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PROVIDENCE WATER WORKS. 

0FFIOE OF THE CHIEF ENGINEER, } 

PROVIDENCE, January 2, 1871. 

To MeMrs. M. B. LOCKWOOD, 

CHARLES E. CARPENTER, 

JosEPH J. CooKE, 

Water Commtssioners of the Oi.ty of Providence. 

GE.."iTLEMEN :-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 
<ktober, 1869, I first gave attention to those parts of the work 
likely to require the longest time for their execution, and 
caused surveys to be made on Sockanosset Hill, with refer­
ence to the definite location and plan of construction of the 
~rincipal reservoir; and on the grounds selected for a pump­
mg station, with reference to their best treatment for that pur­
pose. 

In considering the construction of a reservoir, two questions 
of 'd · 

const erable unportance were to be settled. The principal 
one as to th · " - . 

' e necesstty 10r makmg filter-beds m connection 
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with the reservoir, had received consid bl 
1 d 

era e attent" 
yourse ves, an the course of your d l"b . •on from 

ful . . e l erations te ded 
very care mquuy into all the plans th n to a 
for filtering the water and to such at could be ndopted 

k 
'f . ' an arrangement f 

wor , 1 posstble, as would allow the dec· · f 0 the 
f h 

. lSlOn 0 the qu 'ti 
o t e construct10n of expensive arti:fic'al til b cs on 
d 1 d '1 fte • ter- eds to be e aye unt1 a r the first introduction of t . 
city. wa er mto lhe 

During your earnest consideration of the matte th 1 
d f 

. r, e pan 
occurre to me o usmg as a natural filter the sand, . . ' over and 
through whtch the nver flows, making it available b . . b . h . yexcnlalo-
mg asms near t e rtver, and below the level of its surii 
This pla~ w~s favorably ~eceived by you, and as our preli~~~ 
ry exammatJ.Ons were sattsfactory, the llcheme was accepted as a 
happy settlement of the question ; whereupon all discussion 
of the subject ceased. 

The second question, as to whether the reservoir should be 
constructed in two parts on Sockanosset Hill, or have one pnri 
transferred to a suitable location in the city, was somewhat 
involved with the first: for, in the scheme proposed by the 
Committee of the City Council, and taken as a general guide 
for our plans, the line of filter-beds occupied the place of a 
division embankment between the two portions of the reser· 

VOl!'. 
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 

· · hil · £ e tially wns no\ of filter-beds, thetr constructiOn, w e m er n •. . . 
specially recommended, but was left for future dectsto~·1: 
may be seen by this quotation :-"In regard; an~ ;ro,i· 
waters recommended for the supply of the_ ty oy •maiL 

1 tte · them ts so ver " 
dence the amount of solub e ma r tn . id seem to 

' . h b t of wells, that tt wou . 
so much less than m t e es k f educing tbti 
be superfluous to filter them ~or the. ~a e iso c:ncerned, tbe 
amount. And, so far as prac~tcal utiltty ll amollnt of su> 

'd f eparatmg the sma B i .D 
same may be sal 0 8 • tlin basin. u., 

1 

pended matter left alter passtng the set g 
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't should be desired, the plans submit­
eliSe cxtroordina~: ?un/r filtration, which may be adopt~d _or 
te<i embrace pro~.JSI;h~ther there are some subtile and lDJU­

not at pleasure. . . bl or at least undiscovered by 
rious clements,_ undJscovet~ ;~mmon to all waters, available 
ordinary chemiCal tebs~s,han uld be affected by thorough filtra-

br supply W IC WO • d f 
tor pu tc . ' . d . d d our present knowle ge o 
. ·. ot dt~cussed, an , 1U ee ' . d' 
tton, •~ n . . dl ffi . nt to allow of its intelligent tscus-tbe matter ts hnr y su cJe 

:-io;hc matter which it seems desirable to have re~oved ~om 
the Pawtuxet water has, for the ~ost part, Yery ~ttle wetght 
or substance, but is simply a colormg ~a-tter, commg, I have 
no doubt,from nutumn leaves, and of Similar nature, probably, 
to the coloring matter of that common beverage, tea, _an_d 
having no injurious quality, so far as known, though 1t 1s 
objectionable to the eye. . . 

This appears only during certmn port10ns of the year, 
~nd is of such delicate fineness as to make it doubtful 
whether filtering, through the ordinary artificial filter-beds, 
would remo\·e it. To test this, a small filtet· was con­
~tructed, as nearly as practicable, of similar materials and 
llith the same arrangement as would be used in large 
filters, nnd bnving a surface area of one square yard, through 
which the wnter of the Pawtuxet river, at the Pontiac Mills, 
was nllowed to flow at about the same rate as would be adopt­
ed in practice, or about eight inches per hout·. It was also run 
at n slower rate thnn 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 tho amount of coloring 
~atter was considerably reduced, it was not at any time eu­
nrely removed. 

_A comparison of this water was also conveniently made 
wnh the water of a large well excavated in the sand near the 
~nk of the Pawtuxet river, at Pontiac, and largel/supplied 
w:~pose, by the river water filtered through the sand. 1~ 

ound that the artificially filtered watet· had in compari 
son, considerabl 1 h b ' -

• e co or, t oug I was much struck by the 
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remarkable clearness of the well wate b h 
beaker glass and in a large body Pr, " ot as. seen in the 
· · ro,essor A 1 

smce told me that he has found tb' PP eton baa 
. . IS water to b 1 Cisely hke the Pawtuxet differing onl fl a most pre. 

. h ' y as water slowl fil mg t rough a large body of sand would b . Y .' ter. 
th · h · e expected to dif!i 

at 1s, av1ng a little less vegetable and a littl . er; 
tt . h 1' ' e more nunerat rna er, Wit s 1ghtly increased hardness If 
b bl h. · , as seems very 

pro a e, t 1s well water is in great measure tb 
1 e natura ly fil. 

tered. P awtuxet water, it furnishes strong evidence that the 
colormg matter can be removed by natural filtration th b 
sand, on a still larger scale. roug 

While the artificial filter tests were going on, examinations 
were being made in the sand basin through which the river 
fi?ws, neru·. the propose~ site for the pumping station, by dig· 
gmg test·plts ; by drawmg 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 
upon~be stability of the sand, and of the distance of sand 
passed through upon the color of the water, were carefully 
considered. 

T he result of all these investigations led me to the conclu· 
Rion that the material was well suited for use as a nat~ral 

b · · suffic1ent filter and that the probability of o tammg a d • 
' · t d in the sno , a. quantity of clear water from basms excava e .. 

1 b . t a comparatne J a depth below the surface of t e nver, a . greal 
small expense, and without permanent cl~~=·it~:~=r tbnn 
as to leave little or no doubt of our duty dant upon 

d tant care atten 
to incur the great expense an cons . to be so etfectual 
artificial filter-beds, which did not pro~seb ssiblecbnnce 

· 'thstandmg t e po for our purpose; and tbls, notwl . d of construe~ 
d the possible nee ld of fai l ure in the scheme, an . however, sbou 

ing the artificial filter-beds at last. Even, 
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ft natural filter basin, it would probably be 
11 ta1 ~s " · b · 

th II C
onsiderable portion of its cost as a setthng asm, 

wor . d d . . b . 
from which the water, in thiP case mtro uce Jnto Jt y p1pes 
running through the river embankment, wo~ld be pumped. 

Tbis project having, as before stated, received your approv· 
al, tho plans of the Sockanosset reservoir were designed for its 
coo:;truction without filter-beds, but were so arranged as to 
admit of their construction at some future time, if found neces· 
... uy. without much interference with the operation of the 
w11rk>, nor much extra expense on account of their being sub· 
sequently built. 'rheir proposed location is on the northerly 
side of the re~en•oir, where the land is well adapted for them: 
an•l openings have been left in both the inlet and outlet cham· 
hers for the connection of conduit.<> leading to and from the 

prop<'sed site . 

. In regard to the construction of a reservoir within the city, 
11 was necessary to secure a suitable site for it, at such an ele­
vation ns would admit of its use in connection with Socka· 
noo.-ct reservoir. Such a site was found at the corner of Hope 
and Olney street;:, and within the square formed with those 
~trook< b)· Bnrnes and Prospect streets. 
. ?n_c ?f the_ chief ad vantages to be gained by such a reser­
IOir IS Its action ns a regulator in connection with th d il 
use of water in the city. e a Y 
. Another adv~ntnge to be gained by it, is the storage of a con-
:~~;~hle quantity . of water, near the place of consumption, 
of su ~t.tld be rc~ted upon for use during a possible stoppage 

pp y by :ICCJdent to the leading mains or ft·om th 
cause. ' o er 

The use of such a reservoir as I . 
tbirty-inch · f ' a regu ator, wtll render a 
citr as • thml_rattn. o . abobut equal value for the supply of the 

• " Y·SIX IOC . · h rea.'On for thi; li~ . h mam wtt out such regulator. The 
in the city duri m t ~fact, that the consumption of water 
fifty per ~;nt. g~;te~e:~~n hours of the day, is often about 
and sometime~ mucl n the average hourly tonsumption 

. t more than that At t" 1 ' . lrue~, a so, for a 
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whole day the demand is about fifty per cent 
average; and occasionally for an entire montr~~er than the 
greater than the average for the year with ex ' lti. IS one-third 

. . h1 . ' cep ons of ev gteater mont y consumptiOn. Therefore ale d' . en 
· . ' a mg lllam fro a reservoir, at a distance of several miles 00 0 

"d . m 
. d ne Sl e IS re 

quU"e to be of greater capacity, in order to supply th · 
d d . e great~t 

eman Without too much loss of head under tb•t 
1 

f 
fl . . ' utaeo ~w ~ b~t, mth another reservOir lying beyond the centre of 
d1str1butwn, near at hand, on the opposite side, a leading maio 
may be of such size as to supply the average demand; ft•t, 

when the draft. upon the main exceeds the average quantitr, 
so as to lessen the head upon the pipes, a supply begins io 
flow from the regulating, or storage reservoir, and thus the 
demand is supplied from both directions, through pipes of n 
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 overfiow~ 
into the regulating reservoir nod is stored there for u~e rluring 
the greater demand. 

The savina of exp~nse by such a reduction in the size of 
leading mai:s was estimated to be nea~ly suffici_ent, t~ether 
with the amount saved by the constructiOn of a smgle, m~te.1d 
of a. double reservoir on Sockanosset hill, to construct t.he 
additional reservoir, and to pay for the land on ~bich to ~~~ 
it leaving the other important advantages of this plan 

g~ined at a very moderate cost. This view of the ~attelr de· 

d h 1 for two reservou-s, e:w· termined you to a opt t c P an t I'll 
ing a single, simple reservoir to be built on Sockanosse u ·. 

b t of the reserrolr 
Having determined the general c a~c erb . d the neces 

d b ] c and havmg o tame 
to be constructe at t at p ac ' ed etbing of the 
sary levels and contour lines, and learn d som ed to so plso 

rl b t t pits we en eavor 
character of the groun y es -. , s to ·ve the greate>t 
the work, in shape and di~ensJOns, a This ~quired thnt the 
capacity for the least relattve cost. d e-balffeet higher 
lligh-water level should be placed fourtban ~:rnmitt.ee, for the 

l . tl e report to e than was proposec m 1 
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. d ·x and one-half feet h reservotr an SJ. • f 
l'fceiving portion _of ~b:tin portion, or at an clcva~ion o 
lu•hcr than the dlslr ff ne half feet above high tJde. 

- huotlr~d nnd eighty a~ ? - iJi to suit tho character 
one ( th reservOir ts pyr orm, d . ht 

'!'be plnn o . e_ e thousand feet long an eJg 
f the ground i Jt IS about on . 

o I . I sixlj' feet wide at the base. . hnndret ,II\! • 

d b the reservoir and embank-
The area col•ere Y . . 14.0719 acres. 

mentis · _ ~tto~ is _ _ 9.5383 acres. 
The area of tho reservOir - 10 9467 acres. 
l Of tile hinoh water surface lS • · 

TIC area 0 r - 2 885 9.9 feet. 
Tbelcnhrth of embankment, on th~ cen~re m~, IS ' ,., 

'J'hc length _of the hig~ water hne, ~~olud.mg 2 873.33 feet. 
lines on wwg walls, IS - • ' I 

1'hc capacity of the reservoir is 51,156,544 ga . 
Ions, U. S. standard. 

The embankment is of earth, nineteen feet high above the 
bottom of tho reservoir, and fifteen feet wide at the top, ex­
cept where widened out near the inlet and o~tlet chambers, 
with side slopes of one and one half to one, or, m other words, 
running 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 lower, to give facility for drainage. The embankment is 
formed of earth taken from the excavation, which, as a whole, 
is well adapted for the purpose, but lying as it does in masses 
of_ my different character, it requires to be very thoroughly 
lliUed to get the best results. So much of the surface soil as 
was required to cover the outer slope and top of the embank­
ment to a depth of one foot, was resen·ed in spoil banks for 
tha~ purpose. Tho rest of the soil was mixed with other earth 
for the e'mbnnkment. · 

:he material used for puddle was also taken from the exca­
vahoo, the largest portion of it being of a haru, compact obar-

2 
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acter, the grains forming it being bard and b 
. . fi s arp and va . 
m s1ze rom an almost inpalpnble powde •~ ' tyrng 

d r w coarse ..,..; 
san or crushed stone, and found by exper· o·~ned 
. lci . , Jmeot, not to sh . k 
m wor ng. This was thoroughly mixed · 1 nn 
portion of yellowish subsoil, and when ~~!tit a smaller 

d h d "'e compacted rna e a very ar and apparently imperviousma , 
· h · sa .as found 
m t e excavatiOn, the material contained great be 

. num ~of 
stones eons1~~red too large to go into the puddle·wall. The 
most expeditious and effectual way to remove them seemed 
be by screening through wire nettings of such sized mesh as: 
remove all stones more than one inch in diameter, which \'ll 
accordingly done. . 

Experiments were made upon the two principal kinds 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 spnces 
contained in certain materials, as a means of judging whnt 
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 notsluink 
at all, in the experiments. This was supposed to form a~ut 
three-fifths of the excavation. The other, lighter maten!l, 
supposed to form about two·fiftbs of the excavation, shrunk 
about thirteen per cent. of its bulk. 

The estimated loss in the removal of stumps was about ont 
thousand cubic yards, and that from the removal of gra~ ro:~' 
and other vegetable matter was about eighteen bundre cu rc 

yards. · 1 mounteJ 
The total estimated loss and shrinkage of mate~ a ount pi 

to about nine and one-third per cent. on the to am 

excavation. fr distance and u~ 
Three samples of sand, brought om ad tlet chamher.-

for concrete and mortar about t~e inlet ran to ~:ve void spsCl'l 
were found, by measurement Wl.th w~te , ent. and in the 

. · to tlmty·siX per c 
amountmg, m two cases, f the whole bulk. 

Other case to thirLy·seven per cent. o etc which bad betP 
. . ble for concr , f< rtr· 

'l'hree samples of stone, sulta die had in two cases o . 
screened from the earth used for pud , 
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d in the other case forty· four per cent. of void 
two per cent. au 

spaces. I f b ken stone suitable for concrete, were 
Three samp es o ro . ' . 

d . h cnse to have fifty per cent. of vo•d spaces. 
foun m enc l~s of sand brought from a distance, now on the 

Threodsamtpto be used lwerefonnd to have, in two cases thirty 
workan ye ' f 'd 

t. d l
·n the third thirty·one per cent. o vot space1<. 

per ceu an ' · bl 
The surface soil, roots, loose stones, and other unsu1ta e 

material, were removed from the site of. the embankment, so 

10 
expose a suitable material on wh1ch the embankment 

:uld be raised. The amount of material thus removed was 

greater or Jess in different places. 
The trench for the puddle wall was cut deeper than the 

general surface, for the foot of the embankment, and stepped 
oo 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 
:~nd 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 agroov.ed roller or by ramming, which compressed the lay­
ers to a th1ckness of about four inches. 
n' Th~ earth. for .embankment was applied in layers seven to 

me mcbes m tluckness, which, when properly moistened and 
wfell rolle~ w.ith the grooved roller, were compressed to layers 
0 about SIX mches in thickness. 

ba T~e l:~yers were so applied as to keep the sides of the em­
• D ·ment higher than the middle, forming a concave or dish­
Ing surface. 

The earth emb k 
very near! ' to than me~t and puddle wall have been carried 
the easter)) "d e requu-ed he•ght for soiling, excepting on 
chambers ~~:~ e, betw~n and about the inlet and outlet gate­
~ is at ~rese~: ~portiOn of the northerly side where the sur­
quired height. out five and one half feet below such re· 
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The interior slope of the embankmc t. 
layer of broken stone six inches thick n Ids to be lined IVitL ~ 

t f r ) an a close d 
men o sp 1 t stone over that, fifteen inches thick '. ry ]XIve. 
crete footing and coping. • With n con. 

The inlet chamber is at the south end of th 
the outlet chamber at the northeasterly e t e. reservoir, and 

b x rermty 'rhe}· 
to e connected by a brick conduit of four fi t . · . art 

d b . ee mter•or diam 
eter _an a out rune hundred feet long, laid in the embankm · 
outstde of the puddle wall. .ent 

The bodies of the gate-chambers and wing walls are fl ed 
of rubble masonry laid in cement mortar the e3 posed 

0~ 
{ . . . . ' portion 

<> the m~g walls be10g latd w1th quarry-faced granite ashlar, 
and the p1ers 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 division 
walls and gate settings are also to be constructed. 

Th;·ee lines of thirty-six inch pipes are laid under the em· 
bankment, to be used for force mains, terminating in sepa· 
rate cells within the inlet chamber, from which the water 

can at pleasure be turned into the reservoir or into tbe 
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 leading mains. After 
passing through the embankment, these pi~es will_ be redu~ 
to thirty inch, or one or more of the leadm~ m~m.s _m~y, 1" 

the future be laid of the full size, into the ctty, tftt IS found ' . 
desirable. · toth 

Arrangements are ma•lc so that water can be drn.~n ID ' 

leadin.,. mains from near the surface of the reservOir or near 
0 

the bottom, at pleasure. . . com leted el 
The stone masonry included m the contract ls p 

cept in minor particulars. brick masonry and the 
It remains for you tQ contract for the ate-chamber, the 

buildings proposed to be erected over the g 

plans for which have been prepared. t, but not much pro-
rrbe gates ways &c., are under contrac .; as they wiU 

' h · struc.,on, ross has been made towards t elr con 
not be needed before next summer. 
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1 work on the reservoir was closed on the twelfth 
The genera , k k . h 

f D 
bcr but the stone breaker 1s cpt at wor c1 us · 

dsy o ccem , 1' . d 
. ' ~or concrete road·metal and slope mmg, an men 
mg swnc 1' ' • It · arc also engaged preparing stone for the slopc·pa~mg. JS 

d thnt this work shall go on through the wmter. 
proJ:ures have been taken to secure the reservoir embank· 

mcnt from injury by washing during th~ winter. 
01\·ing to the very mild weather dur1?g the autumn and 

t>:~rlY winter, the earth work was earned on much later 
in tbcs.:!lSOn than could have been reasonably expected; but 
(ID many mornings the surface was fottnd slightly frozen, and 
considerable expense was incm-red by the contractor in re· 
mo1·ing earth from the puddle, and in breaking up the surface 
ofcmb~nkment to fit it for proper incorporation with material 
to be put on during the day. Coarse salt was sometimes 
strewn over the surface, on leaving the work1 and where used 
in sufficient quantity it was very effectual in keeping out the 
frosl By preparing enough surface in this way for work in 
the early morn in~, time was gained for the sun to act upon 
other surfaces wh1ch were to be covered during the Jay, and 
thus the whole expense, compared with the work done was 
not excessive. ' 

The whole nmount of work done upon the reservoir from 
t?e fourth day of May to the twelfth day of December inclu­
~tve, as estimnted for payment, was:-

91,959 cubic yards Earth Excavation at <to 36 
1,626 " " Rock " " .., 

16,347 " " Puddle " 2 00 
59 " " c 40 oncrete " 
10 " " B 8 00 

784 11 
" roken Stone " . . 3 OO 

2 
Rubble Masonry " 

9.5" " . . 9 00 
46 

Cut·faced Ashlar " 80 .6" " Q 00 
46 lin I fl ~arry.faced Ashlar at . 50 00 

Setr en eet Dram Culvert " 
tng 18 36 inch Iron Pi . · · 4 00 

pes, and 9 spectal castings for 550 00 
In addition to the ab 

yardsofstone suitabl r.ove, about forty·five hundred cubic 
' e or concrete, slope· lining and road·metal 

' 
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\'vere broken or screened from puddle h" 
b .J.. ' on w •ch th" 

unuced dollars have been advanced to th 111Nne 
N . e contract() 

count. o est1mate ha~ been made f<or th 1 r, on ae. 
e s ope-pa · pared, nor for sand delivered. Vlngp~ 

The work at the pumping-st.,<ttion, and on the r f 
· h · . me o fo~~:e. roams, as cons1sted mmnly of excavation foi' th ~ d . 

f h . e •ouu anon 
o t e engme house, to the level of the water-tab! . b 

. f d b e, I e con. 
struct10n o a san em ankment along the bank of tb ·. 
d. "d" h b fj h . emer, 1v1 m~ t e c anne! rom t e s~te .of the proposed filter-basin, 
excavation to a small extent w1thm that basin and for a toad 
leading around it; the construction of two brick culverts of 
five feet and one of four teet interior diameter, with granite 
heads and wing-walls; the formation of three sections of high 
embankment for the force-main line, from cut,s on the line and 
borrow-pits near, and the partial excavation of a roadway from 
the pipe line to the Pontiac road, and the construction of a 
highway bridge on the Pontiac road over the pipe line. 

In addition to the labor of laying out and caring forth~ 

work, the engineet;ng party stationed at Pettaconset has made 
surveys of most of the lands purchased o~ taken for wattr 
\vorks purposes, and laid out for and supenotend~ the con· 
Btruction of so much of the three dwelling-houses, betngereetoi 
for the employees, as bas thus far been exec\i~. . 

Of the sand used for mortar at the pumpmg station, l1ln 

enmples were found by measurement to have, the one fortyb·two 
' h h fort t ~o and one tent per 

end nve tenths per cent., t e ot er y· ~ d b filling& 
cent. of void spaces. The measurement waslma e ""~ring thl 

· b" f, t, and accurate Y me ... 
box containmg one cu lC oo ' . . dd•"tion toti.l 

. h b b ould contnm m a 
amount of water wblC t e ?x w about the samed~ 
sand. The sand. was filled mto the box e.t . the ordinal! 

·r uted for mortar m . tl 
gree of com pact ness as 1 mens til . t was half fUll 

1 filled . nto the box un 1 cd 
way. An~tber samp e, . 1 shovelful after that ramm 
nod then rammed, and baVlng each t .nine and two tenths 
as it was put in, was found to have twen y 

per cent. of void spaces. . te were found to bav~ 
Two samples of gravel used tn concre 
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. d .. tenths percent., the otl!er twenty· 
t entv-mne an SIX 

the one w • cent. of void space~<. 
>tJI'Cil nine tent.~ per d ravel from one of the test-pits had 

A sample of screene lg cent and a sample of screened 
· d two tent1s per ., ' . 

t}Jirty·mnc ~n . d tenths per cent. of voJd spaces. 
d I d th•rty·stx an seven J . 

san Jll • • . ci ht inches in diameter, wns sun { vertJ· 
A cast·t~n P•!~dl ~f one of the proposed filter-basins to the 

cally near tIC m• ~ e "eet below the present surface of the 
d tb f twenty ,our " d 

ep : about twenty-two feet below what we have assume 

~~~~: ~~~nnrr low-water stage of the rive~, and th_e bottom 
being open, the water is supposed to stMd tn the pipe at t}Je 
EJ~me level as in the surrounding groun~. A _float was placed 
on the water in the pipe, carrying a pomt which rose and ~ell 

•uge set to indicate the heiaht of the water above t1de upon a g.. 0 • 'd 
level. Another gauge, also indicating the hmght a~ove t1 e, 
is established at the river. The pipe is suuk at a pom~ about 
one hundred and fifty feet from the bank of the river. 

'l'hc observations upon these gauges at the present state of 
the river, varying from seven to eight and one-half or nine 
feet nbo1·e tide, indicate that the water in the lnnd rises and falls 
ll'ith the water in the river as that rises and falls by the vary­
ing quantity turned into it by the mills a hove, and that it even 
f.:els the check of the stream caused by the nooning at the mills, 
though the nearest of them are two or three miles up the river. 

When the river is carrying the least amount of water, as 
during the night or on Sunday, and running at about seven to 
seven and one-half feet above tide, the water in the pipe usu­
~lly st.Mds fi'Om ten to seven inches higher than the watCI· 
In the riv~r. This difference in height depends upon the 
length of t1me during which the river is running at a low stage, 
and eo_nsequently upon the time given for the surface of the 
water m the land to fall from its steeper inclination, caused bv 
11~_su~den fall in the river, towards the natural inelinatio~ 
)"' tel~ IS due to the :werage supply of water passing from the 
and Into the r· t · 1 
b . lver a Its ow stage. But any rise or fall in 

:b c fi\'Cr, even with this difference of elevation between it and 

lm~r'::~ of the w~ll iu t~1e basin, is felt at the well within 
our, cansmg a. nse or fall there. 
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In order to gain a. fair knowledge of what had been d b . . d . diili a opted y diff~I ent engmeers,_ no '" crcnt places, for the tbickn~ 
and weight of water ptpes, I gathered such formulro as c ld 
be conveniently obtained, and collated them in tabular f~~ 
and by profiles, and also compared by profiles the weights of 
water pipes of various sizes in actual use in many of the cities 
of the United States. 

The formulre used for the comparison of thicknesses as pro. 
posed or adopted by different engineers are as follQws:-

]. James B. Francis, 

2. J ohn Neville, 

3. M. Dupuis, 

4. John F. Ward, 

5. James P. Kirkwood, 

6. " " " 

t = .()()0058 H D + .0152 D + .312 

t = .0016 (n + 10) D + .32 

t = .0016 n D + .013 D + .32 

t = .0002 H D + .30 

t=5pr+.40 
c-p 

I 
.34 for 6 inch pi)Xl . 
. 33 " 8 " " 

5 r .32 " 12 " " 
t= -p-+ 28" 20 " " c-p . 

. 25 " 30 " " 

.24 " 36 " " 

40 for 6 ,{; 8 in. pipe. 7
• Modification of } I :s9 " 12 " " 

. ' 20" " ~onsul. ;'u~::~ t = 3. 4 n (.0016 D) + l .3837 :: 30 " •· 10rm o . 

11 11 gested by .Mr. .36 " 36 
Kirkwood, 

00025 H D + .39 J . F. D'.Aubuisson, modified, t = . 8. 

9. Wm. J. M. Rankine, 

10. " " " " 

- / 'T5 } the largest result t-v 48 

n D to be used. 
t = 111,000 
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II. Tho~. J. Wbitmnn, 

12. ThoJJIOS Box, 

E:S,'OlXEEl!'S JU;POP.1'. 

t :: .00!5 n D + .4 - .0011 D 

j D) liD 
t =: ( -ro+ .15 + 25,000 

17 

_ OOOOS4HD+ .50 " 12 to 30 " 
{ 

.37 for under 12 inch 

t - · .02 " 30 to 50 " 

H. rrovoscd, for diam~ters } t :: .00008 n D.+ .0125 D + .33 
grc.,ter than 36 mches, 

1.;. Adopted, for Providence } t = .00008 R D + .01 D + .36 
Water Works, 

l == thickness in inches. 
n == bend iu feet. 
D ==diameter in inches. 
u == number of atmospheres of pressure at 33 feet each· 
p:: pressure per square inch in pounds. 
r ==radius of pipe in inches. . 
c == cohe~ion of the iron, as allowed, being in No. 5 7 ,500, and In 

No. G ii,OOO, pounds. 

The third formula, adopted in his practice by M. Dupuis, 
engineer of the Paris Water Works, is in the form given by 
Mr. Ne,@e in his "Hydraulic Tables," etc. 

Mr. Ward would, in no case, take Hat less than 100. 
The e,lpventb, twelfth and thirteenth formulre are found in 

a little 'took 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 formulre for their 
expression. 

3 
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The weights of pipes compared were th 
lows · ' ose adop•-~ ~ ~u~ 

By 

" 
" 

" 
" .. 

Baltimore, 
Boston, 
Brooklyn, 
Cambridge, 
Chelsea, 
Chicago, 
Newark, 

BY New Bedford 
" New York ' 
" Philadelphia 
"T I renton, 
" San Francisco 
" St. Louis, ' 
" Warren Foundry, Stock. 

I trust that the result of these examinations and co · 
d . mpansoll!, 

as expresse. m formul~ Nos. 14 and 15, will prove to be per. 
~ectly safe m our practice, and that we have not used more 
uon than ought properly 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 0~ 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 lb. 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 contr3ct 
is allowed to exceed the standard weight two per cent. for 
each diameter. The weights of the several pipes are mnrked 
on them at the foundry, but they are re·weighed for ~ymen~ 
on receipt at the wharf in Providence. . 

The following schedule gives the thickness and we1ght for 
each class of each diameter and the greatest proposed hydro· 
static head under which the pipes are to be used: 



SCllED ULE. 

-
Nominal 

Thickness ' Standard I Greatest 

Diameter, Clas.~. of Metal, Weight, • Proposed 

Inches. Inches. Pounds. Head. 

6 B ! 402 180 

s A ~ 533 100 

8 B /s 590 180 

10 A F 700 100 

10 B H 772 180 

12 A n 885 100 
'16 

12 B u 1,016 180 

14 A H 1,082 100 

14 B H 1,236 180 

16 A H 1,375 100 

16 B f 1,533 180 

18 A . .ll 
16 1,594 100 

18 B 26 1,789 32 180 

20 A !~ 1,852 100 

20 B ii 2,143 180 
24 A u 2,502 100 
24 B ~g 2,850 180 
30 a u 3,155 60 
30 A H 3,484 100 
30 b 1 3,809 
30 B 1t\ 

140 
4,026 180 

36 a i 4,101 60 
36 A 1 4,627 
36 b It 

100 

36 B It 
5,148 140 
5,667 180 
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The diameters are nominal but n . 
have l~ss interior diameter th~n thato ptp~ or special castin'"' 
the t~lckest pipe approximates closctp:clfied a~ nolllinal,a:d 
extenor diameters of all class J _o that diameter. 'I"L 

. ' es, or thickn 'ue 
reqmred to be the same fore h . esses, of pipes art 
h . . . ac spec1fied n · al . 

t e YanatJOns 1D thickness of metal b . omm dl3me'~r 
in the interior diameter. emg made by chan~ 

The exterior diameters of the pipes and th 
bells, being the Same for every ClaSS I the ' e whole Of the 
la in · f · ' re 18 no trouble in 

y g plpcs o one thtckness in connection w"th b 
another thickness. 

1 
t ose of 

The d_cpths of the bells are in proportion to the diameters 
~f the ptpcs, from two_inch~s f?:r the six-inch pipes, to four 
mr.b_cs for those of thu·_ty·stx mches diameter. The special 
castmgs havo bells one mch deeper than is due to the diame· 
ters of the pipes to which they belong. 

All the pipes are cast vertically. The specifications require~ 
that they shall be cast with the bell end down, but as the fix· 
tures for small pipes were not fitted for it I allowed one foun· 
dry, on condition that a separate core be made for the bell, w 
make pipes of twelve inches diameter and less with that end 
up, resulting thus far in quite perfect and handsome casting; 
with UO\'arying <1epth of socket The plan of using a sepa· 
rate core is liked very much at the foundry, where it will prob­
ably be adopted for small pipes in their general ~ork. 

After beina coated with coal-pitch varnish while hot, the 
pipes are subjected to hammer inspection while unde~ a hydN­
static pressure of three hundred pounds to a squ~re 1nch.be 

The tensile strain of the iron used was requiT~d ~ bll 
· b wh1ch 1srat c 

least sixteen thousand pounds per square me • bd 
d f: I know · but we 

less than that usually specific • so ar_as h. h' uld unl 
· · e mens w 1c wo 

at fi r;;t some trouble m getting sp CI d 1 pipes arc o( 

formly bear this strain, though as now ma e tflethe resulting 
. 1 on account o 

rather stronger 1ron t 1au we care, 

Cbange in brittleness, to have used. b ·oke~ and the 
' I b e been I ' 
Some three J.undrcd samp es av . hteen tbous.~nd 

b . from about eJg 
ordinai"Y range of strengt IS d to a square inch. 
to auout twenty-eight j,}JOusand poun s 
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. ions for the manufacture of pipes, on which the 
The ~pcctficn~id were carefully drawn, and required g~od 

jron·founders , I . t I as been made in rcrrard to the stnct· 
. Much comp :un t, o . h 

ptJlC· • tr adherence to the specifications, but no ptpes av_e 
ne>-< of _ot ted which were believed to be safe for our use, and tt 
been re;;cthat our adherence to the requirements of t?e con-
1~ bop t d to improve the character of all the ptpes we 
tracts may en 

~eil'e. · · d t ll f es 
The ri;:bt of rE'jection for imperfe~ttOns IS goo a a tm 

until the final completion an<l adJustment of the contract. 

Much lahor has been spent upon the pl~ns for the _location 
of the pipes, and the determination of thCir proper stzes.. It 
bas been our ellort to so arrange the distribution as to dehver 
the water at its destination by the shortest practicable route, 
nnd 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 
otl' temporarily by accident or otherwise. 

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

As a guide in the determination of the most economical 
~izes for pipes, to cany certain quantities of water, I caused 
calculations to bo made of the relative cost of pumping the 
1~ater to an additional head necessary to carry n certain quan· 
~tty of water through a small sized pipe, and tho cost of an 
tocreased size of pipe necessary to co~vey it at a less velocity, 
anrl coo~equently with less head. These calculations were 
ha.;.ed on an assumed uniform duty of 500,000 foot pounds 
J•:r pound of coal, and a cost of nine dollars per short ton of 
~'1 

burnt in the furnace. The cost of iron pipe is taken at 
fty dolla_rs per ton. The difference in cost of layina will 

not matermlly allect the question. '£be loss of head ;esult· 
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ing from gr~ter velocity is calculated . 
for new cast non pipes. from Darcy's fol'llu' 

The result is as follows:- ~t 
Diameters of Pipes. 

6 inches Greatest allolvable vel . 
2.526 ~ OC:iiJ. 

8 " 
10 " 
12 " 
16 " 
20 " 
24: " 
30 " 

eet per sec. 
2.405 " " 
2.583 " 
2.904 " 
2.929 " 
2.990 " " 
3.224 " 
3.488 " " 

The 30 inch pipe is compared with a 36 incb. If the d~ 
mand. for wat~r a~ a given point is such as to require a greater 
veloe1ty than. IS g1~en opposite a certain sized pipe, then the 
next larger s1zed p1pe should be used in that place. 

As the velocities given are the greatest allowable for tlu• 
size of pipe, and as the loss of head is based on experimellt• 
upon new pipes, free from rust and accretions, which will in· 
crease the loss of head, I have assumed two feet per seccGd 
as a general guide for the velocity of flolV in the distributioa, 
and the sizes of the pipes have been determined accordingly. 
Perhaps a greater velocity might have been allowed in llle 
larger pipes, but as the influence of those pipes extends or!! 
a greater area, and I understand it to be your wish to bnveall 
decisions lean towards a thorough efficiency in the work, 

11 

was thought best to adopt a uniform rate. This will also, bJ 
increasing the sizes of the larger mains, have a tendency 
to delay the increase in their number, which increase milt­

however, come at a later time. 

The contract for laying pipes required tba~ 
1,800 feet of So inch fore~ roam,. and 

27 150 feet of SO inch leadmg m~o, 
' d' roam 

3 000 feet of 24 inch lea mg 'be I·"'· bel ' d f Decem r ...,, ' 
be completed on or before tho first ay o . t of pipe! in~ 

th the non-recetp 
numerous causes, among em 
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order required, have tended to interfere with the work, and 
itclo;ed on the 30th of December, with the following amounts 

laid:-

FORCE MAIN, 36 INCH PIPE. 

From Station 21.26 to Station 38.004. 
29 pipes of class B, 
81 " " " b, 
10 " " II A, 

18 " " " a, 

138 pipes. Total, 

Al'crage per pipe, 12.153 feet.. 

352.42 feet. 
984.37 " 
121.53 " 
218.74 " 

1,677.06 feet laid. 

LEADING MAIN, 30 INCH PIPE. 

From ~tation 3.582 to Station 27.50. 
37 ptpes of class a, . . • 
40 II " " A, . 

117 II II Cl b 
I 

3 II " II B, . 

197 pipes. Total, 

Average per pipe, 12.157 feet. 

From Statio 39 89 
159 

. n · to Station 91.38. 
ptpesof class B • 

264 II H u bl . 
I . 

423 pipes. Total, 
Average per . ptpe, 12.173 feet. 

449.81 feet 
486.28 " 

1,422.37 " 
86.47 " 

2,894.93 feet laid. 

l,l:l35. 70 feet 
3,213.56 " 

5,149.26 feet laid. 
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From ~tation 108.09 to Station 123 
118 p1pes of class b · , 

1,435.42 feet. 
48.65 

4 " " " B , 
122 pipes. 

Add for two branches , 

Total, 
Average per pipe, 12.164 feet. 

-1,484.07 II 

7.00 

1,491.07 feet laid. 

From Station 145.96 to Station 15-!.88 
69 pipes of class b, . . . · 
4 " " " B, 

73 pipes. 
Add for one branch, 

Total, 

Average per pipe, 12.173 feet. 

Total length of Leading Main laid, 

SUMMARY. 

Total number of pipes laid, 

Total length ofpipe laid, 
" " " branches, 

839.96 feet 
48.69 " 

888.65 II 

3.67 

892.32 feet laid. 

9,927.58 feet. 

953 

11,593.97 feeL 
10.67 II 

Total length of pipes and branches, - 11,604.64 feet laid. 
Force main, 1,677.06 ft. 36" pipe= 0.3176 miles. 
Leading " 9,927.58 " 30" pip-e== 1.8802 

11 -
Total, · 11,604.64 " 

2.1978 miles. 

The stationing is measured horizontally. 
. urred in lap:i 

Notwithstanding the delays wh10h have occ ballrt . . sed that we s 
the pipes during the past year 1t lS suppo in amrJ! 
cei ve all that are proposed to be laid next season 
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1 · I' ur .,.anus of 
1 tltat bv <'lDP O\ mg o o o I urpo<c anu ' • . f " t unJC ll•r t to.! p - .b bl to put in by the first o .n.ugus ' 

. larcrs wo shall e a e '. 
ptpc · · contracted to be l:ud. 
all that arc uow I . . topped for the present, the work 

'fhough dHl pipe· aymghts s the force main and on the 
· lor llillo trenc es, on 

of bla~tmg . . . 1 it is hoped that both these 
I tl' nt·lin IS sttll gomg on, ant . 
ea mg . , ·' 'th the reservoir during the wtUter. 

line:< may be conuecteu WI 

\bout rhirtr·thrt!e th<lUsand cubic; yanl,; of e:u·th have b~en 
' I' ~ -' ,, for the Liahwav on the line of leading 

rernoH~ Ill gr.tum., "' " . 'I d 
n between the Re:;ervoir and the Stomngton Rat roa . 

m:bout ci"ht thousand feet B .. lL of sheet piling have been 

I . \.~lilt two hundred cubic varus of rubble and about 
, m·cn. ' "' J • b 
:;tx cubic yards of g1·anite ashlar ha,•e been latd for the a ut· 
ml•nts of a bridge over the Pochassetrivcr. Tllcsc abutments 
were, by contract, to ha\'e been completed on tho first day. of 
~uvcmbcr. About one fifth of the masonry is yet to be la1d. 
'l'he other matcri:\ls, excepting two wrought iron gi1·ders, are 
rc:~dv for the completion of an iron bridge as soon as the abut· 

mrnis arc fi nisheu. 

rery c.1rcful and elaborate investigations have been made 
in fl.>gard to pumping engines, and considerable progress has 
bt:co attained in the plans for them. A mistake in this matter 
mi~:bt be.• di~astrou!', and any gain in etlicicncy or simplicity, 
without loss in other respect::, would be very valuable and well 
worth great cllorts to obta.in. We shall gain time for 
thorough anu complete designs, by putting up a temporary en· 
?iuc fl)r the first supply of the city. Such an cugine is now 
~~ pro:ess of construction by Mr. lleury R Worthington, of 
New York, under contract for its completion in l'Unnina order 
on the lir:;t of next August Your conclusion to put ~p this 
~~mporary engine has, I think, made the introduction of water 
~nto the city ~uring this year very probable, and has relieved 
'of m:1ny dtsadvantages which woulu attend the construction 

of_ JlCb. rrnanent engines, with adeq ualc wells and foundations 
1111 In :;o short a time. ' 
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Desig ns have been made in our ffi r. 
to be used in the distribution a~cl ~~l ~~thev~lres,org~~ 
me~s of eight inch and twenty· fou r inch . e mams, and~ 
Mal~ street are in pt·occss of constructio:~zes for usc in North 
. B!ds ~ave been received from three com ete 
mg partles for making the whole number ~e n.t manufactur. 
are expected from two others within a r. d qulred, and b~~~ 
th h ew ays. It I her at sue data as you will require . I s ler~ 
h . , 10 O!Y er to cont ' 

t ese tmport.'lnt parts of the work can b fu . h ~ct M 
b . • e rms ed ll1tb" 

s .ort tune and in good Reason for their completion be~ In& 
Will be needed. oretheJ 

The valve is desig ned to be pamllel.faced with. · 1 d., 
h. h .1' d , "~mge"' 

w 1c WI • rop below the pipe for all sizes more thn 
1 

1 • · ) · d. n were 
me 1es m 1ameter, and rise above it for those of twelre incbt, 
and under. In these respects the valve is not new. 

We have also made designs for the construction of a hr· 
drant, which it is hoped will combine many of the advnn~·~, 
and be free from some of the disadvantages, of the byd;nt: 
uow in use. 

Its location will be on the sidewalk, just inside the curO. 
stone, and it will be supplied with water through a branch lol 

tbe street main, eight inches in diameter, forming a portion or 
• r 

the body of the hydrant. No part of the permanentporbooo: 
it will be above the surface of the sidewalk, to make an ob­
struction there but for usc a movable head, or chuck. one or 

I I ' . I ~ 
which will be carried by each l1ose-company and one w1t 1 c~c 

engine will be attached to it, making in effect a post·hydra~\ 
' . · f 1 · < ·linesofhose" 11~ for the t1me bemg, capable o supp ymg 10UI 

separate uates for shutting off· each at pleasure. . 
1 

snol 
One of these hydrants is now nearly completed for tnn ',;;t!f 

d . ·a r so thatanv u~ . it will be thoroughly teste m every"·)'.~ 
1
• rf<'CI J.-

b d . ·d to bnve Jt as nenr y pe changes may e rna e m 01 er · 

11ossible before being adopterl on the work. , t ba1·e bl<!1 
r .t manutac ure 

Many of the tools neccssar.1' ,or 1 8 ' r the fill'tont . . a· sable even .or 
made, as they were almost m is pen. one who is suL'(\"" 
and will be worth their entire cost to any 
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t t to furnish the works with . for the con rae I {' 
f I in compctmg think best to cal tor. 
s~cb number of hydrants :~~~e ~;~e<;ted to bid for the wor~, 

Some, at Jea~t,. ~f tho~e k' II that will be required, ID 
bave ample fltCiht•es fm rna mg a 
good sca~on for usc. . . . 

. •· " he under ound examinatiOns m the. basm 
While makmo t . f d peculiar material lymg at · tatwn we toun a 

at t~~ p:;;~; ~~low 'the surface in a large bed on the ~est-
;;~:: :~je of our proposed excavation. On being poured ro~ 
b. b ckct in which the material was brought up, the wate , 
~:in~ "'ith it, carried upon its surface \;hat. seemed to be au 
oilr substance, with quite bright and :•ancgated colors. The 
material is formed of very fine part•cles, nearly b~ack, and 
when dry it is compact and impervious, but on ~emg_ acted 
upon ancl diluted by water it _nms somewhat hke_ oil, and 
when the eight-inch pipe used m smlong the ~rt.cstan we~ls 
was left over night in it, the surface of the mat.enal_ would, 1~ 
the morning, be found several feet higher in the ptpe than tt 
was the night before. 

Though its depth below the surfitcc, and its position in 
reference to our proposed excavation, is such as to give us no 
great fear of trouble from it, yet it may be that water flowing 
orcr 1ts surface will afterwards reach the basin and mingle 
with the waters supplied to the city. In view of this possi­
bility, I sent to Professor Appleton two samples of the mate­
rial, and one sample of a mixture of the material with water, 
as drawn from one of the wells which was sunk into'it, with 
the request that he would ascertain whether any injurious 
matters were contained in, or accompanied, the specimens. He 
found no r~ason to think that any hat·m could come to the 
water from a mixture of this material, e\•en if that should 
take place to a much greater extent than seems possible, anrl. 
t~e. fact that neigl1boring wells are sunk in it, and have their 
v151~1e supply of water held entirely in the material, without 
~usmg ~ny trou~lc, ex?ept that the water is hard and slight­
y brackish, sustaJDs thts view. 
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I have appended Professor Appleton' . 
gard to this subject. s wntten report In~ 

Examinations are now beincr made b p r 
t . h o y ro,e.c:sor A. I o ascertam t e action of the Pawtuxct , t . . PP elir 
f . d .va Cl on various k' ' o P1Pes use , or proposed to be used for ser · . ·1n"-1 

b · d . • v1ce pipes. Tb~ 
emg one m accordance with your vote auth . . 11 

e . ts b d ommg "I xpertmen to e ma e on the Pawtuxet water d ' 
supplied to other cities. ' an °0 wa~o: 

It is proposed, also, to send a sample of the water to Pro. 
fessor Chandler, of New York, whose experience in such lllll­
ters is well known, with the request that he will make~ch 
tests as he thinks may be useful, in regard to its action 

08 pipes. 

It is understood to be your wish that great care be exer· 
cised in gaining a knowledge of every essential element to a 
right decision in regard to the kind of service pipes to be 
used on these works, as the question is a very important on~. 
and should be decided independently for every separnte n~r 
supply, on account of the great difference which is kno\\1llil 
exist between different waters in their action on metal;;. 

Your quarterly reports have given information in regard."' 
the en!rineers whom vou have appointed as assistants on 1 t 

work. 
0 

I think the city is fortunate in obtaining such good;,>!· 
vice as has generally been rendered by them, upon which >l 

much of the success and good character of the work depend.~ 

I am yom· obedient servant, 

J. HERBERT SHEDD, 
Chief Engin«r. 



BROWN UNIVERSITY LARORATO!lY,} 
PnovroENC£, Jan. 28, 1870. 

r Jlr nur.nT SuEnD, Esq., 
· · if TfTat~· Wo1·ks Cltitf EnyinCCI' 0 " o• • • 

"T v 30th l~fi!l two ~am plea of soil I ·,·ctl from you ~,o · ' ' t' 1 Dr. \R SIR:- recc• . . , They were m:u·kcd res pee • vc y 
11 'or chemical cxanuuallon. !lrf':'lr I li 

\and B. 
• '.1mplc A. . 

Contained of motsture, 

of mntt<·r soluhle in water, •. • 

{ 
solnbla organic nn•l volahlc, 

m:ulr np of soluble mineral m:1tters, • 

S.1mplc n. . 
Contained of m01sture, 

u 2.~ per ccn1. 

1- ,, 
. " 
IU' '' '"'' .0!1 ,, 

li.OO per cent. 

of mnttcr soluble in water, • • ·2il " " 
'1 tt H' " " 

{ 
soluble organic and volab e mn er, · ' 

mA<lc up of soluble mineral '' ·~1 " " • 

A• the most importnnt point with respect to these so• Is was the actton 
0 w~tcr upon them, the thing to be determined was the amount.of 
•oluble matter in them, that is, the amount of matter th:1t would be dts· 
•olfcd b\' the action of water. 

It will·b~ seen from the statement above, thnt in ~ach eMe this amount 
wa, extremely smnll-so small as in my opinion to giYe no ground tor 
fl"IT Of COntmuinntion Of Water frOm !hiS SOUrCe. 

These soils were further examined by aid of the microscope. Ry 
this means thQy appeared to consist of two parts:-

1. A line pnrt, of no characteristic appearance. 
2. A conrso pnrt, which ~eemed to consist of quart?. and fragments of 

coal. 

Dec. l~th, lllflH, I received li·om you a snmple of water for analysi~. 
It WaJS from the "-'me neighborhood as the soil above mentioned anti 
lf:l$ VPry turbid from the presence of a large> amount of mineral matter. 

Tbe tot.'! nmount ofmalters, suspended and dis~olvcd, wns about 393 
Zla•ns per •\m~rican gallon, but of this large amount only 11 grains 
c:.meuod~r the head of organic and volatile mntterR. l~urthcr these lnt-ter rnatertals . . . ' 

. ' , llllOn •gmhon, evolved no flame, xhowing nbsence of any 
apiJrcctablc amount of oily matter. • 



ao 
<'lTY 0 1-' l'ROVIDENCE. 

A portion of the water was carefully filtered, and the filtra 
evaporated for the purpo$e of determining the amount of ~ '• 
solved, as compared witb thoso merely suspended. Olalttrs(j. 

The results were, 

Total matters, ~gr. toam.
8111 d f { organic and volatile - 1.2 .. 

rna e up 
0 

mineral, - - 15.4 '' 

But these results are a little too high because of the extremediJ!o. 
of making the water perfectly clt>ar: nevertheless they are si~JE(;· =, 
accurate for the purpose. 

Yours, respectfully, 

JOliN II. APPLETOY, 

l'rojusor of Clumilt'J. 
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