’;ff; %;rf:""me““ } t=.00008 HD+.01 D+ .36

{ = thickness in inches,
H = head in feet.
D = diameter in inches.

1 = number of atmospheres of pressure at 33 feet each.

] = pressure per square ineh in pounds.

1 = radius of pipe in inches.

¢ = cohesion of the iron, as allowed, being in No. 5 7,500, and in

No. 6 5,000, pounds.

The third formula, adopted in his practice by M. Dupuis,
engineer of the Paris Water Works, is in the form given by
Mr. Neville in his “Hydraulic Tables,” ete.

Mr. Ward would, in no case, take H at less than 100.

The *\'enth, twelfth and thirteenth formulas are found in
a little book of useful information issued by R. D. Wood
& Co., of Philadelphia.

The thicknesses of pipes as cast by Glasgow founders were

also compared with the others, but I have no formule for their
expression.
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The weights of pipes compared w.
PR pij Oompared, were those adopteq a8 fo

By Baltimore, By New Bedforg

[}

. e

“ Cqmbri}(r] - ‘: Piuladelphia,

" C.i:lelse ge, “ Trenton,

: elsea, ‘' San Francisco,
Chicago, “ St Louis,

*  Newark, -

3 I
Warren Foundry, Stock

I trust that the result of these examinations and comparisong
as expressed in formule Nos. 14 and 15, will prove to be }‘LT
fectly safe in our practice, and that we have not used mgpe

iron than ought properl ¥ to be used to insure such safety,

The pipes for the force main and for the leading main, are
cast in four classes, of different thicknesses depending on the
head of water to which they are to be subjected. Those for
distribution are cast in two classes.

The weights are estimated, at 0.261 Ib. per cubic inch, for
pipes measuring twelve feet in length, including the bells A
variation of four per cent. is allowed in the weights of single
pipes, and the gross weight of the pipes of a given contract
is allowed to exceed the standard weight two per cent. for
each diameter. The weights of the several pipes are marked
on them at the foundry, but they are re-weighed for ;ﬁymem,
on receipt at the wharf in Providence. :

The following schedule gives the thickness and weight for
each class of each diameter and the greatest proposed bydro
static head under which the pipes are to be used:




h:;minal
Diameter,
| Inches.
TR

6
8
8
10
10
12
12
14

E
—_
B

LELEssLEBE5EE
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| Thickness |

of Metal,
Inches.

Ot S s a2 bop

= pieo e31 O%

SR e S S5RD

[
- BT it s s 2303 2B SR e
@ S0 SI) I IO BIT IS0 BETN Caims HAK0 B3P Chi 13D B3 O

Ll -

=

Standard

Weight, ©

Pounds.
402
533
590
700
772
885
1,016
1,082
1,236
1,375
1,633
1,594
1,789
1,852
2,143
2,502
2,850
3,155
3,484
3,809
4,026
4,101
4,627
5,148
5,667

19

Greatest

Proposed

Head.

180
100
180
100
180
100
180
100
180
100
180
100
180
100
180
100
180

60
100
140
180

60
100
140
180
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The diameters are nominal, but

; : 1O PIPes or spenta
have less interior diamete : “pecial cag

_ r than that specified

the thickest pipe approximates closely to that diameter. m

exterior diameters of all classes, or i}li&sﬂneq:é;'l;];,tikir‘ T

required to be the same for each vonin i

the variations in thickness o ; j.:mnm.-_.r‘

in the interior diameter. 7 chings
The exterior diameters of

a8 nop

i
ach specified nomir
{ metal being made

: the pipes, and the whole of {hs
bells, being the same for every class, there is no trouhle in

laying pipes of one thickness in connection with thogs of
another thickness,

The depths of the bells are in proportion to the diameters
of the pipes, from two inches for the six-inch pipes, to foar
inches for those of thirty-six inches diameter. The special
eastings have bells one inch deeper than is due to the disme
ters of the pipes to which they belong,

All the pipes are cast vertically. The specifications required
that they shall be cast with the bell end down, but as the fis:
tures for small pipes were not fitted for it T allowed one foun:
dry, on condition that a separate core be made fm‘- the bell, to
make pipes of twelve inches diameter and less with thntbend
up, resulting thus far in quite perfect and hanc}sonie castings,
with unvarying depth of socket. The plan of u‘smg‘ast‘-p;
rate core is liked very much at the foundry, where nv.nli pro
ably be adopted for small pipes in their gcr.leral };?1?.]10: .

Aﬁer being coated with coal-pitch varnish whi )

i i dre
i ins n while under a hy
pipes are subjected to hammer inspectio

b
: TN ed pounds fo a square imci
static pressare of three hundred po e tobe

i i s 1 1sed was _
The tensile strain of the 1.]1'0|1 ;q g il
least sixteen thousand poun s pe .,f:{]r i h’
Jess than that usually spec:nﬁe.d, so far 2 Lo e
at first some trouble in getting spemmeade tne ppes
formly bear this strain, though as now 1 e g
rather stronger jron than we cal'e,don acco ;

E A . ' ‘
change in brittleness, to have use] B and th ,
SUTm- three hundred samples hav ebom it il
ordinary range of strength i from 33 g ia

t Jbout twenty-cight thousand poun
0t i )
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r the manufacture of pipes, on which the
carefully drawn, and required {:r?od
ade in regard to the strict-

The gpeciﬁcations for
id, were

-on-founders bid, we
iro Much complaint has been m ' :
{ our adherence 10 the specifications, but no pipes hm-‘e
B rected which were believed to be safe for our use, and it
e {herence to the requirements of the con-

+ hoped that our ac : he con-
’::n:!spmny tend to improve the character of all the pipes we

e, - (<
rec;Le right of rejection for imperfections is good at all times
antil the final completion and adjustment of the contract.

Much labor has been spent upon the plans for the.locntion
of the pipes, and the determination of their proper sizes. It
s been our effort to so arrange the distribution as to deliver
the water at its destination by the shortest practicable route,
and at the same time to provide for a fair supply to all sec-
tions in case of the main arteries to those sections being cut
off temporarily by accident or otherwise.

Estimates were made of the probable amount of water
needed at present and prospectively in all sections of the city,
and the smaller pipes were designed for a liberal supply for
many years to come; leaving the larger mains, which will be
ueeded when there is a largely increased demand, to be added
from time to time as they are required.

: Asaguide in the determination of the most economical
sizes ['or. pipes, to carry certain quantities of water, I caused
caleulations fo be made of the relative cost of pumping the
E:;Gsfpow:?c:dttl}]itionu;] lmcfl(l rllece.ssat'y to carry a cerfain quan-
Sl Orm;lg 1a :,n‘m 1 sized plpe,.nml the cost uf. an
e uonse({.;ent] 13 pc‘ll‘.lec;::ssar){1 to convey it at a less_ veloeity,
o 15311? \;i | Fss ead. These caleulations were
per pound uE coa;m{ ; ST dllt_-)’ et pounde
it ‘('.::;l, ' a cost of nine dol.lars per s].mrt, ton of
ce. The cost of iron pipe is taken at

ity dollars per ton. The diffi : . :
T zidl by . 8 d1{’ierence in cost of laying will
Aly afiect. the question. The loss of head result-




DD ]
22 PROVIDENCE WATER WORKs
WS,
ing from greater velocity is ¢
for new cast iron pipes.
The result is as follows :—
Diameters of Pipes.

6 inches
8

alculated from Dareyg

formy

Iy

Greatest allowah]s velosjte
2.526 feet Persen
2405 « g

10 0

: 2.583

o : 2.904

i ) 1 2.929

o . g : 2.990

= y : 3.224

o - g : 3.488

The 30 inch pipe is compared with a 36 inch. If the ge
mand for water at a given point is such as to require a greater
velocity than is given opposite a certain sized pipe, then the
next larger sized pipe should be used in that place.

As the velocities given are the greatest allowable for th
size of pipe, and as the loss of head is based on experiments
upon new pipes, free from rust and accretions, which will i
crease the loss of head, I have assumed two feet per setoni
as a general guide for the velocity of floy in the distributios
and the sizes of the pipes have been determined accordingly
Perhaps a greater velocity might have been allowed in the
larger pipes, but as the influence of those pipes thet;}i‘ M:u
a greater area, and I understand it to be your _Wis'ﬂ to “"'; ]
decisions lean towards a thorough efficiency 1n the W{: iy
was thought best to adopt a uniform rate. This will 8 dalnc'f

: have a tendent
increasing the sizes of the larger mains, e
to delay the increase in their number, which 11

ime.
however, come at a later tim!

The contract for laying pipes required tha:
1,800 feet of 36 inch force 0¥ n;m. o
27,150 feet of 30 inch leading ™&

. i n
3,000 feet of 24 inch leading % ber st ¥

fore the first day 0f]'pt of PIPES n bt

or be
oe completed 1, g them the non-recet

numerous causes, amon
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ded to interfere with the work, and

ired, have ten : : E
ouler gL ith the following amounts

it closed on the 80th of December, W
Jaid :—
ForoE MAIN, 86 INCH PIPE.

From Station 21.26 to Station 38.004.

29 pipes of class B, - 852.42 f'c.qr,

i LOMIC R b - - - 984.37 *©
T LR UL . © - - - 121.58 *“
THRRIER RS g - - - 218.74 “
138 pipes. Total, - 1,677.06 feet laid.

Average per pipe, 12.153 feet..

LeapiNg Marx, 30 INCH PIPE.

From Station 3.582 to Station 27.50.

37 pipesofclassa, - - . 449.81 feet
R 486.98 ©
i L R - - 1,4922.837 «
3 1 113 i B' ¥ " - 3647 M
197 pipes. Total, - 2,894.93 feet laid.

Average per pipe, 12.157 feet.

From Station 89.89 to Station 91,38,

;‘32 pipesqfclass B, = = - 1,935.70 feet
= Ll L - - 3,213.66 «
423 pi

pipes, Total, - 5,149.26 feet laid,

Average Per pipe, 12,178 feet.

e




PROVIDENCE WATER

“"'JI:K.\‘.
From Station 108.09 to Station 123
118 pipes of class b, L
4 « [T B. 143342 E‘L..ﬂ'
0.65 u
122 pipes. g
Add for two branches, 1’16%0? “
7.00
Total, - 1,491.07 foet 1

Average per pipe, 12,164 feet.

From Station 145.96 to Station 154.88.

69 pipes of class b, - - - 839.98 &
4 (13 i 111 = e o
B, S 48.69 »
73 pipes. :
bs 3 E
Add for one branch, - . - 383’:'] n

Total, - §92.32 foet laid.
Average per pipe, 12.173 feet.

Total length of Leading Main laid, 9,927.58 feet,

SUMMARY.
Total number of pipes laid, - - 953
Total length of pipe laid, - - 11,593.97 feet
L & & Thranches, =T 10.67

Total length of pipes and branches, - 11,604.64 feet laid
Force main, 1,677.06 ft. 86" pipe = 0.3176 miles.
Leading © 9,927.58 30" pife = 1.8802 °

—

9,1978 miles

Total, - 11,604.64 “

The stationing is measured horizontally-

occurred in 7
that weshal®

pason in 8m

Notwithstanding the delays which have
the pipes during the past
ceive all that are proposed

year it is sUppOs
to be laid next®
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and that by employing four gangs ol

= ol vopurpose, ? L :
time for the pur] by the first of August,

jipe layers We ghall be able to putn,
i]l lh:ti are now contracted to be laid.
| : A . - the present,
Though the pipe-laying 1s stopped for o and on the
f"hlﬂsti-nr\r for pipe trenches, on the force main and on i
. o B 1 .
e . : +d the th these
Jeading main, 1 still going on, and it is !"’l'l-ll_lh lLl l.m e
lines may be connected with the reservoir during the winter.

the work

<and cubic yards of earth have been

About thirty-three thou . : :
ichway on the line of leading

removed in grading for the b :
between the Reservoir and the Stonington Railroad.

main : on
f sheet piling have been

About eight thousand feet B.M. o
Jriven. About two hundred cubic yards of rubble and about
six enbic yards of granite ashlar have been laid for the abut-
wents of a bridge over the Pochassetriver. These abutments
were, by contract, to have been completed on the first day of
November. About one fifth of the masonry is yet to be laid.
The other materials, excepting two wrought iron givders, are
ready for the completion of an iron bridge as soon as the abut-
ments are finished.

Very careful and elaborate investigations have been made
i regard to pumping engines, and considerable progress has
been aftained in the plans for them. A mistake in this matter
m‘ightbedisustrr_aus, and any gain in efliciency or simplicity,
without loss in other respects, would be very valuable and well
worth great efforts to obtain. We shall gain time for
ll:lumugh and complete designs, by putting up a temporary en-
gine for the first supply of the city. Such an engine is now
i pronicss of construction by Mr. Henry R. \’\"Olihinvton of
New lf:ll'k, under contract for its completion in runnin?r or‘der
on the first of next August. Your conclusion to l.ltc hi
lemporary engine has T think, made the trod - _‘fi) i
mto the city Eurin" t[xic req a8 SNSRI ater
B disudv:um,:eg“: ]:: \:ler"\‘ probable, and has relieved
> ]lEl'mm:Lem, . ges ‘lL- 1 would attend the construction

ngines, with adequate wells and foundations,

Within 8o short 4 time,
4
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Designs have been made n
to be used in the
mens of eight inch and twe
Main street are in process

R our office for the Valyes
distribution and on the Maing,

nty-four inch sjzpq fi
of const ruction,
. Bids have been received from thyee competent mgpyf.
Ing parties for making the whole num} o
are expected from two others withina few daye
that such data as you will require, :
these important parts of the worlc,
short time and in good season for t}
will be needed.

The valve is designed to be parallel-faced, with single disk:
which wil} drop below the pipe for all sizes more thay twelve
inches in diameter, and rise above it for those of twelve ingles
and under. In these respects the valve is not ney,

OET required. and ki

It is hel
in order to contract foy
can be furnisheq Within
1e1r completion |

before ther

We have also made designs for the construction of a hy:
drant, which it is hoped will combine many of the advantages
and be free from some of the disadvantages, of the hydnats
now in use. '

Its location will be on the sidewalk, just inside the curl-
stone, and it will be supplied with water thro?gh a braoch 1o
the street main, eight inches in diameter, forming a portion n;
the body of the hydrant. No part of ?‘ne permanent [}Z(ir:m::];}
it will be above the surface of the sidewalk, to mal:z:enr
struction there, but, for use, a movable head, c{n;'c:::t:v i.(h b
which will be carried by each h"““‘_’“’“?"“{ﬂ';‘; -;';ost-hydrﬂm-
engine, will be attached to it, makmg mfe I{|;esofllﬂse e
for the time being, capable of supplying four

hutting off each at pleasure.
feparate gates for s g

trial, a0é

One of these hydrants is now nearly compif;daifuw
L s  WAY, SO J

it will be thoroughly tested in every waj :+ s nearly pereet®

changes may be made in order tol ha\:) :k.

ible before being adopted on the ¥ ctare hare 28
Poiianv of the tools necessary for ltsblmi;tl;n o th st
made, as they were almost Endlﬁp(;niz a.iy i I
and will be worth their entire cos
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act to furnish the works with

f hvdrants as you may think best to call for. ]
> ho are expected to bid for the \mr?‘,
11 that will be :'urlmrcd, in

ful in competing for the contr

guoh number ©

Some, at least, of those w ‘
have ample facilities for making a
good season for use.

i : ,xaminations in the basin
While making the underground exami

e found a peculiar material lying at
ce in a large bed on the west-
ation. On being poured from

af the pumping station, we fou
varying depths below ﬂ“;" i

ide of our proposed excav
:-‘l‘;i"bﬁt; in whﬁ:hlthc material was brought up, the watr:*r.
coming with it, carried upon its surface w hat seemed to be an
oily substance, with quite bright and variegated colors. The
material is formed of very fine particles, nearly b}ack, and
when dry itis compact and imperyious, but on l‘)umg. acted
upon and dilated by water it runs somewhat like oil, and
when the eight-inch pipe used in sinking the artesian wells
was left over night in it, the surface of the material would, in
the morning, be found several feet higher in the pipe than it
was the night before.

Though its depth below the surface, and its position in
reference fo our proposed excavation, is such as to give us no
great fear of trouble from it, yet it may be that water flowing
over its surface will afterwards reach the basin and mingle
with the waters supplied to the city. In view of this possi-
bility, T sent to Professor Appleton two samples of the mate-
ridl, and one sample of o mixture of the material with water,
a8 drawn from one of the wells which was sunk into‘it, with
the request that he would ascertain whether any injurions
iatters were contained in, or accompanied, the specimens. He
e R
take P]rlce toa m‘uch greater :\tnc:gzb:]:l : e-‘.en .11 tha't should

: : an seems possible, and
the fact that neighboring wells are sunk in i “thei

g : 1t, and have their
Y in the material, without

lruub}c, except that the water is hard and slight.-
sustains this view. 4

\'lSlb.le supply of water held entirel
tansing any

Iy brackish,
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I have appended Professor
gard to this subject,

Examinations are now being made by
to ascertain the action of the Pawtuxot “v‘«'ﬂl(‘t’nn e
of pipes used, or proposed to be used, for service pie. .
being done in accordance with
experiments to be made on the P
supplied to other cities.

It is proposed, also, to send a sample of the water 5 py,
fessor Chandler, of New York, whose experience j
ters is well known, with the request that
tests as he thinks may be useful
pipes.

It is understood to be your wish that great care be ayer
cised in gaining a knowledge of every essential element g 4
right decision in regard to the kind of service pipes to be
used on these works, as the question is a very important ane,
and should be decided independently for every separate water
supply, on account of the great difference which is known &
exist between different waters in their action on metals

Appleton’s Written Tepor iy

Proibssm- A D] let

kinds
Thisi
zing §

awtuxet water, qpq

€ Pipes
your vote authgy

On water

D such mst
he will mal
; 1 regard to its gefig

Your quarterly reports have given infomatim‘a in regand b
the engineers whom you have appointed as assistants o e
work. I think the ecity is fortunate in obt:lmmgsuchgoold e
vice as has generally been rendered by them, upon glnc]a E:
much of the success and good character of the work depen

I am your obedient servant,
J. HERBERT SHEDD,
Chief Engineer
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Browx UNIVERSITY LABORATORY )
PROVIDENCE, Jan. 28, 1870. )

1. HErBERT SHEDD, Lsi.,
Ohief Engineer of Water Works.
8 I received from you, Nov. 30th, 1569, two samples ul‘.ﬂ;ﬂ
g Smm:—lrece W Rt S octively
I}E:ilforchmnicnl examination. They were mal ked respectively
or ear

A and B.
sample A. :
Confained of moisture,

(.28 per cent.

of matter soluble in water, - - i; k
oS soluble organic and volatile, -6
g i 1l W “
misdgp { soluble mineral matters, - - L0
Sample B. g
Contained of moisture, - = = 500 per cent,
S 25 ¢

of matter soluble in water,
{ soluble organic and volatile matter, .16 * &
mudeupofi s “ 09 % o«

soluble mineral

As the most important point with respect to these soils was the action
of water upon them, the thing to be determined was the amount of
soluble matter in them, that is, the amount of matter that would be dis-
solved by the action of water.

[twill be seen from the statement above, that in each case this amount
was extremely small—so small as in my opinion to give no ground for
fear of contamination of water from this souree.

These soils were further examined by aid of the microscope. By
this means they appeared to consist of two parts:—

L. A fine part, of no characteristic appearance,

‘.!.] A coarse part, which seemed to consist of quartz and fragments of
coal.

n[leu 18th, 1869, T received from you a sample of water for analysia,
o ;:ns from t:ml same neighhorhood as the soil above mentioned and
very turbid from the presene i
) ; e of a large 1
b pres ( large amount of mineral
Th
& 1:; total amount of matters, suspended and dissolved, was about 393
8 {5 i v =
:'amwf.;; A}ms'rman gallon, but of this large amount only 11 grains
5 rl'lnnri:l:m head of organic and volatile matters. Further, these lat-
Aterials, upon igniti o ; : : 2 ]
Pon ignition, evolved no flame, showing absence of any

appreciable Amount of oily matter.
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A portion of the water was carefully filte
evaporated for the purpose of determinin
solved, as compared with those
The results were,
Total matters, -

red, anq the
o the amoupt of
ly suspendeq,

mere

166 gr. to Am, gy
made up of 5 organicand volatile - . 12w ;
mineral, - - - - 154 «
But these results are a little too high because of the ¢
of making the water perfectly clear:

accurate for the purpose.

Xtreme digoe,
nevertheless they

are sy

Yours, respectfull Y,

JOHN H. APPLETON,

Professor of Chemistry
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