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Voted. That the Report of the Committee on Water Works appointedApril 14th, be accepted, and th�t the Mayor he authorized t� have twohundred copies of said report, with the accompanying docttmonts print­ed for general distribution. 
J. R. HCCKOK, Clerk. 
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REPORT OF 'l'HE COMMITTEE ON WATER WORKS 

TO TIIE BO.A.RD OF ALDERMEN. 

Your Committee upon the subject of Water ·worke, re­

spectfully report : 

Our City can be supplied with an abund:mcc of water 

from the Lake by the use of steam power, from Winooski 

River by the use of water power, and from the rivers in 

Jericho by gravitation. At no distance less than about 

eleven miles can we obtain a supply of water by gravita­

tion, from any place, and as tws would involve an expense 

of not less than about $500,000, such a mode of obtaining 

water is out of the question at this time. The supply of 

water for our City must, therefore be taken from the Lake, 

or from .. Winooski Rive.·, and in selecting as between the 

two, we must have especial reference to tlic quality of the 

water in each, and the relative cost and expense of con­

structing, operating and maintaining water works, taking 

their supply from each respectively. 

The subject I.icing an entirely new one to the Committee, 

it is nut to be denied that we comruenced the discharge of 

our duties in a somewhat general and um1ystcmatic way, 

but the little light that we thus obtained from various 

sources, soon convinced us that undue haste in adopting any 

system or plan of water works for the City, might result 

very injuriously to tl1c prosperity of the City. It is proba­

bly true, that o.t the time of the appointment of your Com­
mittee, a majority of our citizens were fully convinced, that 

although it was well enough to examine other sources, after 

-
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all, the Lake was the true source from whence to supply 
t'.1e City with water, and such, at that time, was the convic­
t1�n 01 a '.11ajority of your Committee. But, as we proceeded 
with our mvcstigations, it became apparent to ui; tl iat if 

�
uitable works were built to supply the City with water 

from the Lake, the cost of constrncting and the annual ex­
p�nse of operating and maintaining such works would con­
siderably exceed the public estimate', and we therefore 
tur�cd our af tention to the River. Much has been said 
agam�t the water of Winooski River, so much, that the 
C

�
mm1ttee expected to �nd it much inferior, in quality lo 

l!l,\t of the _Lak_c, a'.1C� m ll1e outset began their investiga­
tion by_makmg rnqumcs of those who had been accustomed 
to use it more or less for many years "nd tlie . fi t· , " rn onna 10n
we thus �btaincd, was of it character so favorable to the 
good quality of the water, that we felt authorized to incur 
the expenses of having that and the Lake �, t I d 
T 

,;a er :rna. yze . 

_
he result o� an analysis of about one quart of water taken 

from the �1ver at an ordinarily low stage of water and 
corked up in a bottle marked No. 1 and the like amount of 
water taken from the Lake about 300 feet west from the 

:::!e�
n

! 
0� Mr. Lindsley's �barf, corked up in a bottle 

wh· h l
o . .,, �ay be found m the report of Prof Seelev 

ic we 1ereW1th submit. 
• .,,

We are now sat" fi d ti . . is e 1at the quality of the R" . t 
1s as good if not b tt th 

1ve1 wa er
, e er an the Lake water. 

Some weeks ago we sent for James M D 
a practical bu"ld f 

c onald, of Albany, 
1 er o water work f, th 

quiring throu h him . _81 or e purpose of ac-

ble us to pres!nt t 
such mformat1on a� we needed to ena­

o your Board the b t 1 
for the City M. M D 

cs P an of water works 
· I. c onald ca d . 

different poir t f· . me, ma e exammations of the
is iom which the t . wa er might be taken from
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the Lake or River, the proper places for reservoirs, laying

pipe, &c., a nd though he gave us much valuable information

and proposed to contract for the building of the works, ata

proper time, he was unable to give us any plan, specifica­

tion or estimate&, not being a Hydraulic Engineer. 

We then engaged Wm. J. McAlpin<", an experienced Hy­

draulic Engineer, and in company with Mr. McDonald, Mr.

McAlpine came on and made such investigations as he

deemed necessary for the purpose of reporting plans, speci­

fications and estimates and his report is herewith submitted.

Mr. McA.Ipine has made his eslimates with reference to

supplying the city with water. Fir.;t from the Lake by

steam power. Second, from the River at or 1:ear the upper

dam at Winooski, by water power. Third, from the River

near the first Railroad Hridge above Winooski, by water

power, and fourth from the Rivffi: near the Railroad Bridge

below ""\V"inooski by steam power.
His estimate of the cost of the works built according to

his plans (not including the cost of the present water works)

at the several points referred to, is as follows : 

.At the first point with iron pipes, $193,095, part cement

$181,000. 
At the second point with iron pipes, $H9,100, part

cement $135,350. 
At the third point with iron pipes, $165,535, part cement

$150,785. 
At the fourth point witli iron pipes, $167,055, part

cement $154,000. 
His estimate of tile annual cost of operating and main­

taining the works when delivering a half million gallons of

water daily if raised by steam power, is $5000, if raised by

water power, is $1,750, and when deli,·ering a million gallons

daily, if by steam power, $9,000, by water power 3,000. 
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o be. presumed that Mr. McAlpine is entirely
. m is estimates, but as we believe him to be sub­

stantially so and as he mak th d'ffi 
the works an'd th 

cs e I crence (n the cost of

ing them so m � �n�ual expense of operating ond maintain-

a 
. uc m avor of what he calls hiR second plan 

your omm1ttce havedecid l t 
'

tion f th ' l 
' e< o recommend to you the adop-

at 
o is 

I
p an, that is, to take the water from the Hi,cr, or near tic upper dam at "'iuooski 

Mr. McAlpine assumes that t i C' : . . 
owners at this point in th 

J� IL) will m11te with mill
to t lJ ·t f 

c erection of a new dam ·1t u. co1-1t e c1 Y o ten thousa l d II 
bis estimate of th k

' nc ? ars, which he i11cludr1i in

F 
e wor s at tlmi point rom enquiries which tbc . . . 

wl10 are to be aflc t d . 
�ounmttcc ha\'c made of thosec e 111 taking tho wat t I • are coufident that n][ . • er a t 11t1 pomt, we

" water rll•hts tho plan of the E . o ncccs1;ary to carry out 

. ugmeer, can be sec . d will not materially 1 . 
me upon terms which' vary us general 1· his second plan b . cs unate of the cost of

. , ut to av01d a11v d'lli I . 
arise by an uncoudi't· d d 

J • cu t1e1:1 that might 
1one a opti f 1 . mend tho adoption of ti. I 

on o t ns plan, we rccom· 
wat:R.r rights and pri .1 

118 P au upon the condition that all
t. 

YI eges rec1uircd fi tJ ion of the plan can b 
or 1c 1mcccssfu I opera-

Th 
c secured upc,n · t d e report of ),[ M Al . . JUS an reasonable terms.

will be before yo�ti 
r.

: 
c
l 

pme u:1 quite extended but as it,"e 1ave onl fi 
' 

portant results at ,vh· 1 b .Y re erred to some of the im·
C ic I e arnve d . 
or our present purpose 

s- cemmg that sufficient
Some of the b d . on s authorized l, h . prmted and are in the h d . Y t e 01 ty, have been

due of them will soon b
an

i 
s oi the Uommittcc and the resi­e iere. 

Respectfully submitted. 
T. E. WALES l L. BARXI•� ', 
0. A DODGE r Committee.

July, 23 18G6. P. D. BADLou', j 
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REPORT OF PROF. HENRY M. SEELY.

MIDDLEBURY. VT. JULY 10, 1856.

L. BARNES, EsQ., 
DEAR Srn :-I hasten to report the result of the analysis

of the sample of water marked No. 1 and No, 2, received
from you last week. 

They have been examined with care, so far as the time al-

lowed. As Dr. E<ldy wrote you thero are facts in regard to
the character of the waters, which would require much time 

and not a little expense to determine. These could not be

attempted in tlic space of ten days. The presence or ab­

sence of nitrates and the actual as well as the relative action

of the waters ou lead are questions of iuportance if they
are to be brought in contact with lead. 

I hope, however, the determination of the character of the

respective waters, brief as has been the examination, will

be of some service in guiding you to a correct decision in

regard to the source of supply for the City. 
Both waters arc slightly alkaline. This alkalinity, how-

ever, is feebly marked alike in both. 
Both are of good color and not stained by organic matter.

Both hold undissolved mat.ters in suspension and to make

either a gobd water for culinary and particularly for drink

ing purroses it must be filtered. 
Ro. 1, probably holds more matter in suspension ; but 

this matter is sooner deposited than in 
No. 2, which holds the matter in a more flocculcnt con-

dition and does not deposit it for a long time. 
Both bold in solution a. small amount of organic matter.

No. 1, contains according to experiment a shade more of



this organic matter than No. 2, which is so far as this is 
concerned very slightly purer. 

Both have their own degrees of hardness. An arbitrary 
standard which need not be described here , was adopted for 
the determination of their relative hardness which gave uni­
form results. 

'l'his proved that No. 1, is softe,· than No. 2, Atill thl're is 
a difference which is marked and constant. 

. The summing of the matter as far as experiment goes i:,
m favor o� No. 1, which is softer though containing per­
haps a tnfle more of organic and Auspendcd matter than
No. 2. 

There is not that wide difference in the two waters which
would place one far above the other aud in determining
w�ic� shall be used, probably other facts t\R expense, etc ,will mfluence the decision. 

Permit me to direct attention to an investigation whichc�n be made _only on the ground, to wit i tho liai'iility ofeither to be disturbed by freshets. 
The one roiled by every rain, is certainly less desirablethan one which is clear from spring to fall. 
One sanitary measure, let me suggest-that of forbiddingthe use of leaden pipe f ts . . . . . s, auce or reservoirs m the d1str1-but1on conveyance or storing of the water.

Yours very respectfully, 
IIE 'RY M. SEELY. 
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REPORT OF Wii. J. Mc ALPINE, ClVIL ENGINEER. 

SroCKBRIDGE, MASS., JuLY 16th, 1866. 

To the J[ayor oJ the Oily of Burlington and the Wale,· Oom­

rnillee : 

GE!<TLEMEN :-In submitting the following report on a 
water supply of your City, iL is proper to rema1 k that I was 
advised by you that the adjacent country within a reason­
able distance was not sufficiently elevated to furnish a sup­
ply by gravity, and the examination might be confined to 
two sources, vi� : from the Lake and from the Winooski 
River near the village. 

In company with :Mr. Linsley I examined a site for a 
dam and pumping· works at the foot of the gorge in the 
river below the Railroad bridges, which obviated many of 
the Qbjections to tho river project. 

The Winooski river approaches the City as it flows 
northward, and by following Gough Street and a short cut 
to tho river, a steam engine and pumps placed there would 
throw the water into the proposed Gough Reservoir through 

a pipe not exceeding 2,000 feet in length. 
The present examination is confined to these four plans : 
Tho population of the City is about ten thousand, which 

will require, for all purposes, a present daily supply of 
half a million of gallons. To provide for a future increased 
population and a larger c:emand for manufacturing and 
other purposes, the works should be arranged for enlarge­
ment to supply one million of gallons daily withont the 
loss ot any of the first expenditure 

The machinery should have sufficient power to elevate a 
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million of gallons of water into tho Reservoir in twenty­
'.our hours, and for the present will supply the City h be-
mg run but twelve hours daily. 

y 

The Reservoir
. 

capacity should be equal to twcnt da 
supply or ten millions of galJons and in · 

y 
b
ys 

. 
, ' an exigency y 

an econom1cal use of the water, this supply might lie made 
to last a month a l 'f th 
k . ' 'nc 1 e rule 1s strictly adhered to of 
eepmg the Reservoirs al f 11 h' 

' 

all 1 . 
way:; u , t 1s provii;ion would 

' 
A
uw amp e time for the making of all ordinary repairs 
t an early day dupl' t h' 

· 

d d d I 
. ica e m· c mcry oughL tu be JH·o,·i-

e ' an regard this as so imporhnt th"t i·r ti 
P 'd d f' 

' " 1e means 
ro,i e or the works arc t ffi · 

mend the Uo 'tt 
' no su c1ent, I woulfl recom-

mmi cc to omit la · · · 
least · d 

yrng p ipes 111 t:omc of the 

the 
occ

b
�p1e streets and apply the rnoney to duplicating 

mac mery. 
' 

In the case of the first Ian h 
t) b bt . 

p ' w ere the wat,·r is proposed 
e o arned from the Lake I Id 

nou-condensi rr •· '. 
wou recommend :i small

nb eugme, and direct actin , ili . 
to elevate half .11. 

g pumps 1:1u c1eut 
a m1 ion of gallo . t I 

which could b 
' ns 111 0 t IC lower Rci;er,oir 

e set up for about $6 000 d 
the secontl plan , •h . h '. 

i an in the case of 
, e1e t e water is d 

from the Winoosk' . . 
propose to be taken 

1 uver near the ·11 
mend that both f th 

' ' vi age, I would recom· 
0 e wheels and sett f 

should be put in, which would . 
s o pumps proposed 

about $5,000. 
mcrease the cost of that plan 

The several pl h . . ans erem discussed are as follows : 
TJIE FIRST PLA ,-

Th 
.,. 

Th: :
up�ly of water to be taken from tho Lake

. rams and sewers of th c·t .. 
discharged into the L k 

e i y arc and will be chiefly 

the manufacturers w·� 
e

t 
the _south end of the City, where 

from which will 1
1 

th
a s0 chiefly be located ; the refuse 

reac 1 e Lake. 
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The location of the pump-well should be where the water

will receive the least impurity from ttcse sources. 

It is stated that the drift, both at the surface and along

tho bottom of the Lake near the shore in front of the City,

is almost always southerly, and this has determined the lo­

cation o� the works at the north end of the City.

The water should be taken from a considerable depth

below the surface of the Lake, and from not too near the

bottom, so as to secure the purest water at the most equa,.

ble temperature at all seasons of the year.

A detailr.d description of the works necessary to carry

out the seYeral plans will be found in the a,nnexed specifica­

tions. A general del:'cription of the first plan is as follows :

.\. large rectangular pier of timLer filled with stones wiil

be sunk in the Lake, nearly in the line of the prolongation

of X ort b Street, where the water iA twelve or fourteen feet

deep, which it is estimated will be at two hundred and

thirty feet beyond the line of the present Railroad wharf. 

\Vithin this pier will be placed the pump-well and. a con­

duit leading from it to the west face of the pier. Over this

well will be placed the pumps, and adjacent thereto, the

steam engine, and in a contiguous room the boilers. The

whole of which will be enclosed in a brick building, covered

with an iron frame and slated roof. 
The engine will require to be of about fifty-four horse

power when elevating the water into the lower reservoir,

and about 011e hundred horse power when elevating it into

the upper reservior. This increase of power will be obtained 

by raising the temperature of the steam, and tho boiler and

all parts of the machinery of the engine, pumps and mainS'

must have the strength to resist this increased pressure of

•
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steam on one side, and of the highest head of water on the 
other. 

The pump main will be carried from the .pumps to the 
shore on a solid crib of timber and stone sunk into the Lake 
and enclosed in a large box filled with charcoal ortan bark, 
to prevent tho water from freezing, and from thence along 
North Street to tho Reservoir at tho corner of Gough 
Street, the water in which will be at an elev11tion of about 
two hundred feet above the Lake. 

_T�is Reservoir will be of sufficient size to contain eight, 
m1lltons of gallons, with a provision to add to it another 
section of the same capacity. Both Divisions will require 
about eight acres of land. 

From opposite this Reservoir the size of the pump main 
will be reduced and extended along Gough to College Street 
and thence across the University Grounds to a Reservoir 
on the west slope of the ridge east of the College. The up­
per Reservoir will be of sufficient size to contain four millions 
of gallons, with a provision to add another section of the 
same capacity, requiring about six acres of land. 

. At the Gough Street Reservoir there will be a stop cock
i� the branch of the pump main, and another in the exten­
sion of the main leading to the upper Reservoir, so that 
when the lower one is full the cocks in the branch may be 
closed, and the water forced into the upper Reservoir. 

_I have been advised that the portion of the City which
will be supplied from the upper Reservoir will require not 
to exceed one-fourth of the whole quantity of water and 
when tl1e works are first started, the engiiw run one day in 
each week will furnish this supply to the upper Reservoir.

By means of a pipe of ten inches in diameter from the 
pump main through Locust, and continued by pipes of eight

13 

and six inches through Church Street, and another line of

the same size from the pump main through Champlain Street, 

the supply of water to the central and lower portions of the

City will be obtained directly from the Pumps while they

arc in operu.tion, and when they cease working, the supply

will be obtained from the lower Reservoir through the pump

main and the above mentioned connections. 
While the engine is forcing the water into the upper Res­

ervoir, the whole of the pipes will be subjected to the bead

due to its elevation, and at other times the pipes in the

lower division will have only the head due to an elevation

of the lower Reservoir. The pressure on the distribution

pipes will also be increased by the bead o:t water necessary

to overcome the friction of the water in the pump mains,

which will be equal to a bead of nearly one hundred feet

when the engine is forcing the water into the upper Reser­

voir. 
The inconvenience of this greater head at times can only

be obviated by laying an independent supply main along

side of the pump main in North Street, which would invo!:e

an expense greater than to increase the thickness of the dis­

tribution pipes to meet the increased pressure. 

It may be here remarked that the house service pipes and

plumbing must also provide against the highest head of

,vater. 
This great bead may at auy time be made available and

useful in the event of conflagrations, by opening the con-
. 

d 
necting cocks between the upper and lower services,_ an 

in many cases will enable the use of hose without tho mter­

vention of fire engines. 
The annexed specifications and estimates provide for one

of Worthington's most approved Engine and Pumps, or
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any other approved plan of Engines and Pumps which willp�rform tho duty required without increased cost of run­mng. 
It . 

E .1s not mtonded to prcscribo the use of ,Vorthington'$ ngmo and Pumps in prcfo . t f . i enco o any other. l\fachinerr o smtablo character c b l fi . 
. . ' an e usec or this purpose at aumc1eased cost of a few ti d d 1 

' 
1 

• iousan o lars, which will cJt,,·ntet ie water as cheaply as tho former. In prep�iring the dimensions of the Engines and Pumps I have relied up ti on 10 statement furnished me that one-fourth of the water would be . I 
' 

th reqmrct io be clc,·atcd into o upper Resen·oir Fro • 
• 111 a personal rnspcction of that portion of 1110 Citv I . . ' 

., ' am sahsfictl that ono-<?ighth of the water so elevated would . . . . 
I 

gl\ c it an ample prnport10nak supp y. 
The simplest arrauo-o t f l b' 

' o men o t 1c pumping machinery tomeet t
. is problem, would be to use one sot to elevate the water into the lower . . ·t f· 

icscn-oir and another to elevatr 
i tom thence to tlte u er 
sim I . PP one, and for tho latter purposf' ap _c non-condensmg Engine could be used. Tins arrangement would d i . 1 . 

re uce tho first cost of the pump· ng nia.c nnory from two t th would add t ti 
O rec thousand dollars, but 

0 1e aru111al cost of · · 
water to th 

raismg 011e-fourth of the e upper reserYoir O'reat as ti · t . 
1 a sum more than twicr as o 

T 
ie m o1cst ou the saving in the first cost. ho case, howeve Id . the water had t ;, wo� be different if bui one-eig·hth of

wh. 1. 

0 e raised into tho upper Reservoir in 1ci1 event I would d .d 
, 

ing Machiue'r b 
cm edly recommend that the Pump·' Y o separated and th be arranged fi . . : c one at tho Lake should or only ra1smg th t . sorvoir · . 0 wa er mto the lower Re· ' aua a more simple E . 

raising it to th 
ugme and Pumps be used for e upper one. 
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I have not worked out this plan, but can do so iu a short 
time, if desired by the Committee. 

THE SECOND PLAN. 

The supply of water to be taken from the River uear the 
village of Winooski. 

It is understood that the proprietors of tho present water 
power will concede to the City a preference right, sufficient 
to elevate an ample supply of water for the use of the City 
into a Reserrnir aboYe the highest occupied portion of tho 
City. 

Although tho present requirements of the City is but a 
half a million gallons driily, and the future estimate is but 
one mil!ion, it would be judicious to specify the right to di­
vert one and a half to tw'l millions daily and acquire the 
preference right of the water power necessary to elevate it 
to the required height. The preference right ot the use of 
4,000 cubic feet per minute, (which is supposed to be about 
one-fourth of the water in the stream in its lowest stages,) 
would be an ample provision for any future demand for these 
works. 

It is understood that the water proprietors are also will­
ing· to pay two-thirds of the cost of the now clam and of the 
flowago damages. 

The estimates of tho cost of the second plan are based 
upon these assumptions. 

Tho new dam will be built a tibort distance above the old 
one, on a reef of rocks which extend entirely across the 
river, the shores of which are also of rock extending above 
the level of the proposed flowage line in the highest water. 

This dam will flow about one hundred acres of land 
an average depth of four feet and will contain one hundred 
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and thirty millions of gal1011a and besides ga,ining an in­creased head of eight feet, will nearly double tho quantityof water, if the other powers arc only run th1·ough theday. The value of the Pond may be ascertained by as­suming that when the whole power of the water is occupied (say six hundred horse power) and one-half of themachinery in the lowest stages of the stream is not usedduring tho night (twelve hours) the saving of the waterwhich would (without the pond) run to waste at nightwould add twenty-fo·e per cent. to tho whole power used,or more than twice as much as will ever be requiredfor the use of the city. The storage capacity of tho Pondwhich w9uld be saved at every heavy rain, would be equalto a week's supply of the water used for power by the City,and fou1· month's supply for tha,t portion which would bediverted for the use of the City.
These advantages are the inducements to tho water pro­prietors in the proposed concessions to the City, and a:cevidently fair and equal between the parties.
The proposed dam will be a substantial and durablestructure, made of framed timbers, and ffrmly bolted to­gether and compactly filled with stone, and the bottomtimbers of the dam firmly bolted to the rock. The Bulk-headwill be a structure of stone protected by timber with castiron regulating gate11, and a flume of six feet in diameter, estimated at 500 feet length, extending to a forebay inthe basement of the Pump House. 'l'he Pump House istwenty-six by thirty-six feet, the basement of stone mason­ry and the next story of brick.

The W atcr Wheels are placed on opposite sides of theforebay, and each are arranged to drive an independent

17 

pair of Plunger Pumps, and also, if necessary, to be discon­nected and attached to the pumps of the opposite wheel. One of these wheels has power sufficient to elevate amillion of gallons of water into the t;"niversity Reservoiri11 twenty-four hours, and the other one the same quantityin twelve hours. Either of these wheels will perform one­half of the above duty where there is the greatest amount ofback water. 
The pumping main being so much shorter than in tLe firstplan, the frictioll of the water will be less and allow thepump main to be reduced to eight inches interior diameter.It will be extended through the Reservoir and connecteddirectly with the distribution pipe, so that the supply ofwater to the City may be kept up when the reservoir isemptied for repairs or cleaning.

The reservoir will be placed on the same site as that pro­posed for the first plan, but will contain ten million of gal­lons with a provision to add another section of the samecapacity. 
The suply mains for the 2istribution, will be a pipe often inches diameter from the reservoir to and through Col­lege Street to White Street and thence down College by apipe of eight and six inches to Water Street, with one ofeight thrnugh White, another of six inches no1'thwardthrough Pine, and another southward of the same sizethrough Champlain. A six inch supply main willalso be extended through Green and Pearl to Church Street.In other particulars the distribution will be the same asin the other plans.

The pumping mains in all of the plans are made with in­creased thickness of iron for three different heads of water,to which they will be subjected.

3 
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There will also be three check valves aud air chamber in 
each pump main, to provide against tho shock of the water 
which might from any cause fall back in the m:i.in. 

THE TfHRD PLAN. 

From the River uear the Railroad Bridges. The dam 
will be about one hundred feet long of he:i.vy stone 
masonry, shouldered in the rock at tho sides and bottom 
of the chasm, with a tunnel driven through the side rock 
for a fiume, and a bulkhead, regul:i.ting gates, forebay water 
wheels, Pumps and Pump houses substantially the same as 
described in the second plau. 

The dam will be built to g·i,·e twelve feet l1ead at the 01· 

dinary stages of water, and to provide against back water 
and the increased friction in the pump main, the water wheels 
must be of nearly twice tho power of those proposed in 
the second plan. 

The pumping main is assumed to be eight thousand feet 
lo�g and will deliver the water into the UuiYcrsity Reser­
voir as before dcscribe<l. 

'l'he Reservoir and Distribution will be the same as des·
cribed in the second plan. 

TIIE )'01.:RTH Pl.AN. 

The water is to be taken from the River below the )fillti,
a�d elevated by steam power through a pipe of eight inches
diameter into a Reservoir at the corner of Gough and North
Streets, and from thence to the University Resen-oir.

The_ basement story of the Pump-house will be twenty
feet high and composed of stone masonry laid in Hydraulic
cement mortar. 'l'he well will be built in the basement with
masonry, and will be twelve feet deep and ten feet diameter.

The arrangement of the Engine, Pumpe, Engine and Coal
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House, Pump Main Reservoir and Distribution will be the 
same as for thP. first plan. 

The distribution on tho several plans is exhibited in the 
annexed schedule of pipes, stop cocks, and hydrants. 

The City will be divided into three water districts by linc11 
of stop cocks, which will permit the water to be shut off 
from either without int.errnpting the supply to the other di­
visions and permit. repairs or additions to be made. 

The Fire llydrants arc placed at the corners of all thr 
larger blocks aud at the alternate comers of the small blocks, 
and at all <lead ends and n('ighborhoods where water will 
be required beyond where the pipes arc proposed to b<· 
laid. 

In consequence of tho unusual head of water to which 
the pipes will be subjected, I .have estimated the cost of 
heavier piprs than usual. This increased weight of pipe 

will be particularly necessary in the first plan, where the 
pipes are subjected to an increased pressure, and to the 
shocks which will sometimes occur where the water is 
pumped directly into tho supply main, and which can only
be oLviated by a costly stand pipe and very large air vessel.

'l'he estimates for pipes do not include new pipes in those 
streets whore st�ita'Jlo pipes have been laid by the present 

Water Company, as it has been assumed that the old pipes 

will be used as far as possible in tho new works. .Au esti·.
mate, however, is appended to show the additional cost of
n�w pipes of the reqmsite size in tho place of all of the old 
ptpes proposed to be used. The new pipes would generally
be larger than those now in the streets, be more durable and
furnish a more complete supply.

, � have no information on the subject of the present con­
dition of tho old pipes, to enable mo to determine whether 
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they will stand the increased head to which they would be 
tiubjE,cted by thefr connection with the new supply. 

The use of wrought iron pipes lined upon the outside, and 
inside, with hydraulic cement, has now come into general 
use and arc highly approved of by the \Yater Commission­
ers and Engineers who have used them. They can be sub­
stituted with safety and advantage for all of the pipes in 
the distribution not subject to shocks. If used they will 
save about twenty per cent. on the cost of the iron pipes, 
which has been estimated for. 

The estimated cost of the several plans arc as follows: 
F1RsT Pux.-From the Lake. 

Pier in the Lake, and to connect with the 
shore, $9,000 

Pump well, screens, boxing pump main,
Piles, &c., 3,600 

Engine boiler & coal houses, and chimneys, 11,300
Steam engine, boilers, pumps and fixtures, 22,000 
Pumping main, check valves, and fixtures, 2 7,500 
Gough Street and University Reservoir, 30,001)
Distribution pipes, stop cocks and hydrants, 69,000 
Land for two Reservoirf' and right of way

pump mains assumed at, G,500 
Water right in the Lake, and purchase of

old water works, not included in the esti-
mate, 

Engineering, Superintendence,
and pipe testing, 

Contingencies 5 per cent., 

Inspection 
5,000. 183,90(.\ 

9,195 

Total, $193,095 
Exclusive oftbe cost of the old water works and damages.

21 

The saving by the use of cement lined pipes where it would 
be safe to use them, would be about $12,000 . 

SECOND PLAN.-From the Winooski, near the Village.

Dam and land damages $30,000, one-third is $10,000 

Flume, forebay, tail race, &c., 3,500 

G,000 Wheel house, &c.,
0 Water wheels, pumps and geering, G,50 

Reservoir including land, 22,500 ' 
10,900 Pump main, valves, etc., 

Distribution pipes, cocks, hydrants, etc., 17,600 

Engineering, Jnspection, etc., 5,000. 
142,000 

Add 5 per cent. for contingencieR, 7,100 

Total, $149,100 

E . f ti Id orks The saving byxclus1ve of the purchase o 1c o w 
the use of Cement lined pipes would be $13,750. 

. th ld te . works pipes withThe cost of replacrng e o wa r • , 
new ones of Iron would be $24,600, and "'i.th Cement hued

I 

would be $l!l,OOO. 

Tmau PLAN .-From the \Yinooski, near the RaiLro�d
. d t this place willbndges. The dam and flowage amages a 

cost about half as much as at the village-and will furmsh
. h d btlcss be sold. Thea large surplus of power wh1c can ou 

sum of $10 000 however will be charged to this projec� for

� 

, 
' · h ffic1ent the cost of the dam tunnel, etc., for wh1c sum, a su ' 

. . h ld be decided not towater power could be made, 1f it s ou . connect any other works with those of the City. 

ESTIUATE. 
Bam, etc., $10,000 
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3,600 feet extra length of Main, including 
land, right of way, check valves, etc., 
$3,25, 11 700 

Extra cost of water wheels and fixtures, 3,�00. 

The cost of the second plan, exclusive of 
the cost of the dam, 

Add 5 per cent. for contingencies 

$24,700 

132,000. 

156,700 
7,835 

Total, $164,535 

If Cement lined pipes am used for the distributio11 it will 
save as in the second pl::m $13,750. 

FouRm PLAN.-From the Winooski, below the Mills. 
Pump well, Engine boiler, Coal houses and 

Chimney, $!2,500 
Steam Engine, Pumps and fixtures ().(). 000 I "'-'1 

Pumping main, Valves, etc., 14 100 
Reservoir, Land, DistributioJ1, and Superin-

tendence as in first plan, 110,500_ 1591 100. 

Adel 5 per cent. contingencies, 7,955 

Total, $167,055 

If Cement lined pipes are used for the d"st.r·b f ·t ·n 
save <1'>13 000 

I I u ion, J w1 
'P I • 

COMPARISON OF THE PLANS. 

The questions to be considered m1der this head are : 
1st. :he purity of the water proposed to. be furnished, 

with reference chiefly to domestic use. 
2d. Tl1e cost of introducing the required amount of wa­

ter. 

• 
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3d. The cost of O'J)erating and maintaining the works.

4th. 'fhe permanence of the pumping machinery. 

5th. The prvbabilities of interference or interruption by

the operations of private interests. 

1. PURITY. 

I have bad no access to any analysis of the waters from

the several localities proposed for the supply, but in the

case of the Lake water, its constant use by the citizens of

Burlington and other places on its border, and on the

steamers, show� it to be of excellent quality for domestic

use, and of fair q nality for steam boilers. 

'fhe natural waters of the Winooski River :we derived

from a. water shed chiefly of the primitive rocks and flow

down the a.brnpt decli,ities of the bills and mountains so 

ra.pidly, and with Jess than the usual permeation into the

soil, that the pure min water must reach the streams without

absorbing any considerable amount of the earthy salts or

minerals, and the water when it first reaches the tributaries

of the River must therefore l>e very soft and pure. 

The River flows over a rocky, and in some cases an allu·

vial lied, but as this alluvial is mainly the decomposition of

the primitive rocks, the water cannot l>c much affected, and

it ought to show by analysis more than the usual good qual-

ity of River water. 
The water in the Winooski, d.erived, as it is, from the

same character of water shed as the Lake ought to show

the same quality. The only advantage in favor of the

Lake water being, that it bas precipitated the minute earthy

matter which the motion of the river keeps in suspension . 

In ordinary times these particles of suspended earthy

matter in the river water are not observable except in large 

I 
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bodies of water, and are not objectionable for domestic
uses. In times of flood tho river will contain a large quan­
tity of this suspended matter, and it will require several
days of quietness in the Reservoir to precipitate th-se im­
purities. But as the Reservoir will contain twenty days'
supply of water, there will be but little difficulty arising
from this turbid water, and it will be entirely obviated
when the second division of the Reservoir is made.

Tho largo pond proposed for U10 second plan will also
act as a settling Reservoir, and greatly purify tho water.

On tho fourth plan it is proposed to take the water from
the river below the village of Winooski and the mills at
that place, in passing, which, the water will receive more
or less deterioration. 

It may be remarked that the Lake water is exposed to
dctcrioratiou by a prevalence of winds which will drift
the drain and i;ewerage matter discharged from the City,
the rcfnse from the mills and vessels, aud the floating gar­
bage iu the port to the entrance of the pumps' well, some­
times, to an extent which will prnvent the use of the water
for several days in succession.

In carefully considering the subject t:.e relative purity
of the waters would be in the following order
First.-From the Lake. 
Second.-From the Winooski river at the gorge, and but

little inferior to the Lake.
Thfrd.-From the Winooski river above the village, and

nearly equal to the Lake.
Fourlh.-J<'rom the Winooski river below the village, and

not suitable for domestic uses, unless it is purified by
quiescence or filtration. 
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2. COST OF THE WORKS. 

The estimated cost of the several plans exclusive of the 
purchase of the old works arc as follows : 

First plan, with Iron pipes- . . $193,095 with part cement hncd pipes, 
Second plan, $149,100 " " " '' 
Third plan, 164,535 " i' " " 

Fourth plan, 161,055 " " " " 

$181,000 
135,350 
150,785 
154,000 

The cost of substituting 11ew pipes for the old ont'l:l 
would be if of Iron, $2-1,GOO-of c·)mcnt, 19,000 

TC> tho first plan should be added the cost of the water 
front and reparian right where the engine and pumps arc 
placed in the Lake. But in th(\ comparison of the cost of 
the first three plans it may be omitted, as an offset to a 
possible increase in the purchase of the preference right 
to the water power of the ·wiuooski river. 

3. COST 0}' OPERATING AND l!Al;-(TA!:sl:SG TBE WORKS. 

. h · and pumps inclu-The annual cost of runumg t e engine , . 
. · & n the first and fourthdmg the labor, coal, 011, repairs, c., o .11plans when delivering half a million of gallons per day wi 

be $5000, and when delivering a million of gallons, $8,00� ;
· d t th Reservoirs an extra attendant will also bo require a e 

which will add $1,000 to tho cost of operating, and there . . · f tl ther parts will be a little more expense m the repairs o ie 0 

of the work than on the second and third plans. 
Tho annual cost of repairs of tho dam and pumping works 

. 1 d the wao·es of an atten-on the second and third p ans, an • o 
dant will be, when delh-ering half a million of gallons dai­
ly, $1,750, and when d-elivering a million gallons, $3,000.

f operatino- andThe difference in the annual expenses o o•. maintenance will be about $4,0CO in favor of the nver 
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plans wheu the works are first 1:,tarted, and $6,000 when 

they are delivering a million of gallons daily. These sums 
represent the interest on $55,000, and $E5,000 respective­
ly ; and in making tlte comparison of the cost of the sever­
al plan!;, one or the other of these sums should be cl,arged 
against the first and fourth plans. 

4. TIIE PERMANENCE OF THE POllP!NG llACHIXERY. 

The works proposed for the first and fourth plans arc, on 

the whole, less liable to accident and injury than the two 
other plans. The strain upon the machinery nnd pipes 
while working arc much greater in the first plan, and fu. 
turc enlargements of the wharfing in the harbor may com­
pel the construction of a new pier and supply conduit further 
out in the Lake. 

The dam and works at the river in the second and third 
plans are provided against the cffoct of the greate!lt floods 
and the plans of the pumping machinery arc arranged of 
great strength, and dnplicated so that but little danger of 
interruption is t,nticipated. 

Th_e formation of ice about the pumping machinery is
provided against by a heating apparatus in the wheel pit, 
and the same provision is made in the pump room on the 
first plan. 

lJpon a consideration of the whole question the perma­
nency of the works may be considered as about equal in all 
of the plans. 

5. CONNECTION WITH PRIVATE INTERESTS. 

In the first, third and fourth plans the works will be en· 
tirely independent of private interests.

The second plan contemplates an arrangement with the 
water proprietors by which the City obtains a preference

• 
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in the use of the water power to an extent equal to the ut­

most anticipated requirement, and the right of diversion of

an ample supply of water for any possible wants of the City.

If this agreement is consumated between all of the par­

ties interested, it will entirely protect the interest!'; of the

City and prove mutually advantageous to all concerned.

If the other proprietors should fail to perform their share 

of the repairs of the dam and bulk-head, the extra expendi­

ture would not be of much account for many years.

Upon a car0ful consideration of the whole subject of a

water supply for the City, I do not hesitate to recommend 

the adoption of the second proposed plan, if a fair and equi­

table arrangement can be made with the water proprietors,

and if not, that the third plan shall be adopted.

The drawings which I have made to enable me to �re·

pare and estimate upon these se,eral plans will lie copied 

and forwarded to you. 

Respectfully submitted, 

WM. J. McALPLNE,

Civil Engineer.
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DISTRIBUTIONS. 

�In Street. l'BOM TO I Sxzi: o:r PIPE, I FROM. LAX.£ rR. nrvEn. North &c., Pumps, aough Res 10 Dlam.(L Diameter. Pumping Main. 
., 
.. Water, 3 
.. Malden Lane, A Malden L., 4 (L) Gough, ....••..... 3 Ch�plain, Monroe, Pearl, Locust, Pearl, William, Cherry, Champlain, Bank, Church, 

eou?.gc, Fro1!�' 
.. Champlain, 
" St. Paul, 
.. White, 

,rom oo- � 

I
"""'�• Main, Old Pipe, KJng, Water, South 0 Adam�, Church, In Streets north of North Water, Champlain, Locust., Winooski Av., Malden Lano, Gough & Green, 

,, fl 

.. .. Green, WtUJams, \Villard, Maiden Lane, Whi(Al, Locust, 
c�!11'ch, 
.. 

" 

North, 
..

..

..

..

..

.. Main, College, Old "!;ipe. North, Pearl. North, 
Pearl, M&in, King, College, St. Paul, Pearl, Alnrry & George North, Pine, Pearl, 

Water, Front, Elm, 

College, Dank, North, College, South, Cherry, Pearl, Adams, 

George, "- (L) 3 " 4.(L) Church, 3 Gough, Whi::e, ........... 8 4(L) 3 6 (U) r 4 tL) 3 Gough, 6 (U & LI -Champlain ........... 4o St. Paul, , ........... 6 White, ........... 18 Green, ........... 110 Green to rs 8 fg/ 10 Willard, 3 ( 3 St. Paul, i (L) 3 " i (L) a Union, 4 (L) 3 Street. 1 block nor 2 u u 2 N&NE, 1 .. 2 blocks N, College, l\bin, College, Main, l\tain, MapJe, Old Pipe, College, Pearl, Main, Ii.lug, 

<l(L) 3 
!ii 

3 3 4 L 8 4 L 8 8 -.. ......... 4 
........... 6 

Hm 
4 4 
a 

4(L) 3 4 (L) s• 10 • (L) 3 
........... 
........... 

8 (LI O�L Ada�, 4 L ........... 4 ) ···········South, 4 L 3 

5ii-, IJL .. : .. I (L) I College, ,8 • �L) 4 South, 6 (L 6 Ono block, i (L j3 Main, 4 (L) 3 College, .4 (L) 3 Spuce, ;t (L) ,3 

Supply Main. 
Supply Main. Supply Main. 

0 " 

.. " 

.. .. 

Supply Main. Supply ll[aiu. 
•Supply Main. 
. ., ,, 

.. .. 

" .. 

Supply Main, 
Supply Main. 

fl u 

•NoTE-The letter "L" appenclcd to the size of the pipes In tho column headed "from the Lake" Indicates that the sup1ily o! water will be distributed under the head of the Lower Reservoir except when tho Pumps are run to fill I.he upper Res ervoir. These pipes to deliver the same quantity of water must therefore be as much larger as tho difference in head viz. as the sqnn.re root of 200 & 300. The thickness o! these pipes must be sufficient to resist the head of walAlr from th· upper Reservoir. 

• 

Stop Cocks. At Pumps at Lake 
.. " "River, f' lower Reservoir, n upper Reeeruoir. " corner o! College and Green, " " of College and Williams. " corner o! College and Willard, " corner of College and Whl tc, "corner of College aud Church, " corn<,r of College and St. Paul, ·• corner of College and Pinc. " corner of College and Champlain. "corner of College and Water. " corner or College and }'rout. "corner of Church and Main. " corner of Church and A<lams. •· corner of Pearl and Gough. " corner of North and Malden Lano. " corner o! North and Winooski Av. " corner of Pearl and White. 
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Size of Pipes, 10 8 10 & 8 8 6&8 4 
a, 10, 8 & 6 

4&3 do. 
0 & 4 8 & 4 
4&3 do. do. do. 0 4 & 3 do. 6 

Inches From Lake. 10 18 8 8 
6 
4 4 
4 8 4 4 4 4 G 4 
8 6 

110 

River, 
8 16 
0 4 
3 18 3 
3 6 
4 3 
3 3 3 3 
6 G 98 

HYDRANTS AT THE CORNERS OF THE FOLLOWING STREETS. 
Green and Main, Green and College, Green and Pearl. Green and North. William and Main. William and College. William and Pearl. Willard and Maple. Wlllard and lllain. Willarcl and College. WUlard and near Pearl. Union and Adams. Union and Milin. Union and College. Malden Lane and Pearl. Maiden Lano and North. Maiden Lano and end of pipe. Winooski Avenue and North. Wlnoo8kl A venue and Pearl. White and College. Locust snd end of pipe. Locust and North. Locust and Pearl. Church and Cherry. Church and College. Church and King. Church and Adams. Elm and Spruce. St. Paul and Pearl. 

St. Paul and Bank . St. Pan! and Main. St. Paul and South. North and Murry, George and A. Pine and Cherry. Pine and College. Pine and King. Champlain and end o! pipe . Champlain and North . Champlain aud A. Champlain snd Pearl. ChampMn and Bank. Champlain and Main. Champlain and Maple. Champlain and end or pipe. Waler and end of pipe. Water and A, water snd Pearl. Water and Cherry. water and College. Waler and King. water and end o! pipe. Front and Nortb. Front and A. Front and Pearl. Frout and Cherry. Front snd College. 57, &&Y GO. 
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FIRST PLAN-SUPPLY FROM TUE LAKE. 

SPECIFICATIONS. 

FOUNDATION PIER IN THE LAKE. 

A crib of l�O by 80 feet is to be sunk in the Lake at 150 
feet from the wharf lino and connected with the wharf by a 
crib 150 feet long and 15 feet wide. The lop of the crib is 
to be six feet above the level of the water. These cribs 
will be twenty feet wide at the l>oltom and eighteen feet 
wide at the top. Below water they will be forme<:l of four 
courses of Pinc dock logs, not less than six inches diameter 
at the small end, and tics (\f the same size, seven feet apart 
bolted at each intersection. 

A floor will be laid of similar logs at two feet abo,·e the 
bottom. Above the l<wcl of the water the face of the dock, 
will be of squared white pine timber and the rear and tics 
as before mentioned. The face sticks will be bolted at each 
end and at spaces of not less than fifteen feet apart. 

The whole is to be filled with stone, with a coating of 
graYel one foot deep on top. A well chamber ten feet 
s�uo.re, extended to a depth of ten feet below water, and 
with an opening to the west front of the crib of the same 
a�zc, shall be built up to the level of the water, with square 
timber and. a floor of squared sticks twclYe inches deep and
planked with two inches pine plank. Above the level of 
the _w�tcr th.e well chamber shall be carried up of masonry.

Sim1lar cnbs shall be put in under the Engine and Boiler 
an.d for the wharf extending to the shore. Piles shall be
dnveu to give additional support to the chimney, Engine, 
etc. The piles are to be driven at three feet apart to 11, 

depth at least ten feet into the Lake bottom, and to be not 
less than seven inches diameter at the small end.
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The floor of tho Engine, Boiler and coal houses is to be 
made of Pinc timbers 40 feet long, 12 inches square, 
placed on ani l.iolted to the piles and cover:d with three 
inch pine plank. 

The Roadway on the Pier and that leading to the shore is 
to be covered with gravel one foot deep. 

2. E:SOINE HOUSE, BOILER AND COAL IIOUSE. 

The Engine and Boiler house will be of Brick, 40 feet 
square and 20 feet high to the spring of the rafters, with an 
iron framed roof, covered with slate. 

The fouudation walls will be p!aced at the level of low 
water and c1rricd up with the strne to the cut stone water 
table placed at eight feet above the water. The walls will 
be two and a lu\lf feet hroad at tho bottom and two feet at 
the \up, made of large, well shaped and bonded stone laid 
in Ilydraulic cement morter. 

Similar foundation walls shall be laid under the Engine 
and Boilers, around the pump, well and under the party
wo.11. 

The walls of the buildings will be lo.id up of smooth hard
brick, in hydraulic cement fourteen inches thick, viz : an
outside wall of twelve inches, an air space of two inches

and an inner wall of fou{· inches, well bound into the outer
wall. Above the caves the gable walls will be ten inches
thick. All the face brick will be pressed. 

The party wall between the Eng·inc and Boiler rocm will

be eight inches thick furred cut and plastered. There will

be two doors in the Engine and one in the Boiler mom,

each six by nine feet, with an arched door light, and three

small doors and sixteen large windows, besides two semi­

circular ones iu the gable ends. All of the doors and win­

dows shall have cut stone caps and sills. 'l'hc windows are
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to be glazed with heavy plate glass 12x 16, set in balanced 
sash. The doors are to be hung with heavy strap hinges, 
latches and locks, and in front a platform and steps of cut 
stone. 

A floor is t<> be laid over head in the Engine and Boiler 
room, and the walls and ceiliugs are to be furred out lathed 
and plastered and .finished with a while hard finish. 

Furnace, heating pipes, and registers arc to be put up in 
Engine Boom and Machine Shop. 

3. CIDMNEYS, 

The chimney will be 60 feet high above the flue entrance, 
supported by 40 piles as bE'fore mentioned, wihch are to be 
covered by a timber platform of 15 feet square, composed 
of timber 12 inches square and plank two inches thick. 
The chimney shall be laid up with best hard brick, wi1h 
two flues, each of 500 square inches area. An air space 
shall be built around these flues aud the two walls will 
be banded together. The top of the chimney to be neatly 
finished off and surmounted with a coping of cut stone. 

4. Pl,'l!PI!,G MAIN TO THE lCAIN LAND.

The crib to sustain this pipe will be 15 feet wide and 150 

long and made as described for the other cribs. 
The box containing the pipe, shall be six feet square, the 

bottom placed 1 foot below low water, of 3 inch pine plank, 
spiked to dock sticks which must be flatted for that pur­
pose. 

'fhe pipe will be laid in the centre of this box and the 
box filled with Charcoal, Tan Bark or some other suitable 
non-conducting material. 

5. ENGINE A!i'D PUMPS. 

The Engine and Pumps will be W ortbington's improved 
condensing Engine with expansion attached and a sufficent 
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power to elevate one million of gallons of water per day, 
viz: 150,000 gallons 200 feet high through a pipe 10 inches 
in diameter, 6,000 feet long with steam not exceeding 20 
pounds per square inch on the steam piston, and250, 000 gal. 
Jons through the same pipe and another of 8 inch diameter , 
4,000 feet long, into a reservoir 300 feet above the Lake. 

Any other steam eng-ine and pumps of a design approved 

of by the engineer which will perform the above duty, at 
no greater cost of running, may be substituted. Or, the 
work may be done with two engines, the upper one being 
placed at the lower Reservoir and the pump draw its water 
from either the pump main or the Reservoir, (which ever 

has the most pressure) by a self acting valve. 

In all cases the engines and pumps must be calculated to 
perform one-third more duty than above stated to allow for 

their being sometimes out of repair. 

A duplicate non-condoncing engine and pumps shall be 

provided capable of delivering half a million of gallons in 

24 hours into the lower Reservoir. 

6. A COAL·IIOUSE 40 FEET SQUARE AND 20 FEET IIIGH 

to the eaves shall be built of wood on tho crib, made of 
very heavy timbers, and firmly girted, braced and secured 

to i-esist the pressure of the house full of coal ; the roof to 
be slated. 

1. PUMPING :MAIN, 

That portion of the Main to an elevation of 100 feet above 
the Lake shall be 10 inches interior diameter and 1-8 of
an inch thick. That portion from 100 to 200 feet above the 
Lake shall be 1 O inches in diameter, and 3-4 of an inch thick,
and that portion from 200 feet above the Lake to tho upper

3 
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Reservoir shall be eight inches diameter, and 5-8 of an inch 

thick. There shall ho inserted throe check valves with an 

air chamber at each, and a check valve on the end of the 

pipes into each Reservoir. 

There shall be a waste pipe with a stop cock placed at 

the pumps with a branch pipe, stop cock and air chamber, 

.at the lower Reservoir, and also one in tho 8 inch pipe near 

the same, also a stop cock and chamber at the upper Res­

ervoir. 
8. LAYING PIPES. 

The trenches of all the pipes shall be dug so as to cover 

the pipes with at least 5 feet of earth in tho shallowest 
places, and on regular grades so arranged that there 

shall be no part of the pipes which will not drain off, and 

no crowning places for the air to gather in. The pipes shall 

be laid on straight lines and when required, with the lar· 

gest curves. The earth under and alongside of the pipes 

shall be selected of the best material, and rammed in firmly 

so as to secure an even support. The remainder of the 

trench shall be carefully and evenly filled so as to produce 
no unequal settlement. 

'l'he joints of the pipe shall be made by inserting a gas· 
ket and packing it well and a rim of clay rope around the 

end of the socket, and filling the joint with most ductile 

lead and caulking the same. 
The stop cocks shall be set in wooden boxes with Iron 

covers. 
9. RESERVOIRS. 

The Gough Street Reservoir shall be made in two Divis· 

ions, each containing 8 millions of gallons, and the Univer· 
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sity Reservoir also in two Divisions, each containing 4 mil­

lions of gallons. But one Division of these Reservoirs will

be built at present, but the works will be arranged with 
reference to the future use of both Divisions. 

The enclosing banks will be finished off with 16 feet 
• 

width of top, slopes on both sides of 2 horizontal to 1 ver-
tical, and carried up 4! feet above the surface of the water 
on the front and 3! on the rear. The water will be 12 feet 

deep but arranged to be filled up at certain periods to 13! 
feet depth. 

The excavation will be made of such depth as to furnish 
just enough material to form the banks, ( exclusive of the 

puddling unless the excavation is suitable for puddling,) 
and will be dug to such depth as will allow the puddling in 

the bottom to be Ii\- feet thick, and covered with 4 inches of 
clean gravel 01· coarse clean sand. The excavation will 
also be widened so as to gi vc room for the side puddle walls, 
which will be 12 feet wide ( on a horizontal line) at the bot· 
tom and 6 feet wide at the top, and will be carried up to a 
level 1 foot below the top of the bank. These puddle walls 
will be faced with clean gravel 1 foot thick, ( at rig·ht an­
gles to the face of the bank.) A slope wall will be laid on 
the inside face of the banks, commencing at a level lz feet 
below the top of the bank and carried down to a level 7 t
feet below it, where it will rest on a berme of four feet in 
width. 

The wall will be laid with the stones at right angles to
the face of the bank and made one foot thick. The stone 
to be of good well shaped paving stone, and well bedded in
clean sand. 

The rear slopes, top and inner border to the slope wall of
the banks, shall be turfed with good sods, or the soil from



36 

tho excavations shall be saved and put on the above sur­
faces and sowed with cluver and grass seed. The soil un­
der the embankment shall be removed and the surface of 
the natural ground rendered loose so that the embankment 
will unite closely with it. 

The embankment shall be cade by selecting the most 
impervious materials and placing them adjacent to the pud­
dle walls, and the stone and more pervious material in the 
outer portion of the bank. 

The side pu ddle walls shall be carried np evenly with the 
adjacent embankment, and the embankment shall be put on 
in regular layers of a foot in depth and kept nearly level in 
all directions and with no breaks or slopes ofless than 4 to 1. 

When the bottom of the Reservoir is of an impervious 
material, it shall be ploughed up very deep, the stones 
ta.ken out and the material puddled and covered with clean 

gravel. 
The puddling shall be done as follows: 'l'bc material

shall be formed of not less than one-fourth part of clay, nor

more than three-fourths of clay or loam, and the remainder

of fine gravel or coarse sand. 
It shall be laid on in regular courses of six inches m 

thickness, and then wot throughout, being careful not to 
use too much water, so as to �ake the mass like jelly. It 
is then to be cut and cross cut with spades (not shovels) 
until the whole mass is thoroughly incorporated together. 
A succeeding course must not be put on until the first one 
bas properly set--and as soon as it is set, it must be cov:r· 
ed with a layer of earth to protect it from sun checking. 
No tea.ms must be allowed to cross the puddle unless when 
it is covered with a foot deep of earth. 

The supply main shall be canied into the reservoir ten 
feet beyond the foot of the bank and turned up by a quad· 
rant pipe tu three feet above the bed of the bottom, whore 
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the pipe will be expanded by a bell mouth of tw,ce the di­
ameter of the pipe, and covered with a spherical scre11e of 
heavy copper wire, and tbe whole set in a wooden box ( an­
chored) with an opening in front, protected by wooden 
grating. The distribution pipe will be arranged in the 

same manner. 
An iron drain pipe of eight inches diameter, provided with 

a st<'p cock and chamber, shall be laid from the lowest cor· 
ner of the reservoir to the outside of the bank, and thence 
by a glazed tile drain pipe of tLe same size to some suitable 
place to waste the water. 

'l'hc Reservoir shall be enclosed by a picket fence of five 
feet Light, with suitable gates and locks. 

10. DlSTRIBCTION. 

The pipes shall be laid in the several streets, of the sizes 
named and given in the annexed schedule, and in the man­
ner described in the 8th specification. 

The City will be divided into three water districts by lines 
of stop cocks on the north side of College street and on the 

east side of White street. 
The stop cocks will be set in wooden boxes with an iron 

cover at the grade of the streets, lettered on top "Burling­
ton JVaie1' Wo1'ks, 1866." 

Sixty hydrants will be placed at the street corners stated 
in th� annexed schedule, each of which will be connected 
with. the street main by a four inch pipe . IIydrants or 
blow oil' cocks will be placed at all of the dead ends and at 
four of the lowest pipe ends. The dead ends will be capped. 

The pipes which will have more than 150 feet bead, will 
be tested with a pressure of 300 pounds per square inch, 
and those of less than 150 feet head, with a pressure of 200 
pounds per sq Ul\re inch. 

Wrought iron pipes lined upon the outside and inside 
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with hydranlic cement, may be sulistituted for all of tbA dis_ 
distribution pipes. Tho metal for pipes of more than 150 
feet head, shall be of No. --- sheet iron, and of less than 
that head, of No. --- sheet iron. 

When complete, the pipes may be tested by a direct 
pressure of a head of water equivalent to 500 feet above the 
Lake. 

SECOND PLAN. 
SPECIFll!ATIONS FOR THE SUPPLY FROM TIJE Wl:\'OOSKI RIVER. 

1. DAM ACROSS TnE RTYER. 

The dam will be located at the reef of rocks - feet above 
the old dam and it will be raised to a level ten feet above 
low water, or to give 16 feet head abo'\"e tho lower mill 
pond and allowing for back water, will give at all times 
not less than ten feet head of water. 

Tho dam will be commenced by laying an apron l 2 feet 
wide, just below tho reef, by bedding four timbers in the 
rock across the stream and bolting them to the rock, and 
covering them with three inch pine plank well spiked 
and filling the spaces between and below the apron timbers 
with stone. Th� timbers must be flatted to a thickness of 
12 inches and tho bolts will be put in one in every ten feet, 
length of each timber, and long enough to penetrate the 
solid rock, at least one foot--and secured by a fox tail
wedge or if practicable by leading and a screw and nut on 
top. 

Tho rock will be trenched out to receive these timbers or 
if two low it will be built up under them by large heavy 
stone. The front of the dam will be built up on a batter of 
an inch to the foot, resting on and bolted to the apron and 
the rear slope formed of plank laid on a slope of 2 to 1 and 
spiked to the purline plates. 
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The base of the dam will be formed by beddin; 4 longi · 
tudinal timbers in the rocky reef across tl1e river as before 
described, upon these will be erected bents of pine timber 
at every six feet co11sisting of one sill of 10 by 12 inches 
locked into and bolted to the stringers, and a cap of the 
same size formed to gi vc the top slope of 2 to 1. 

The front posts will be 12 inches square and the other 
three 10 inches square, framed into the caps and sills, so as 
to be at right angles to the face of the dam, and uraced to 
the caps and to the longitudinal sills. Twelve purlincs 
of 6 by 12 inches will be notched into the caps and bolted 
to them at tl10 ends and middle of each perline. 

The covering plank will be of white oak 12 feet long 8 
incites thick at the upper end and 3 inches at the lower end, 
and spiked to the perline with two spikes at the upper and 
lowrr ends and one at each crossing. TLe lower section 0f 
plank will be of pine 3 inches thick, bolted in the same 
manner. 

In the lleepest part of the r.hanne:I, a discharge cornluit 
will be built of two orifices, each of 2 by 3 feet, formed by 
square timl,er of 12 by 12 extending entirely tl1rough the 
dam and covered at the upper end by a scutile gate of 3 
inch oak plank resting on the planking of the Jam, with a 
gate stem of 4 by 8 inches, extending to witliin one foot 
of the ridge and bolted to it. 

The lower face of the dam will be planked with 3 inch 
oak plank, spiked to girts framed into the lower ends of the 
bents. 

The upper toe of the dam shall be secured by concrete 
masonry, laid in such form as will make it water tight. 

The whole dam will be filled up solid with stone laid in 
the form of a dry wall and very compact and packed close 
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around, and under all of the timbers, and before tho upper 
comso of oak plank is put on tho water shall be o.llowed to 
rise and flow through tho dam, and gn.wol shall be filled in 
as I.mg as the water will wash the gravel into the stone 
filling. 

When the dam is complete, a bank Qf gravel shall be 
filled in on a slopo of 6 to 1. At the west end of the dam, 
a trench shall be excavated 20 feet wide and to the level of 
the lowest part of the bed of the stream below the dam, in 
which will be placed a bulkhead of stone masonry laid in 
hydraulic cement. The ea.st wa.11 will be 25 feet long by 
10 feet wide on tho botto1 and carried up 8 f,•et above the 
top of the dam. Tbe cast side shall be recessed so as to con· 
nect it firmly and in a water tight manner with the dam. 

Posts shall be let into the face of the masonry and firm· 
ly bolted, on which shall be spiked feuder plank to protect 
the face of the wa.11. At the head of this stone pier shall 
be placed a triangula.r crib of timber filled with stone for 
an ice breaker and protection. At the lower end will be 
built a wall for the tail rnce, of hca,y stone laid dry. 

The west wall of the bulkhead will correspond with the 
cast one, but will be partly formed of the natural rock, 
and it will be made to flare more open above the line of the 
dam. 

In both walls and on the rock bPlow throe r ecesses shall 
be made! the upper one t.) receiYe the screens, the second to 
receive the regulating gates and the third 01w to form the 
lower end of a foreliay. 

These recesses on each side shall be formed of cut stone, 
giving a shoulder of one foot. The walls shall be laid up 
of well shaped large sized sound stone, the stone carefullv 
bedded in mortor, made of one part best hydraulic cement 
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and two parts of pure clean coarse sharp sand. The walls to 
be coped with cut stone. 

The �creens will be composed of oak timbers 8 by 12, viz: 
a cap sill, five posts and:two girts. The screw of 2 by 6 inch 
plank set edgewise. The frame will be bolted +.o the wall 
and lot into and made water tight in tho rock at the bottom. 

The gate frame shall be secured in tho same manner and 
made of the same kind and size of timber. The corner 
posts will be 12 inches square, and tho gate posts 8 by 12 
with a girt framed in at about 3! feet above the bottom, 
t�e remainder of the face shall be planked up with 2 inch 
pme plank. 

There will be seven gates of Cast Iron, each 2! by 3! feet 
set in a faced frame of Cast Iron. The gate stems will be 
of Wrought Iron 2! inches in diameter, with a screw and 
wheel crank to work them at the top, but two of these 
gates will be put in at present. 

At the lower recess a frame of oak timber will be put in 
the same as tho gate frame, with posts and girts to suit the 
flume leading from it and an iron screen placed in front. If 
other parties arc to use the water from the bulkhead, a par· 
tition of timbers and plank will be placed between the gate 
and lower frame, to make an independent forebay. 

The cast end of the dam shall be secured to the natural 
rock and to a wall of masonry with a return wing. 

. If the water power is used by other parties on the east
side of the river, the da.m wi.ll be connected with their bulk­
head as described for the west side. 

2. FLUME OR RACE·WAY A:-0 FOREBAY.

A flume of six feet interior diameter shall extend from 
the bulkhead to the wheel house which it is assumed will 
be within 500 feet below the daU::. The flume will be form· 
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ed of staves of white pine plank, clear stuff, 2! by 3 inches, 
curved and bevelled to the arc and radial lines. The hoops 
will be placed 12 inches apart, of the best, No. - Iron and 
provided with gibs and keys. 

The flume shall be laid as nearly straight as possible 
and the rock excavated, or a wall raised to bring it to the 
proper grade. 

The forebay shall be 12 feet square on the inside and 20 
feet high. The foundation shall be of pine tiruber, 12inches 
square, closely bedded to the rock and covered with three 
inch pine pla11k well spiked. 

The frame shall be made of pine timber, posts caµs and 
girts all of 12 inches square, and tied with 12 rods of 
wrought iron of 1� inches diameter, (six in each direction.) 

It will be planked on ilie outside (to preserve the frame 
from decay), with 4 inch pine plank for one-third of the 
heighth ; 3 inches thick for the next one-third in hight and 
2 inches for the upper one-third in heighth. 

The foundation and frame of the forelmy will be extend· 
cd, and form the frame for the water wheel and pumps 

3. WATER WHEELS A.1''1) rUl!PS. 

The water wheel shall be a turbine of Boydens, Tylers, or 
some other pattern approved of by the Water Committee, 
and which shall practically work up to within twenty per 
cent of the theoretic power of tho water. 

The framing for the wheel will depend upon the kind of 
wheel used, and shall be made unusually strong, and well 

braced to the forebay and covering building. 
The wheel pit is to be built so as to put a water wheel on 

each side of the flume, each of which are to be ·attached to 
an independent set of pumps, but so arranged that each 
wheel can be attached to the opposite set of pumps. 
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The first wheel is to be large enough when working at 
ene-half of the theoretic power of the water to elevate half 
a
.
million of gallons per day, through a pipe of 8 inches

drnmeter, 5,000 feet long into a Reservoir at an elevation of 
300 feet above the Lake. 

The second wheel to be of such size as when working at 
75 per cent of the theoretic power of the water, it will ele­
vate twice as much water as the first wheel, and with buck­
ets so arranged as to use but one-half of the water when so 
desired. But one of' these water wheels wm bo put in at 
present. 

The Pumps will be in pairs, two for each wheel and dri_ 
ven by speer geering from tho water wheel shaft, speeded 
to give a motion of 150 feet per minute to the water. 

�he frame or harness of the wheel and pumps will Le of 
white oak timber 16 inches square, the caps of sufficient 
length to extend across the forebay and form a foundation 
for the pumps. 

Tim cross caps will be facc•d with a cast iron plate, turn­
ed OYer on the upper corner with wings extending 2! feet 
along the side plates, and the same distance clown the posts, 
and well bolted thereto, so as to give great firmness to the 
frame. This plat<; shaJI be fitted to receive the journal box­
es of the wheel shaft and two pump shafts. 

. The wheel and pump shafts shall be of wrought iron 6 
inches in diameter, the former 20 feet Jon"' and the two lat-

o, 

!or each 12 feet long and set in a heavy ca�t iron step 
olted and braced to the girts of the harn ·ss. 

. The motion will be given to the pumps by a steel crank
Pill set in the arm of the speer wheels ou the pump shafts. 

A heavy cast iron bed frame will be placed on the harness-
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cap, of sufficient length and width to carry the pumps of 
both water wheels and the valve chamber, connecting pipes 
and main between them. 

The bed frame will be made iu two sections, one for each 
set of pumps with flanges arranged to bolt them together. 

Each pump will have its own suction pipe of 10 inches 
diameter, extending into the fore-bay to a depth of 8 feet 
below the level of the top of the dam, with a rose piece and 
check valve at the bottom, and another valve near the pump 
chamber. Near the foot of each pump will be placed the upper 

valve, and a connecting pipe between them with a branch 
leading into the pumping main, another to the second set 
of pumps, and a third one for waste, which will be fitted 

with a stop-cock. 
The pumps will have a chamber of 14 inches diameter, 

and a plunger of 9 inches diameter with 3 feet length of 
stroke. 

The guide frames will be of cast iron and connected for 
each pair of pumps. 

The connecting rod of the pumps shall be of wrought 

iron 3! inches diameter, and trussed with rods of one inch 
diameter, and provided with a gib and a. key, and adjust· 
ment for lengthening or shortening the rod. The speer wheel 
shall be provided with an arrangement for altering the 
crank pin to shorten the stroke to two feet instead of three 
feet. The suction pipes, valve, chambers, connecting and 
waste pipes, and supply main shall all be faced and accu­
rately fitted so that each piece may be used for either of 
the set of pumps. 

The cast and wrought iron for the pumps and pipes, ex.

cept the lower section of the suction pipe, and the upper 

section of the pumping main shall be of the best Charcoal
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iron. The valves and the lining of the journal boxes shall 
be of composition metal, and the valves, seats and guides 
shall be faced and planed. The plunger, crank pin, con­
necting rod and truss bolts shall be turned and polished, and 
all of the iron except the bright work shall be painted with 
three coats. The suction pipes shall rest on a frame of 
wood, framed into the forebay timbers and supported by a 
post under each pipe. The rose piece shall be expanded and 
bolted to the frame. These pipes will be enclo\ed in a wood­
en box with gratings of wood on top. 

4. PUMP HOt;SE. 

The foundation walls enclosing tho forebay and wheel 
pit shall enclose a clear space of 26 x 36 feet with an 
arched opening for the tail raceway and a swinging grate. 

The walls shall be two feet thick at the bottom and 18 
inches at the top, and carried up to a level of two feet above 
the top of the dam, and shall be formed of well shaped stone 
laid.as coarse rubble, in hydraulic cement mortar. 

The upper story of the pump house shall be of brick 26 
x36 feet, and 12 feet high to the spring of the rafters. 

The house shall be built as before described for the en­
gille house. 

5. rusrno YATN.
Shall be of cast iron 8 inches interior diameter, ! of an 

inch thick where it has more than 200 feet hea<l of water, 
� of an inch when it has less than 200 and more than 100 
feet head, and half an inch thick when it has less than 100 
feet head. 

There will be 3 check valves and air chambers, and a 
stop-cock at the Reservoir. 

The specifications for the pump main from the Lake will 
be applied to this main. 
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6. t:NIVERSIT\' RESERVOIR. 

Tho University Reservoir will be built as before describ­

ed, but large enough to contain ten millions of gallons in 
each Division with 13! feet depth of water. 

Tho pump main will enter the cast side of tho Reservoir 

and be extendPd across and connect with the distribution 

main on the w,cst side of the Reservoir. A stop-cock will 

be placed in this connecting pipe. 

Tho arrangement of the pump main distribution pipe 

and drain pipe at tho Reservoir will be as before described. 

7. DISTRIBGTION. 

The pipes shall be laid as before described, a.nd of the 
sizes named in the several streets in the annexed schedule. 

The City will be divided into three water districts by lines 
of stop-cocks on the north side of College street and on the 

east side of White street. 




