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WATER SUPPLY.

“civil Engineering is the art of directing the great sources of
power in Nature, to the use and convenience of Man."

Water is one of the great sourcem-of power in Nature, ahi to
direct it to the use ani econvenience of Man is one of the duties
of the Civil Engineer. It soes without saving that water is a
necessity, It is as indispensable in the human economy, as the
very air we breathe, and without it the fertile land becomes a
desert waste. The question of an abundant supply of pure
water for cities and towns is one of already great and increasing
interest to the engineer. It awakens in hig mind the vast possi-
pilities that will éurely follow its iﬁtroiuction to a community,
hitherto but partially supplied.

‘To the aesthetic mind come visions of public fourtains and
pleasing landscapes, to the sanitarién, eleaner streeis, cleaner
people.  The cold practical man weighs the cost and counts the
advantages. The faet that a public water supply will save iollars

to him; in insurance, manufacturing, or irrigation, is a stronger

arcument for its introduetion than the knowledge that a hundred
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school-childrer obtain their drinking water from a pollutel well.
The ruing of the great Roman aqueduets, built on such a magnifi-
cent scale)a£test the early appreciation for thic element of
_ reﬁlnement and prosperity. The veneration bestowed by the
Egybtians on the Nile, +the fierce struggles of Assyrians and Per-
sians, for ihe possession of isolated wells,. the great hyiraulie
works, found by cOrteé in Mexico, 400 years ago, all these show
the early recognition of the great'im?ortance of an abundant
water supply, in promoting eivilization.
.Thg question of the manner of obtaining water is settled for
each locality by its environment.
'Probably few parts of the world are so favored in regard to rain
fall and topogSrephy as NeT-anlari With a rzin-fall of fr@§ 25
to 60 inches a year, with a large number of natural storage

reservoirs, in the shape of ponds and lakes, having neither sandy

Yoalil

Jwhere the percolation and evaporation equal the rain-fall, nor

preciritous mountains from whieh the rain wouldi all escap in

bl
torrents,- the sources of supply are sbundant; and it is the numer-
ous possible sources that seem available, that render: so provlem-
atical the‘choice,of the best. , Nevertheless, in some partsz of
Massachusetts, the growing population and the inereasing difficulty

of disposing of sewage, is rapidly diminishing the available

surface suppnlies. Thus given many possible sources of suprly,



@here gre three elements to be considered for each source,-viz:-
quaﬁtity, quality, and cost.

First,-No gystem is justifiaple for whieh the supply is not both
abundant and permanent..

Second,-No system is aceeptaple for whieh the supply is not both
pure,and free from the probability of future contamination.

1sfactory that does not repay the invest-
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ment. Cost might be placed before gquantity anld quality, for where

the estimated cost of a system,exceeds the limits of the town

purse. there is no further need to examine quantity.ani quality.
The object of this thesis has been to examine the possiple
sourees of supply, for the town of Walrole, and to mske a plan,
and estimate the cost of iﬁtroducing & supply into the center
viikage. | & plaﬁ of the towﬁ was traced from a map on file, in
the offiece of the State Board of Health. Lines of levels were run
and benches establisﬁei, in all the streets of the center village;
and from these were conloured the part:s shown, on the accompanying
plan. lgvels were taken at all street intersections, and at all
changes of grede, and from these the conteurs erocging the streets,
were interpolated irn the drawing-room; while between streets,they
were sketehed iﬂ?%he field.
A femiliarity with the topography of the town, was thus aequired,

as could be done in no other way. The part of the town under
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eonsiderstion, has seven miles of streets, 260 dwellings, & half
. dozen thriving Manufactories, and is a growing place of 1500 in-
habitants. A map of the town, showing three streams confluent at
the cenfer village, suggested that thelr sources wouli'affori the
supply‘sought. A reconndgissance bf the towm,and an exami

the three sireams- Neponset River, Mil!

B~

3rook, and Diamond Brook,
yielded these facts:- Neponset Reservoir,the source of Neponset

River, lies in Foxboro, drains four sq. miles, and has an ar

<D

a 0
400 aeres. Mill Brook,on the course of whieh lies Morey’s Pond,
drains 11 sq. miles, and the pond covers twenty-three aerec.
Diamond Brook contributes to Clarke’s Pond the drainace o.f two
8g. miles, and the pond itself covers eight acres,
The areas of the ponds and reservoir were given by the owners,

and the 1ra1n@;e areas were taken by planimeter, from the new State

map . Before proceeding to e€liminate from consideration, any oneé
of these three possible spurees of supply,from surfaece water, ‘the

quantity required must be deecided up

QUANTITY.
Hoﬁ'much water will a given population consume? The usual mode of
estimating,is by the gallon per capita, A tapble compiled in 1877,
gives the average comsumption,of twentv- ne Ameriecan cities,sixty-

five gallons, of twenty-one Foreign cities, twenty-five gallons.
bl A 3
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‘The following table, compiled by Croes, in 1884, gives the average
deily consumption of 178 Americen cities.

49 Cities, POPJlathQ 10000~-15000, consume 768 gallens.

BBl 8 l500u-°0uL0, d 69 ‘
17 " " 20000-25000, i 71 i
41 - [ 25000-50000, 3 86 .
X 3 . 50000-75000, - i 80 8 i
a y ? 75000-100000, T 95 i ;
15 . | 100000-250000, . 102 .
4 3 ; 2500&0-500000, : 89 :
4_— It ] - OD\ ) 'r} ln\_‘ ov er : i :’3 i

1386.
Chiecago, ) average daily consumption 118 gal.
gt Louis, ! : g y (0 B
New Yorlk, ' ' i 65 °
Boston, k “ . 79 *®
Washington, " “ . 150
Seattle. . “ i y o8 "
Astoria, i " “ St SO
Akron, : . : ” 50 *
Tagunton; Pop. 20700, ! : 2 ar,.
Newton, : 22000, ; i “ 38 "
N.Bedford * 34000, . “ ” 106 "
Fitehburg, * 16740, ! ; s e

Qur method of living leads to enormous waste.. Elﬁninate all use-
less waste and ebuse of privilege and thirty gallons a day is
shown by reference ample for all ordinary supply, (except for Manu-
facturing.)

Walpole’s present’populatioﬁ is 2600, ani its estimated population,
for 1910, is 3250. = Should the introduetion of water supply

acecelerate the growth of the town, say to 20 per cent,inerease in
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‘ten years, the popﬁlation i; 1910, twenty years hence, “would be
3600. 0Of the present ropulation,asbout one half live in the center
village, and this i; the only rortion of the town, considerei in
the présenf thesis.

Taking 2000 as the maximum number to be suppliec tfert" vea
henee, and allowing fifty gallons to eaech person, we arrive at a
quantity of 100000 gallons a day, as the average amount to be ob-
tained throughout the year.

The most careful investigations of rain-fall, evaporation, and
L]

~

percolation, have shown that for Eastern Massachuseits, it is safe
. to agsume that thirty inches of rain will fall in the dryesi Year,
and that one-third of that amount is collectabl
Then the drainage area must be large enough, so that one-third
of thirty inches, on that area will yield 1056@0 gallons a day,

or 36500000 gallons a vear,

/0 . Jevowy x T6EI
/2 T 75

/4': L7 e, enles

A x #3560 ~

Prom this it is seen that our.drainage areas are ample in each
ease, andl in the eomparison of the three sources, quantiiy need

not be considered.



QUALITY.

To determine the question of qualitv eleven samples of the
‘Walpcle water: were collected, and by the kindness of Mrs Fllen H.
Riechards, & complete chemical analysis of the same is presented
ﬁerewith. Mr Gery f. Calkins also furnished a report of a biolo-

gical exemination, of one sample from Neponset Reservoir.

These reports are given com?léte in the appendix.
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A study of these analyses shows the surface water:s of Nepo
Reservoir,- that from Kbrey’s and Clarke’s Ponds,and from the

9]

pond at South Walpole, quite suitaple for drinking

did,

The ehlorine in the three sources considered is apbout normal,

as

1

shown by the map recently published by the State Board of Health,
In herdness thev do not differ appreciaply. In color Neponset

Reservoir and Clarke’s Pond are .35 while lMorey’s Pond is 1.7

In color, Clarke’s Pond and Neponset Reservoir agree guite nearly

with Cochituate water.

The two sources mérey’: Pond 'and Clarke’s Pond, having so many

features in common, it seems best to decide before going fariher,

which of the two is the more available. Situated about equally

near the center of the town, and of nearly egqual elevation, the

cost of pumping from either would be the sanme.

The price set upon the water #ighs of Morey’s Pond 1s $1500 a



year, The price fixed by Mr Clarke for the entire ownership,
of Clarke’s Pond is $5000. equivalent to $300 a year; a saving
. of 31200 & year in favor of Clarke’s Fond. Add to this the more
favoraple analysis of Clarke’s Pond in colof} gl it se ﬁs best
Yo omit Morev’s Pond from further digeussion.

A more careful cdmfarison of Neronset Reservoir supply and that
from Clarke’s Pond, is neccés rvy. on aceount of thelr widely dif-

ferent situations. Their elose agreement in quality makes a choice
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The elevation of Neponset Reservoir as given by the State map is
270 feet above mean ses level, and will afford & supply by gravity.

A supply by gravity is maintained with less trouble, care and

eost, than a supply furnished by pumping. The law of gravitation
works continuously and uniformly, without the labor or thought of
Man. When we work égainat the law of gravitation, 23 in the case
of pumping a water supply, the machinery performs its duty prop-
erly,only by eonstant care and unremitting,intelligent iirection;
and at continued cost,- two matters that can not be avoided, in

the running of pumping machinery.
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HEAD.

The head under whiech a suprply can be useld has two important bear-

N

ings, one &s affects its usefulness when taken directly from
hydranis, as & proteéctior against fire, and the other that which

», for domesiic service,

domestic serviee has only a

limited value for fire serviee. A head of 90 to 100 feet equivalent
g 40 to 45 pounds pressure per sq. in. ic considerel a good
pressure, and on this bagis this system 1s designed.
A difference in 'rtﬁcTT; o 40 feet Tfor differeri pariz of the
town will make this rrecsure . very vetwesr wide limids: put for the
arger part ef the town, whieh i3 situsted below the 100 feel ' com=

sour, and gbove thie 140 foot -contonr. the pressureswill be guite
e e . P R, g ey ok S CRERRL o F fowd Ay OMAY sl LS
uniiorm. The elevatiion of Neponse’, Reservoir is 270 feet, the

F’ ~+ - 2N Loe § e - oy 8 e = ! - ~ 8 % $ o & S 3= P, L 2
ele“ﬁrcﬂ 'J-I‘-.(_).j_ ;:Jl\-f Uil .!,_.__- s .3 -“.’.'__._ Gl Pen VAT 00 0 = ) HIa..L;.-. Ij Lﬂdl, 41 J..A.-.\) 1y L0 s

IEomNg L 2 _ N v eah ot Gl o O ey e oyl e o
bhe Town Llall 4s 187 feel, givine a statiec head of 115 fest

The distanee i3 20000 feet anl {there wonld be corresponding to

o

PRI 100 gallons & day as the average consumption this

{
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fQtals 70 Bellons per minute, The maximu. draught iz teken at fwice
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per minute gives a total maxir draught 440 gallons pe inute
%e/m/ Q — ‘?7(3 C',/.—f’.u"". = E = ﬂu{’; 1.2 45
A 7Y
1245 , 5
€ < o+ 'gftr?~ Tey = [ 78 ff Fou /z”/ﬁfﬁt.
The wmelgeity vgries inveraely ga the area of eross seetio:

hence inversely as the square of diameter; therefore the friction

loss varies inversely as the cube of diameter, and the friection
loss for a ten inch. pipe would ve /472 xﬂfjj =, Jd.2 F<

A loss of 19 feet leaves 113-19 equals 94 feet available head by

using 12 inch pipe. Using therefore 10 inch¢ pipe the head would

be 113-33 equals 80 feet, corresponding to a pressure at Town Hall
f only 35 pounds per sq. in.

The cost of 12 in. pipe as given by the City Engineer of Boston,
is $1.85 per fo;tfleor 20000 linear feet the cost is $37000.

The cost of gate-house, gates, screens, and other appurtienances,
at entrance to Main is estimated at $2000.

The value of the water rights is a difficult matter to settle,
and is a question on which hardly any two would agree; but from
the followihg figures the estimated value is $35000.

Morey’s Pond and water power, having a head of 12 feet (approx.)

and a quantity equal to the drainage of 10 square miles is valued

at $25000 215_0002' Le JZ N/ fi €1 .57% 777 I’Zt per Lot f(l ZZ.
i /0 x / /
M b = SO0 ¢ e : 9 ) B, W "
K_A’/&? /'z)r—r, f pats ol . 2,j o y

2 x /0
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On this basis the Manufacturing value of Neponset Reservoir can

be fairly estimated. There are four developed water powers,

between Neponset Reservoir and Walpole, having a total head of

40 feet.(approx.)4 sq.m x 40 ft.fall x $200-$250 is $32000-$40000.

say $36000.

Neronset Reservoir Supply. (By Gravity.)

COST.
Water Right:--
Gate House etec. -

20000 ft. 12 in. pipe---

Clarke’s Pond. (Pumping.)
COST. .
Water Right:--
Boiler & Pumping Mechinery:--
Engine House:--
Stand Pipe and Foundations:--
2 acres at $70. for Stand Pipe:--
4725 ft. 10 in. pipe at $1.60 laid:-
Contingenees.
Total.---
By each system the water is delivered at intersection of

Stone and Main Streets.

$36000.
2000.

37000.
$75000.

$5000.
4500.
2000.
3000.

140.
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Assuming that the cost of maintenance of the 20000 feet of 12in.
pipe will equal the repairs on pumping machinery, and maintenance
of 4700 feet of 10 in. pipe, we have a supply delivered by gravity
from Neponset Reservoir for $75000. and & supply to be pumped

from Clarke’s Pond for $25000.

The cost of pumping 100000 gallons & day against a head of 100
feet will be $1000. a year, which capitalized at & per cent equals
$20000. making the total cost delivered by pumping $45000. as
against $75000. delivered by gravity,- a difference of $30000. in

a
favor of supply by pumping from Clarke’s Pond.
STAND PIPE.

A suiteble site for a stand pipe is found on the land belonging
to Jos. Ellis, near the intersectien of Common and Clapp Streets.
The land is valued at $70. an aecre, is distant léOO feet from the
proposed pumping station. Elevaéion of hill 224 feet.

On account of the deep railroad cut, across Common Street, it is
proposed to carry the 10 in. main dewn Clapp St.to Stone St. and

down Stone St. to Main St.



The following table gives the -

: Streets.
Stand pipe to Stone St.
Stone
Common,
Main, west from Front,
Spring,
West to Spring,
West from Spring to end,
Lewis Ave.
Neponset,
Private way,
] i
South,
Diemond,
East, south of Diamond,
Main, from Stone to Kendall,
Main, from Kendall to Gillis,
East, Diamond to School,
3 ®*  Sehool to Station,
School,
Cross,
Morton,
Kendall,
Gillis,
North,
Cemetery,
Station,
Lane,

Length.

975
2700
2780
3000
2530
1200
1890

450

450

225

450
2450
1940
1090
2550
2480

500

900
1500

700

675

400

800
1050

800

900

640

Total- 35715

Cost of Distribution.

16020 ft. 8 in. pipe laid

12905 3 6. *
3565 ¥ 4 " 5

at $1.30 equals

260 services 50 ft. each, using 1 in. wrought

iron pipe cost laid, $.30
260 fixtures

55 hydrants
24 gates,

8 4 in. gates
14 g * »

4 8 H u

55 Branches for hydrants,

4 $1.00 «
W $. 75 i
at $6%

at $40. :

’ e

Ll $30- i

" $45. 0

. 8. ¢

Size
10
10

bbb oaogbhoaogOoOoOO@od™>oco 000

$20826.
$12905.
$ 2673.

2900.
1560.
2200.

“r >

114.
420.
180.

& & O

S,

75
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Total Cost.

Pumping service and 10 in. main,---- $25000.
Distributing service and fixtures, $44600.
$69600.

The citizens of Walpole may well congratulate themselves upon
the natural advantages, fer furnishing so large a proportion of
the inhabitants of the town, with an abundant supély of pure water
at a comparitively small eutlay, compared with a majority of

the citiec and towns.
GROUND WATER.

Within recent years, water supplies from driven wells have met
with popular fa#or, and an examination for a possible.supply by
this means, has not Heen emitted.

Owing , however to the limited time, the investigations of this
phase of the question have not been carried to any extent.
Furthermore, test wells would be required,before any reliapble data
could be obtained, as to quantity and quality.

The engineering features for ground water supply, and for the
proposed surface water supply, would be quite similar; and the
cost of pumping service.and distrivution would not differ greatly
in either case.

That a ground water supply is ebtainable, is well known,from
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the common wells, already supplying the town.

Expensive tests by boring, mede by Mr H.D. Dupee, of the Chem-
ical Dye Works, resulted in an abundant supply, 1500000 gallons a
day, being obteined; but the quality is such as to make it desirable
that additional test wells,.be driven above the drainage from the
town. The analysis of the water from these wells, 20 in number,
shows chlorine mueh higher than the normel, and hardness too great
for a desirable supply.

(See Herald Sept. 10, 1888, for account of wells.)

That the quality of the water now in use from many of the wells,
is ebjectionable, may be seen by the analysis of sample no.7 taken
from the Hotel pump. Its quality, or rather its impurity can
better be appreciated by a comparison of the analysis of this
water, with a common sample of sewage tested at the Lawrence

Experiment Station.

T v e

Total| (grition| f””?” 7_’7-6’6' JZJ | ‘ Pt rates| Fitritrg
Sewage. unfiltered. yory| /20 (2940 |o2 | ga02 ol vore | 0000
Sewage #iltered. 2s49| 727012389 (17777 [0S 1E3 [ Ta oo | o an

Difference- Suspended matter.r}zw ;ﬂ/\faa
= = |
Hotel Water. 5 7¢| /025‘ :0052‘[>/‘9| /df’fﬂn ovaa}

=== =L 1

| o ¥72] 2627|007 h 0000 | yopo

Let the eitizens of Walpole awaken to thelr privileges and respon-
sibilities, and insurer, manufacturer, landscape gardner, and sani-

terien will alike. welcome the introduction ef this" great source

of power in Nature,converted to the use and convenience of Man'.
2%/{/g¢¢mjz



Appendix.

References:- Value of steam power and plant to replace water power,

( Trans., Am, Soc. Civil Engineers, Vol. X1l. Page 425.)
Driven Wells: -- (Herald, Sept. 10, 1888.)

Mr Langford €Gontracting Engineer, Room 40, Mason Building, (B).
gives the following estimates,- cast iron pipe 12 in. diam. cost
$29. per ton, excavating, laying, packing lead, cartage, back-
filling to covered depth of 4 & 1-2 ft. at $.40 per linear ft.
For rock excavation, add $4. per cubic yard.
Loss en pipe in cutting 1-2 in. per ft.
Hydrants ineluding two hose and one steamer nozzle, with frost
case $40. without frost case $5. 1less.
12 in. gate, set, including gate box, $50. 50 ft. pipe to each
service. 1 ineh cement lined pipe, laid, $.28- $.30 per ft.
Fixtures:--- Corkoration cock.

Lead connection. at $6. each.

Side walk stop.

Stop box.

Inside house fixture.

8 Hydrants per mile.

References:--- Cunningham Iron Works, Estimate on Stand pipe;
Blake Manufacturing Co. y Punping Machinery.

Chapman Valve Mfg. Co. 2 Gates & Hydrants.



References:-- Boston City Engineer, Laying Water pipe.
"Friction loss in clean pipes".--No. 10. City Doe. City Engineer’s
Report for 1888, Providence, R. I.
Report of State Board of Health, Mass. 1890. on Quality.
If the engine used has a "duty" of 60000000 ft. lbs. per 100
lbs. coal burned, it will require in lbs. of coal per year for
/00,000 ~ J65 x 73

pumping 100000 gallens a day. S _ 50000 [approx)

6oa, 0dQ

29 dons (@ Fuee = gr2s5wec

Cost of pumping.

Labor at $60. per month, $720.
25 tons coal at $5, 125.
Use of telephone; oil and sundries, 155.

$1000.
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WATER ANALYSIS.
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