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WITH DISCUSSION.

On June 21st, 1888, the Hon. Wm. B. Kirk, Mayor of the city of
Syracuse, N. Y., appointed a commission to select the best avail-
able source for furnishing an abundant supply of water for public,
mechanical and domestic uses. At that time a small portion of the
city was supplied with water from Onondaga Creek by the Syracuse
Water Company, and with spring water by parties who sold it by the
gallon, delivering it in bottles and from tanks. Rain water was col-
lected on roofs and stored in cisterns for laundry and other purposes.

The Commissioners engaged J. J. R. Croes, M. Am. Soc. C. E., to
take charge of the investigation, and the author was appointed his
principal assistant. After a thorough investigation of eleven different
sources, Mr. Croes recommended ‘‘the water of Skaneateles Lake to
be 80 far superior to all the other waters examined that it should be
obtained for Syracuse if it could possibly be secured.”
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Skaneateles Lake is situated about 19 miles southwesterly from Syra-
cuse and at an elevation of 466.40 ft. above the Erie Canal at Syracuse,
or 867.096 ft. above mean low tide at Albany, N. Y. The lake is 15
miles long and generally about 1 mile wide, with an area of 12} square
miles. Its greatest depth is said to be about 350 ft. Its shores are
bold and free from vegetable growth. Its water-shed is steep and
narrow, with an area (exclusive of the lake) of 60.28 square miles, the
crest line of which ranges generally from 500 to 1100 ft. above the.
surface of the lake.

The following table, taken from Mr. Croes’ report, gives the results
in parts per 100 000 of the chemical analyses of Skaneateles Lake
water as made by Professor H. H. Cornwall, Charles Harrington,
M.D., and Professor Elwyn Waller:

By Cornwall, By Harrington,| By Waller, I
September 7th, November 12th,| November 23d, Average,
1888, 1898. 1888.
Solids, volatile........... 0.300 2.800 1.700 1.600
“ fixed......evcneeeen 12.200 11.800 10.300 11.433
Total solids........... 12.600 14.600 12.000 13.083
Hardness, temporary..... 6.40 | L.eiieiiiiieas 9.80 7.95
‘o permanent..... 2.90 | cieeeriiiienen 0.71 1.80
Total hardness........ 9.30 8.00 10.21 9.17
Bulphates.......ccoooeiiinef tiiie seniinan 0.497 0.497
Nitrates Cee 0 000 0.000 0.068 0.023
Chlorine vees 0.430 0.810 0.319 0.383
Free ammonia............ 0.0040 0.0034 0.0030 0.0035
Albuminoid ammonia.... 0.0080 0.011% 0.0042 0.008v
Oxygen consumed........ 0.06 tesecriesnnees | seenresienannn 0.06

In December, 1888, biological examinations were made by Charles
@G. Currier, M.D., of New York City. In 1 cu. cm. of Skaneateles Lake
water he found 21 living bacteria; in Onondaga Creek water, 491;
and in the Croton water supplied to New York City, 673. He reports,
‘“ although a large number of living bacteria need not in itself give
sufficient ground for pronouncing a water objectionable, still, the
fewer bacteria present, the nearer is the water to the ideal of excel-
lence,” and that the bacteria in Skaneateles Lake are ¢ of an entirely
harmless character.”

In June, 1889, the citizens of Syracuse, at a special election, de-
clared almost unanimously in favor of Skaneateles Lake water and
municipal ownership. A water board composed of six members, three
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from each of the two principal political parties, was then appointed
by the Mayor, as authorized by Chapter 291 of the Laws of 1889.
This board was ‘“authorized to acquire, construct, maintain, control
and operate a system of works, with water from Skaneateles Lake.”
The author was appointed chief engineer, and associated with him as
consulting engineer was Howard Soule, M. Am. Soc. C. E., to whom
the author is much indebted for invaluable aid and counsel.

The old water-works were owned and operated by the Syracuse
Water Company, and consisted of a pumping station, three reservoirs,
and 394 miles of street mains, 70% of which were 4-in. and 6-in. pipes.
The main supply was pumped from Onondaga Creek into a distrib-
uting reservoir, this supply being slightly increased by water from
springs flowing directly into the reservoir. The flow line of the reser-
voir is at an elevation of 108 ft. above the canal. The pumping plant
consisted of one Worthington compound duplex condensing engine,
with a capacity of 10 000 000 galls. daily, and two Dean compound
duplex condensing engines, each with a capacity of 3 000 000 galls.
daily.

The city then had a population of about 90 000, with 172 miles of
streets and only 393 miles of water mains. Furthermore, the water
furnished was quite unfit for either domestic or manufacturing pur-
poses, and afforded a very inefficient fire protection.

Skaneateles Lake is a feeder of the Jordan level of the Erie Canal,
this supply being controlled by sluice gates in the state dam at the
foot of the lake. On the outlet between the lake and the canal, a dis-
tance of 9 miles, there are 256 dams, furnishing head to wheels with a
capacity aggregating about 3 000 H. P.

In addition and preliminary to the new works proper, it was neces-
sary to acquire the water power rights on Skaneateles Creek, also the
plant of the Syracuse Water Company, and to meet the requirements
in the law authorizing the city to take water from Skaneateles Lake, it
was necessary to increase the storage capacity of the lake sufficiently
to store therein the ordinary flow of its water-shed.

The storage capacity of the lake was increased by removing the old
dam, which was 9 ft. high, and rebuilding another, 17 ft. high, with a
spillway 2 ft. higher and foundation 6 ft. lower than the old structure,
and by lowering the bed of the outlet to conform to the new grade
made necessary by lowering the gates of the dam.
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The new dam is 145 ft. long and built of rubble masonry with a face
of broken range ashlar, on a platform constructed of sawed hemlock
timbers 10 x 12 ins., bedded in clay and concrete and covered with 8-in.
planking. A general plan of the dam, with sections through the bulk-
head and spillway, is shownin Fig. 1. Extending through the masonry
are six rectangular cast-iron sluices, each having a clear opening 3

Fia. 2,

ft. in width by 8 ft. 9 ins. in height. The upper end of each is fitted
with a brass-faced frame in which slides the cast-iron sluice gate, oper-
ated by a hand wheel attached to the 2{-in. screw stem. Details of
the sluice and gate are shown in Fig. 2.

A frame gate house, 9 x 32 ft., was built on the dam. The gates
control the flow of water in the outlet to supply the canal, and will
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permit of the lake being drawn down 17 ft. below its new high water-
mark.

A coffer-dam inclosing the westerly end of the old dam was con-
structed of two rows of machine-driven hard wood piles, 5 x 10 ins.,
from 16 to 20 ft. long and 6 ft. apart. Waling pieces 8 ins. square
were placed on the outside, both at the top and bottom, and connected

' with 14-in. tie rods
p],wé spaced 8 ft. apart.
- The space between
the rows of ];iles was
filled with puddled
clay.

The westerly end
s of the new dam
i ] Ook 1012”5 o was built within the
- ~ space inclosed by
ELEVATION the coffer-dam. The
new dam was located
_Mm M - parallel to and on
I ]: Sy the upper side of
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ing portion of the

5 sone new dam was com-
5 o2 4 ¢ pleted. During the
6 progress of the work
3 S ) on this section the
PLAN water was carried
Fra. 8. through a gate at
the easterly end of the old dam into the outlet to supply the canal.
After the first section of the dam was finished, the water was turned
through the gates of the new dam, and a coffer-dam was constructed
inclosing the easterly end of the old structure and the pit for the
foundation of the remainder of the dam.
The new water-works consist of a crib and 6 419 ft. of 54-in. riveted
steel intake pipe in Skaneateles Lake; a gate house on its shore; acon-
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duit line of 19} miles of 30-in. cast-iron pipe; a distributing reservoir
near the city with a capacity of 121 000 000 galls., and improvements
in the distributing system throughout the city.

After a complete hydrographical survey, including over 3 000
soundings in lines extending southerly from the dam across the lake
for 14 miles, the crib was located in 40 ft. of water, and 6 419 ft. from
the gate house on theshore. The cribis 16 ft. square by 12 ft. high, and
is shown in Fig. 3. It rests on a foundation of small stone. Its sides
are formed of 10 x 12-in. oak timbers, framed and dovetailed together
and secured by 1}-in. tie rods running through the timbers from top
to bottom. Partitions, also of oak timbers, divide the crib into six
compartments. The water enters the top of the middle chamber
through a copper-wire screen of 1-in. mesh, and is conducted through
a steel reducer to the intake pipe, the connection being made by a
flexible joint. The reducer pipe, surrounded by concrete, occupies
one compartment and the other four are filled with stone ballast.

The intake pipe is 54 ins. in diameter and made of 3-in. steel plates,
weighing 15 1bs. per square foot. Each plate forms a 6-ft. length of
pipe, slightly larger at one end, so that it could be telescope-jointed.
Five pieces riveted together with 24-in. lap formed a section 29 ft. 2 ins.
long. These sections, after being coated with asphalt, were loaded on
platform cars, three lengths to the car, and shipped to the lake.

The coating used was a mixture of the Los Angeles Oil-Burning
Supply Company’s dry asphalt, grade **D,”" and their liquid asphalt,
grade ‘‘ G.” In heating the mixture, it was necessary to use 3 parts
of “D” to1 part of “G”; once heated, it was necessary to add the
grade ‘“ G ” only. The pipe was completely submerged in the bath,
heated to a temperature of 280° Fahr., and left therein about 20 min-
utes or long enough for the steel to attain the temperature of the mixt-
ure. The pipe was then withdrawn, and after the coat was allowed
to stiffen, it was again submerged for a few moments to thicken the
coat.

On the lake shore, four of the 29-ft. lengths were riveted together,
making a section 116 ft. long. Each section was provided with a steel
spigot on one end, and a cast-iron hub on the other. The hub was
provided with 20 steel hook-bolts 1} ins. in diameter, with hexagonal
nuts. A gasket of 1-in. soft lead pipe, weighing 2 lbs. per foot, was
placed around the pipe against the steel spigot, while back of this as
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a follower and beanng for the hook-bolts, was a hoop of 3 x 1-in.
wrought iron (see Fig. 4).

The flexible joints were made by jointing two short pieces of pipe
together, one piece being tapering in diameter and 3 ft. long, the other
being a straight piece 4 ft. long, upon the end of which was riveted a
machine-faced cast-iron ball or zone. Two 4-in. channel irons were
riveted on the inside of the larger end of the tapering piece which
fitted over the ball. The channels were run full of hot lead against
the ball making the flexible joint, which is capable of a deflection of
127 in any direction from the axis of the pipe (see Fig. 4).

The pipe was laid in a trench in the lake for a distance of about
4 500 ft. The trench was 10 ft. wide at the bottom, and at the shore
it was 11 ft. deep, the depth gradually decreasing until the bottom of
the trench intersected that of the lake. From this point to the crib
the pipe was laid on the bottom of the lake. The excavation was made
with a dipper dredge, the material being mostly a hard, red clay.
Before the pipe was taken from the skids on the lake shore, the ends of
a 116-ft. section were closed by oiled canvas bulkheads, rolled into
the water, and floated between the sections of a catamaran which had
been placed in position over the pipe trench.

The catamaran was 95 ft. long, 30 ft. wide; and 6 ft. deep. The sec-
tions were 12 ft. wide with a 6-ft. space between them for lowering the
pipe. The sides and ends were formed of six 5 x 12-in. timbers placed
one on top of the other and secured by drift-bolts. Each section was
covered with plank. The catamaran was held in place by spud piles at

" each corner. Ropes from swinging booms were attached to the pipe,
the bulkheads removed, and the pipe lowered to the bottom of the lake.
Each length of pipe was supported on two timber foundations placed
19 ft. either way from the joint. These timber foundations were
secured to the pipe before it was lowered and were held in place by
hooks connecting the foundation platform to a saddle piece fitting over
the top of the pipe. When the pipe was finally in position, the saddle
pieces were removed and used for the next length. Fig. 5 shows this
arrangement in detail. A diver guided the spigot into the bell of the
last pipe laid, adjusted the hook bolts, and, by screwing up the nuts on
the same, upset the lead pipe completing the joint.

In building the gate house the pipe was laid through the wall to the
intake well, and the trench and pipe extended back toward the lake for
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a distance of 41 ft. This part of the trench was then filled to prevent the
water from reaching the walls of the gate house, and the excavation and
pipe laying was continued into the lake to meet the pipe from the crib.
The final joint was of two spigot ends joined under water by means of
a sleeve joint of special design, shown in detail in Fig. 5. It consisted
of a piece of steel pipe 3 ft. in length and of sufficient diameter to pass
over the ends of the pipes to be connected, and was provided at each end
with hook bolts connected by sleeve nuts. The joint was packed with
hemp rope saturated with white lead. When the nuts were screwed
up, the hook-bolts drew aniron follower against the packing and made
a tight joint.

This piece cut short to float between
section of catamaran
AN XL |

Fie. 5.

The steel pipe was made at Groton, N. Y., by the Groton Bridge
and Manufacturing Company. It cost, delivered on the skids at the
lake, 88 80 per lineal foot, including the seven flexible joints. The lay-
ing (exclusive of the trenching) cost $2 50 per foot.

The gate house contains an intake and screen well each 25 ft. deep.
Through the wall separating the wells are two cast-iron sluices each 2
ft. 6 ins. wide by 4 ft. 6 ins. high in the clear, and provided with cast-
iron gates similar in construction and operation to those used at the
dam. The fish screens are made of ¢4-in. copper wire, }-in. mesh, with
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wrought iron frames (Fig. 6).
A cast-iron reducer pipe, 36 ins.
square on one end and reducing
to a circle 30 ins. in diameter,
connects this well and the 30-in.
conduit line. The square end
of the reducer is fitted with a
sluice gate operated in the same
manner as the others.

A 4-in. vent pipe was con-
nected to the first length of
30-in. pipe and carried up and
through the wall to the inside
of the gate house. The walls
are of rubble masonry with vitri-
fied brick facing. The grooves

for screens and stop plank were ! : o
‘k.._._’g’_sﬁ._ -—d— - 116 - —

formed of dimension cut stone ot 812
. o PLAN SCALE.
set in the wall. A longitudinal Fia. 7.

section and plan of the gate house walls are shown in Fig. 7.
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The superstructure is of broken range ashlar and pressed brick
similar to the gate house at the reservoir.

A means of computing and regulating the amount of water flowing
into the conduit is afforded by opening the gate between the wells toa
fixed height and adjusting the head of water against that gate by oper-
ating the gate in the screen well.

Extensive surveys were made of all the practicable routes for the
conduit line from the lake to thesite of the reservoir near the city. The
topographical notes were obtained by using a slope board, which was a
home-made instrument consisting of a smooth board about 10 x 20
ins. of convenient shape to be easily handled, and having on its face an

SR

Fia. 8.

arc graduated as explained below. From the subscribing center of this
arc a fine line was suspended, to which was attached a circular flat
weight that would swing just below the graduations. When the top
edge of the board was held level the pendulum line would intersect
the arc at zero or the initial point of graduation (see Fig. 8).

In using this instrument the topographer sights along the top of the
board and brings it parallel to the slope of the ground. The line of
the pendulum will then intersect the graduated arc, and this reading is
recorded in his note book. However, instead of indicating the degree
of the slope the graduation marks the horizontal distance between
contours of 10 ft.
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Angles on each side of the initial point of —

10 09’ are marked 500, 11° 19’ are marked 50
10 547« 300 120 33* <« . 45
30 49’ « 150 140 03"  « 40
42 35"« 125 150 57' « 35
50 43" ¢ 100 180 26' 30
62 21"« 90 210 49"  « 25
70 08« 80 260 36' ¢ 20
80 08’  « 70 330 40"« 15
92 27"« 60 450 00"« 10

‘With this graduation, when the top of the board is parallel with
the surface of the ground, the line of the pendulum will indicate the
horizontal distance between 10-ft, contours of that slope. Thus an
angle of 14° 03’ will read 40 ft., and if that slope extends 200 ft. the

10 in 40
200

minus sign, according as the slope was ascending or descending from
the line.

This graduation of the arc greatly facilitates the work of plotting
the notes. Knowing the elevation of any station, the location of the
first contour from the line is obtained by multiplying the reading of
the board by !5 the vertical distance to the first contour. After the
first contour is located or plotted, the others are measured off direct
until the entire length of slope is consumed. From the data thus
obtained a contour map was made which gave in detail the features
of the country for several hundred feet each side of the lines sur-
veyed. On this map the pipe line was projected, and from the notes
of the projection the final location was staked out on the ground.
Great care was exercised in making this projection, and the number
of summits and depressions in the grade was reduced to a minimum.
This was accomplished without any material increase in the length of
the line.

All horizontal deflections in the conduit line were made by using
straight pipe laid to regular circular curves, the maximum being 200
curves on the first part of the line where the pressure is light, and
10° curves on the lower parts of the line. The vertical curves were
made in the same way, except at the very steep slopes of the
Marcellus and the Camillus Ravines, and at Geddes Brook.

proper entry in the note book will be prefixed by a plus or
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The cast-iron pipe was made in lengths to lay 12 ft. with hub and
spigot, as shown by Fig. 9. All straight pipes were cast vertically in
dry sand molds or
flasks, hub end down.
All pipes and castings
were thoroughly iun-
spected by men who
acted under direct
orders from the author.
Each pipe, after being
cleaned and examined,
was dipped in tar in the
usual manner, and sub-
jected to a hydraulic
pressure of 300 lbs. per
square inch, and while

Uiz

RUBBER GASKET

under pressure was re-
quired to stand smart
blows with a hammer
over its exterior surface.

Test bars were cast from
each heat and required
to have atensilestrength
of at least 16 000 Ibs. to
ZZ the square inch.

The following table
shows the thickness of
the 30-in. cast-iron pipe
used under the differ-

F1o. 9. ent heads.
Class. ' Thickness, Maximum head.
Inches, Feet.
; %
o:::..........::::: ....... 'lh d
D... 14 295
E... 14 335
F... 1 376
G... 1{’ 415
H.. 14 460
... 1} 475
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On the conduit line there was used 18 367 tons of straight pipe,
135 tons of curved pipe, and 156 tons of special castings, furnished by
Dennis Long & Company, of Louisville, Ky.; the Radford Pipe and
Foundry Company, of Anniston, Ala.; the McNeal Pipe and Foundry
Company, of Burlington, N. J., and R. D. Wood & Company, of Phila-
delphia, Pa.

The conduit line was divided into four sections, numbered 1, 2, 3
and 4 respectively, beginning at the lake, each section being about &
miles long. All the work on each section was let separately by con-
tract, and each was completed satisfactorily, with the exception of
Section No. 1. The contractor abandoned this, the most difficult on
the line, and the work was completed by the Water Board.

Previous to the letting of the contracts, test pits were dug along
the line at intervals of 500 or 600 ft. These were carried down to
grade unless rock was reached, and were left open for the inspection

PLAN

q/ 2' &'
BCALE.

Fra. 12,

of the bidders. The trenching and refilling were included in one price
per cubic yard, and the pipe laying, joining, and calking, including
the furnishing of lead and yarn, were paid for by the lineal foot. The
minimum depth of the lead joint was 2} ins. The minimum width of
the right of way secured was 60 ft.

In general the trench was 4} ft. wide on the bottom, with side slopes
of 1 horizontal to 6 vertical. The minimum covering over the pipe
was 44 ft. All pipes were laid to line and grade from stakes set in the
bottom of the trench and were supported on blocks and wedges.

A glance at the profile (Fig. 10, page 37) will show that in order to
keep the conduit below the hydraulic grade line, deep cutting was
necessary on the first 2 miles, The line there follows the west bank of
the Skaneateles outlet and then crosses under that stream. The average
depth of the trench on 1 mile was 20 ft., with & maximum depth of 30
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feet. Much difficulty was experienced with quicksand and water.
Fig. 12 shows the style of sheeting used on this part of the work. It
was necessary to put in a flooring braced against and held down by
the sheeting in order to keep the quicksand from rising and filling
the trench. In many cases the ground back of the sheeting sunk to
& depth of 12 ft., carrying the sheeting with it. This required constant
care and work adjusting and putting in additional cross-pieces to keep
the trench open. The timber used was spruce, 8 x 8 ins., with 2-in.
planking of the same material. The pipe was laid on blocks and
wedges placed on the flooring.

At the lower end of the deep cutting o Section No. 1 a 20-in. relief
pipe was put in as a precaution against a water ram on the pipe
through the quicksand. Should an accident occur at this place it
might take a month’s time to repair the break. The relief pipe was
carried up the side of the valley to a height of 31 ft. above the hy-
draulic grade line and to an elevation of 456 ft. The 20-in. pipe at this
elevation terminates with two 90° bends where it will discharge its
water into a 3-ft. length of 30-in. pipe set in an upright position.
From the bottom of this 30-in. pipe a line of 12-in. pipe is laid to the
creek. A screen is placed over the upper end of the 12-in. pipe to pre-
vent frogs, eto., from entering the main conduit line. The upper end
of the relief pipe is inclosed in a plain brick house.

Prominent and principal features of the conduit line were the
crossings of the Marcellus and the Camillus Ravines. Marcellus
Ravine is 80 ft. deep, with sides sloping at angles of 40° and 480
respectively. The bottom is flat and 500 ft. wide. Nine Mile Creek,
the outlet of Otisco Lake, flows through this valley, and at the crossing
of the conduit line it is in two channels, the larger being about 25 ft.
wide and 3 ft. deep, and located at the foot of the eastern slope of
the ravine. The water was diverted from the westerly into the east-
erly channel until the pipe was laid from the west up to the bank of
the eastern channel. All the water was then diverted into the westerly
channel, and the pipe laying continued under and across the easterly
channel and up the eastern slope at an angle of 420. The vertical
curves were made by using special curved pipe 8 ft. long, with a radius
of 344 ft. These curves were used at the top and bottom of the slopes
at each side of the ravine.

Camillus Ravine is 100 ft. deep and only 20 ft. wide at the bottom.
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The sides are very steep, the westerly slope being at an angle of 450,
upon which the pipeis laid at an angle of 420. In this ravineisa small
stream of water, which, however, disappears some distance above the
place where the conduit line crosses. In excavating the trench across
the bottom, shale rock was found to a depth of 6 ft. Below this was
a bed of quicksand and water 12 ft. deep. A row of piles was driven,
capped with timber and concreted, which construction formed a firm
foundation for the pipe. The concrete was carried up, over and
around the pipe and covered with flag stones, to prevent a washout in
time of high water in the stream. The vertical curves at the top
and bottom were made by the use of special curved pipe, the same as
at Marcellus Ravine.

One of the various methods for setting the pipes to line and grade
consisted in the use of a board template arranged to fit across the
inside end of the pipe, so that the upper edge of the template would
coincide with the horizontal diameter. This template was placed in
the end of the last pipe laid. The center of the top edge of the board
would then mark the center of the pipe for line and grade. Some
distance ahead in the trench, a target was set in line and to grade for
the center of the pipe. The pipe inspector, inside the last pipe laid,
directed the adjustment of the next pipe until the center of its tem-
plate was brought in line with that of the fixed one and the target.
The pipe was then held in position by the blocks and wedges. With
this method, under the most favorable conditions, 102 lengths of 30-in.
pipe were placed in position in the trench in one day.

Eleven 30-in. gates were used on the conduit line, each with two
8-in. by-passes. These gates were made by the Eddy Valve Company,
of Waterford, N. Y., from a special design for this work.

Sixteen 4-in. air valves were placed on the line as indicated on the
profile. These are also of a special design, and have proved very satis-
factory thus far. They are constructed to work automatically, and
will open at 50 lbs. pressure to let air into the pipe while being
emptied.

Their gate and seat are similar to like parts of the Matthew’s
hydrant, and are held together by a }-in. brass wire spring. The gate
can also be opened at any time by a screw stem, and as a precaution
against accident to the spring which draws the gate back to its seat, an
extra inside screw is provided to be screwed into the gate, and thus
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raise it (Fig. 13). An ordinary 4-in. flanged valve is placed between
the air valve and the conduit, to be used in case it is necessary to make
any repairs to the air valve. A plain brick building was built over each
of the 30-in. gates and air valves on the conduit line.

Manholes were placed on the conduit line at the low points and
near the valves, while —¢---------—------
through the deep cut-
ting on Section No. 1
they were placed more
frequently. The man-
hole proper is a special
pipe casting 6 ft. long,
having an elliptical
opening 12 x 16 ins. in
the clear. The opening
is closed by a cast-
iron plate on the inside
held in position against
a flange by bolts
through two saddle-
pieces resting -on the
outside of the casting.
The opposing surfaces
of the plate and special
were ordinary cast
faced. Two layers of
flat lamp wick, 1 in.
wide, saturated with
white lead, were used
for gasket, and made a
perfectly tight joint.

In deep cuttings
circular brick vaults were built around the manholes and carried up
to within 3 ft. of the surface, where they were closed with a cast-iron
cap, which was carefully referenced before being covered with the
earth.

A blow-off branch was laid at each of the six depressions in the
conduit line. A special casting 6 ft. long, with hubs at both ends and
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a small branch opening on the side, was laid at the lowest places in
the grade. From this lateral opening pipes were laid to a discharge
chamber.

Between the chamber and the special, a gate was inserted in the
line of the small pipe. The gate was inclosed by a circular brick vault,
capped with a 10-in. course of cut stone. There was an opening 3 ft.
square in the center of the cap stone, which was covered with iron
doors, with hinges bolted to the stone (see Fig. 14).

" F16. 14,

The discharge chamber was built of ashlar faced stone masonry rest-
ing on a timber platform foundation. The interior of the chamber was
4 x 7 x 4 ft. deep from the top of the spillway.

At the easterly end of Section No. 2 the conduit is laid along a steep
wooded slope commonly known as the ¢ Alps.” At many places it is
at an angle of 45° and rises to an elevation of about 500 ft. above its
base.

About midway up the slope on the upper side of the conduit line a
roadway 6 000 ft. in length had to be built before the pipe or other
material could be delivered. For about 2000 ft. the cutting for the
roadway was through solid rock which cropped out at the surface.
In excavating for the pipe trench, solid rock was encountered for 1 800
ft. Owing to the irregular character of the slope and the determina-
tion to keep the conduit to a nearly direct line and proper grade, the
cutting at some points was carried to a depth of 19 ft., while at
others it was very light. At the latter-mentioned places retaining
walls, six in number, were built to support the embankment over the
pipe.

The walls had a standard width of 3 ft. on top with a batter of 3
ins. to the foot on the face. They were laid dry and were of good
quality gray limestone, roughly hammer dressed. In the six walls
there were 2 500 cu. yds. of masonry.

As a precautionary measure, after the pipe was laid, orchard grass
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seed was sown over the pipe trench and on the embankments, to prevent
the washing away of the newly placed earth.

After the pipe was laid and calked, a hydraulic pressure test was
applied for the twofold purpose of revealing imperfect pipe and faulty
joints. If no defects were found, the contractor was then allowed to
refill the trench on that part of the work. Pumping stations for test-
ing the pipe were established on each of the four sections in the
immediate vicinity of blow-offs, as they were convenient to water and
the blow-off special furnished an opening through which water could
be pumped into the conduit.

The open ends of the conduit were closed with false heads made
especially for this work. They were cast-iron plates, machine-faced on
the inner side, and fitted snugly into the hub end of the pipe. A heavy
rubber gasket was used between the plate and inner face of the hub.
Each head was secured with 12 clamps (see Fig. 9). Heavy hard
wood timbers and jack screws formed a brace against the end of the
pipe and prevented it from being shoved ahead in the trench by the
pressure. In each of the false heads two openings of 1in. and 2 ins.,
respectively, werecut. Into the larger one a short piece of wrought-
iron pipe, with a valve attached, was screwed. This provided for the
escape of air. The smaller aperture was for the pressure gauge.

‘When the pipe was filled and the required pressure attained, two
inspectors, one on each side of the pipe, examined the joints for sweats
and leaks, and likewise the body of the pipe itself for cracks or spongy
iron. If sweats or leaks were found, the pressure was relieved by
opening a valve and letting a small quantity of water out. The joints
were then recalked and the test pressure again put qn. Rarely a third
application of pressure took place. Occasionally pin holes were found
in the metal, but these, with the exception of a few cases, ‘‘took
up ” themselves by oxidization, which filled the minute holes. Two,
of which there was some doubt of the rust closing, were tapped and
plugs inserted. Some three .or four defective pipes were discovered
and taken out. After the completion of the test the water in the
pipe was drawn down so that its surface was on a level with the
bottom of the last pipe and the balance of the water was left in the
pipe to be used for the next test.

Grades were ascending in either direction from the blow-off special,
and all that was necessary when a subsequent test took place was to fill
the newly laid pipe.
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The pumping station in Marcellus Ravine was at the westerly end of
Section No. 3. From here tests were made to the connection with Sec-
tion No. 4, a distance of 4 miles. Two pumps were used here, one with
a large cylinder for filling the pipe, which it would do very rapidly, and
a second one with a very small cylinder, capable of developing 500 lbs.
per square inch for furnishing pressure for the test. It might be well
to mention the fact that the larger pump was tried for the entire work
of testing, but it proved inefficient. It would work easily against the
head necessary to raise the water in the pipe, but above that the
pressure shown by the gauge fluctuated so that the pump was abandoned
for that part of the work and the smaller one used entirely. This ar-
rangement gave most satisfactory results.

The minimum pressure allowed on any part of the work was 100
1bs. per square inch. Bat in every instance each pipe was subjected
to a pressure at least 40 1bs. in excess of the stated pressure. The con-
tractors strongly urged that the tests be omitted. Theyspoke of their
calkers in the highest terms, declaring that none of their joints would
leak. The first test developed many. After that each calker marked
the joints he made, and each took a pride in his work. The best testi-
mony of the necessity of tests is the fact that no leaks have been dis-
covered in the line since the water was turned on, nine months ago.

On Friday, June 29th, 1894, at 10.11 a. M., the gates in the well
house at Skaneateles were opened, and water for the first time began to
flow from Skaneateles Lake to Syracuse. The draft from the lake to
fill the conduit was regulated to 1 000 000 galls. in 24 hours.

‘While the turning on of the water was the practical consummation
for which the city had been contending for years, it took place without
any ceremony. In fact it was done as quietly as possible as fears were
entertained that some legal obstacle might be interposed at the last
moment.

In filling the conduit line each gate house and blow-off was visited
in advance of the water, and its arrival and passage waited for. The
approach of water was heralded in advance by the escape of the ¢om-
pressed air through the air valves. It would begin with the least per-
ceptible murmur and continue to increase in loudness until it assumed
aroar like that made by steam escaping from the exhaust valve of a
steam boiler.

The gate at each of the blow-offs was opened in turn and water al-
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lowed to waste until the last vestige of sediment from the conduit line
bad disappeared. Assoonas the intermediate sections between the gate
houses were filled, men were put on patrolling the conduit to discover
breaks or leaks should any occur. At 4.12 in the afternoon of July 3d
water reached the north stop gate house of the new reservoir and a
few minutes later rushed with a roar into the old distributing
Teservoir.

The work of filling the pipe occupied nearly 4} days and was car-
ried on without cessation. An hour’s sleep in some fence corneror on
top of some blow-off chamber had to suffice for rest. Meals were eaten
at irregular intervals; sometimes breakfast wuas eaten at noon and
oftener not at all.

This part of the work had its amusing as well as serious side. One of
the watchmen, stationed at night in the ¢“ Alps,” became scared at an
owl’s hooting, climbed a tree and staid there until the return of a patrol-
man. Another man, who had been left in charge of a gate house with-
out instructions as to meals, staid there three days and subsisted on a
few crackers and a piece of cheese. -

The new distributing reservoir which is now being constructed is
located just outside the city limits about 2 miles southwesterly from
the center of the city. The site is on a summit in a valley with long
and rounding hills on either side, that on the west having an elevation
of 280 ft. and the one of the east 220 ft. The reservoir is formed
by building earth embankments across the valley at the north and
south ends and along and over the lower hill on the east.

Preliminary to the selection of the site and the location of the em-
bankments, the underlying earth was examined. This was accom-
plished by driving a 2-in. wrought iron pipe and drawing it from
different depths, bringing up samples of the material. Later on, test
pits were dug at different places over the site, some to a depth
of 20 ft.

The site was cleared of trees, stumps and roots. The loose top
soil was removed and placed in a spoil bank for top dressing the
embankment. A pit 12 ft. wide was dug on the line of the center of
the embankment to a general depth of 8 ft. This was filled with clay
placed in 4-in. courses and puddled in position. The embankment
was started on a firm foundation which was thoroughly dampened. It
was made of material excavated from the sides and bottom of the
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reservoir, which was found to be a mixture of heavy clay with a small
amount of gravel. All hard lumps were broken and all stones more
than 4 inches in diameter were picked out. The material was leveled
off in 5-in. layers by a road scraper, then dampened and rolled by a
grooved roller weighing 1 200 1bs. per lineal foot.

The embankment is 20 ft. wide on top, with sides sloping 2 to 1.

Fig. 16.

On the inner slope there is an pffset 10 ft. wide (see Fig. 11, Page 37).
The elevations of the various portions of the embankment are shown
in Figs. 11 and 15.

The area of the reservoir is 13.97 acres. Its capacity is 121 000 000
galls. with the water 85 ft. deep. The bottom and sides are covered
with concrete placed 9 ins. thick over the bottom and lower slopes, 12
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ins. thick over the offset, and 6 ins. thick under the paving on the
upper slope.

The concrete was composed of one measure of American hydraulic
cement, two measures of sand, and three of stone. All the stone was
broken by a crusher and was required to be not larger than would pass
through a 14-in. ring in any direction.

The cement was delivered on the work a sufficient time in advance
of its use to enable thorough tests to be made. It was required to be
of such fineness that 90% would pass through a screen of 2 500 meshes
per square inch. When mixed in the ratio of 1 1b. of sand to 1 1b. of

Fio. 16.

cement and exposed one day in air and six days in water, it was
required to withstand a tensilestrain of not less than 60 1bs. per square
inch. Almost the entire quantity of cement used to date was furnished
by the F. O. Norton Company and by the Lawrence Cement Company.
The average strength of 4 623 briquettes was 1004 1bs. per square inch.

The wall covering the upper slope is 12 ins. thick and is composed of
hammer dressed quarry stone laid in full beds of cement mortar on the
6 ins. of concrete. A Portland cement concrete curb 2} ft. deep and
10 ins. thick is to be laid on top, of the slope wall around the reservoir.
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In Fig. 15 is shown the general plan of the gate house wells. The
walls are of broken range stone with face scabbled to 4-in. projection.

A general plan of the pipes entering and leaving the reservoir,
together with the location of the gates and an overflow pipe leading
from the wells of the outlet gate house to the old reservoir, is shown
in Fig. 16. The 30-in. conduit from the lake passes through the out-
let valve house where it is conmected with two 36-in. supply mains
leading from the reservoir to the city. Valves were put in these con-
nections. The conduit line continues around to the inlet valve house
and enters the reservoir through the inlet gate house.

Two other 30-in. mains are also laid through the inlet valve and
gate houses. One of these mains is connected with the old pumping
station on Onondaga Creek and can be used in case of an accident to
the conduit from the lake. The other is to be a supply main to convey
water from the reservoir to a high service pump house to be built
adjoining the inlet valve house at some future time.

Within the city limits there is a small unoccupied area that is
higher than the flow line of the reservoir. Should it ever be desirable
to supply this tract with water a high service reservoir might be con-
structed with a main from the inlet valve house. By operating gates,
this reservoir could be supplied by gravity directly from Skaneateles
Lake, or by pumping the water from the distributing reservoir, with
a high service reservoir at an elevation of 320 ft. and two distributing
systems, the entire city would have ample pressure for fire protection.

At the close of the season of 1894, the embankment of the reservoir
was completed, and the slope wall was built to a height of 6 ft. above
the offset. The reservoir was then filled with water to a depth of 2 ft.
above the top of the wall to protect it from the action of the frost.
During the winter the city has taken its supply directly from Skan-
eateles Lake through a connection at the outlet valve house, leaving
the surplus water from the lake to flow into the reservoir.

The height of the water in the reservoir, which regulated the press-
ure on the city mains, was adjusted by operating the gate in the 30-in.
main leading from the reservoir to the pumping station on Onondaga
Creek. On this line of pipe thereis a branch to the old reservoir where
the surplus water was discharged.

The reservoir will be emptied of water before the work of complet-
ing it is resumed in the spring. The pressure on the city mains will
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then be regulated by using the wells of the outlet gate house as a stand
pipe. The 16-in. overflow pipe from the wells is of a capacity equal
to the 30-in. main from the lake.

The plant of the Syracuse Water Company, as described above,
was acquired by the city through condemnation proceedings. The
price paid, as awarded by the appraisers, was $850 000.

The Water Board took possession of the works on January 1st,
1892. At that time the pressure on the mains in the lower part of the
city was 46 lbs. per square inch. Before increasing this pressure
about 14 miles of sheet iron cement-lined pipe and old cast-iron pipe
of insufficient size were taken out and replaced by new cast-iron
pipe of proper size. In addition there have since been laid 55 miles of
new mains, so that at the present time there are 80 miles of street mains
and 1 408 hydrants.

The following table gives the standard weight of pipe that will lay
12 ft., and the thickness of the different sizes used in the city distribu-
tion, also the thickness of the lead joint.

Diameter of pipe. Thickness. Weight. Thicknees of lead joint.
Inches. Inchbes. Pounds, Inches.
4 240 to %
[ ‘ 380 Al
8 492 .
1n % 672 .
1 i 1360 0 4
3 to
20 ;{ 1980 .
24 !} 2664 .
30 3432 .
2 1 3948 «
38 1% 5 004 Tato %

In general the pipe has been laid in a line 10 ft. off the center of
the street. This leaves the center for a sewer, and the opposite side for
a gas pipe.

The water pipe is laid to a grade generally conforming to that of the
street. The minimum covering allowed on top of the pipe is 44 ft.
Before refilling the trench the pipe and joints were tested by water
pressure, the water being let in from the adjoining mains.

In refilling the trench the earth was thoroughly compacted under
and around the pipe to a height of 6 ins. above the top of the pipe.
The filling was then wetted down with water from a hose attached to
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an adjacent hydrant and the refilling was afterward continued with-
out tamping to within 6 ins. of the surface. The trench was then

flooded with water and allowed to settle. The remainder was put in

dry and thoroughly rammed.

This manner of filling e u —
the trenches gave good ” s s \/ ’////// i
satisfaction, in fact bet- I ~ ﬁ//
ter than where the filling ~ -Y: . // ¥
was put in dry and com- '"
pacted by ramming only.

‘Where pipes werelaid

under the tracks of
steam railroads, they
were arched over with
masonry (see Fig. 17).
This protects the pipe
from the jar of the
trains, and the road-bed
from damage by water
in case of a leak or

broken pipe.

All work was done by
contract. The trench-
ing and refilling were
paid for at one price per
linear foot for each of the Fio. 18,
different sizes of pipe. Placing and calking the pipe, together with '
specials, gates and hydrants, including the furnishing of lead and
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yarn, were paid for at one price per lineal foot for each of the differ-
ent sizes.

The valves were placed in the cross-walks as a rule, the object
being to aid in locating them at times when they are wanted in a hurry
or when they are covered with snow.

The stems of 12-in. or smaller valves are without gearing and are
enclosed by cast-iron boxes (see Fig. 18). The larger valves are geared
and are surrounded by brick vaults covered by cast-iron caps (see
Fig. 19). !

The valve stems are of solid bronze of the following sizes :

36-in. valve...... Cerieieeeiiaas 3 ins. in diameter.
80-in. ¢ L i e e 2§ ins. “
24-in. ¢ e 24 ins, ¢
20-in. ¢ i 2% ins. o
16-in.  ““ e 14 ips. o
124in. ¢ L el 1§ ins. o
10-in. © ¢ et 1} ins. “

84D, Y i . 1§ ins. “

[ 5 1} ins. o

4in. L e 14 ins. “

All rubbing surfaces

of valves are of non-
corrosive metal, brass
or bronze.

Hydrants were gen-
erally placed not more

« ,"a
than 300 ft. apart, and " gé,
those located at street —g'o—!

corners were connected
with the larger main.
Valves were placed in

the hydrant branches Wy

where they led from x4
mains 12 ins. or sonte
largerin diameter. All oor 2

hydrant branches were
6 ins. in diameter.
Hydrants were re- F1a. 19.
quired to have an effective discharging area between the branch con-
nection and the hydrant gate not less than that of a 6-in. pipe. The
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diameter of the hydrant barrel above the gate was required to be at
least 5% ins., and the valve opening not less than that of a pipe 4; ins.
in diameter.

All hydrants were provided with a brass drip spigot of special de-
sign, to which was connected by a wiped joint a 1-in. lead pipe weigh-
ing 3} lbs. per foot. This drains the hydrant barrel to the nearest
sewer or drain.

A block of masonry was built back of the base of the hydrants to
protect the joints in the branch from the effect of a water ram.

The length of the hydrant barrel from the pavement to the top of
the branch pipe is 5} ft.

During the very severe cold winter just passed none of the hydrants
were frozen.

Although the pressure was increased from 46 to 98 1bs. per square
inch, no serious trouble has been experienced with the old plumbing.

Service pipes are of ‘“3A ” lead and are required to have not less
than a 5-ft. covering, and to have a valve and box at the curb.

Skaneateles water for manufacturing purposes and domestic use is
strikingly superior to that furnished formerly from Onondaga Creek.
This is obvious when a comparison is made between the two. In the
report submitted to the Water Board in 1889, the following will be
found as an average of the several analyses :

ParTs PER 100 000.
8kaneateles Lake | Onondaga Creek
water. water.
Bolids, volatile........ . 1.600 6.500
L . N 11.433 48.350
Hardness, temporary.. 7.95 16.95
“ permanent.. 1.80 19.46
Sulphates, RN 0.497 20.778
Nitrates............. 0.023 0.059%
L0 T T 0.358 1.850

In the old supply, boilers became heavily encrusted with a hard
scale which had to be removed by chemicals. Since Skaneateles water
has been introduced, manufacturers say that the old scale on boilers
has become decomposed and is now found in the form of mud easily
disposed of by flushing with water.

For laundry purposes the water is excellent, many preferring it to
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rain water that has been stored in cisterns, as it leaves articles washed
in it whiter than rain water does. The additional amount of soap
required to make suds, is hardly noticeable in ordinary family use.

As a potable water it is equal to any city supply in the country.
In the report of 1889, Charles G. Currier, M.D., of New York City, says
of it : *“This water compares favorably with the best waters of which
bacteriological analyses have been made.” The small amount of
mineral matter which it contains relieves it of that insipid taste which
perfectly soft water has.

In conclusion, it affords the author pleasure to acknowledge the
service rendered in the construction of these works by his assistants :
Mr. F. M. Wakefield, who made the preliminary and location surveys ;
Mr. O. H. Bogardus, recently deceased, who was in charge of all work
at Skaneateles Lake; Mr. R. J. Marcher, on Section No. 1 of the conduit
line; Mr. William Kelley, Sections Nos. 2 and 3, and city work ; Mr.
C. A. Beach, Section No. 4, and the Woodland Reservoir ; Mr. C. F.
Taylor, city distribution ; Messrs. W. S. Farrington and Thomas McE,
Vickers, in charge of the drafting department ; and other assistants.
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DISCUSSION.

Mr. Croes.  J. J. R. CroEs, M. Am. Soc. C. E., had listened with great interest
to the very clear and full description of the works recently constructed
for supplying water to the important city of Syracuse, the population
of which has grown from 51 792 in 1880 to 88 143 in 1890, and was be-
lieved to be over 100 000 at the present time.

Leaving to others the discussion of the engineering features of the
paper, it seemed to him that a somewhat fuller account of the history
of the works might be of interest as showing how a very important
enterprise might be carried to a successful completion in spite of de-
termined opposition by careful attention to the principle of first being
sure you are right and then going ahead in a systematic and deter-
mined manner.

At the time the preliminary examinations to which the author has
alluded were made in 1888, the city of Syracuse had been supplied for
60 years by a private company. The water furnished by this company
was not palatable or wholesome, and the works generally were insuffi-
cient and in rather poor condition. The agitation for other supply had
been in progress for some 20 years, and 17 years previous to this period
the speaker had investigated the subject of a supply from the Tully
Lakes under direction of the late Alfred W. Craven, Past President
Am, Soc. C. E., and had reported on the same, and during the inter-
vening period various projects had been broached and companies
formed for the purpose of introducing a new supply from a variety of
sources, 80 that when the speaker was called upon by the Water Com-
missioners in 1888 to investigate thoroughly the whole subject he
found that there were 11 different sources of supply, each of which
was considered by its advocates to be the best and only practicable one.
'Il]dse'éources’ were the Salmon River, Skaneateles Lake, Lake Ontario,
Seneda -Rtl’v"erz Ohondsge Creek at Cardiff, ground water in the creek

. Y&lley, from dnyen wells, Cazenovia Lake, Oneida Lake, Otisco Lake,
S ibe Tully: Im'k.es, 4nd the Yyracuse Water Company’s works, com-
.- pl:fs;n"g sprmgs-and the water of Onondaga Creek.

A very thorough examination, topographical, chemical and bio-
logical, was made of all these sources of supply, with the result that
the speaker, as stated by the author, recommended the water of Skan-
eateles Lake as the best source, and presented such evidence in sup-
port of this recommendation that the Water Commissioners unan-
imously approved it, and after a bitter contention in the public press,
at public meetings and in the Legislature, the citizens of Syracuse
approved of the conclusion reached by a vote of 12 212 affirmative to
910 negative votes. This did not end the contest, however, for a
prominent citizen of Syracuse and & member of this Society was still

.
e o
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so unconvinced and so impressed with the especial desirability of Mr. Croes.
another source of supply that he brought a suit in the courts to

restrain the city from undertaking the works on the ground that the

law was unconstitutional. On June 15th, 1890, a special term of the
Supreme Court confirmed the constitutionality of the law. On April

1st, 1891, a general term of the Supreme Court reversed that decision

and on June 25th, 1891, the Court of Appeals reversed in turn the de-

cision of the general term, and on December 22d, 1891, the Court of

Appeals again decided that the law was constitutional and that the city

of Syracuse could proceed to take the waters of Skaneateles Lake.

The principal ground of opposition to the scheme proposed was
that the state of New York required the waters of Skaneateles Lake
for the Erie Canal, and the contest in the Legislature, before the Canal
Board, and before the Commissioner of Public Works and the State
Engineer was chiefly promoted by the friends and adherents of the
Erie Canal, including the Produce Exchange of New York Clty and the
Board of Trade of Buffalo.

The law, as finally passed, required that the city of Syracuse should
make good to the state of New York a supply of water equivalent to
that taken from Skaneateles Lake. The method of compensating the
state was the subject of a protracted contest in which the speaker took
an active part, with the result that the counsel for the Water Board at
the close of the contest kindly wrote: ¢ You furnished the ammunition
and we lawyers fired it off ; the force of the ammunition produced the
result.”

At the time of the termination of the speaker’s connection with the
Water Board on June 30th, 1891, the final decision of the courts was
still in abeyance, but immediately upon its being rendered, the Com-
missioners entered upon the work with the results which have been so
clearly stated by the author.

To the speaker, some of the facts stated in the paper were extremely
gratifying. The cost of the construction of the entire conduit line was
estimated in the Report of 1889 at $747 141. The actual cost was
$738 771.65. The value of the 36 water powers on the line of Skane-
ateles Creek was estimated in 1889 at $472 000. In the paper the entire
co8t is given as $462 000.

The value of the plant of the Syracuse Water Company which the
Water Commissioners were authorized by the law to purchase was
estimated by the speaker in 1889 at $850 000, and this was precisely
the amount which the Commissioners of Appraisal awarded to the com-
pany in 1891.

At the time the preliminary estimates were made, the speaker con-
sidered it advisable to suggest cast-iron as the material for the conduit
pipe. This was Jdone mainly for reasons of policy. It was deemed
safer to recommend the use of a well-known and long-used material for
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the conduit line than to attempt to recommend the use of any novel-
ties in construction, as they might have been considered at that time.

In April, 1891, the speaker in response to a request from the Water
Commissioners, investigated the subject of pipe material with con-
siderable care and then recommended that the conduit pipe in this
particular instance should be made of plate steel under carefully pre-
pared specifications and stringent inspection. It appears from the
paper, however, that cast-iron was used, and it would be interesting
to know the reasons which led to the adoption of that material, in view
of the general sentiment which appears to prevail at the present time
in favor of steel conduits.

E. SHERMAN Gourp, M. Am. Soc. C. E.—Judging from the descrip-
tion and drawings of the dam at Skaneateles Lake, the masonry rests
on a timber grillage, with an earthen embankment behind, and a single
row of sheet piling underneath the masonry dam. This seemed to the
speaker to be taking a good many chances on'the foundation. Indeed,
there is no foundation at all, as the timber platform or grillage appears
to be placed on the surface of the ground. Setting aside the want ofa
proper depth to the foundation, he asked why, if the ground was
solid, was a grillage needed at all, and if it were not solid, why
was a timber platform, placed directly upon the surface, considered
sufficient, with merely a row of sheet piling as a cut-off.

The speaker also criticised the design of the distributing reservoir,
as lacking a center wall or core of masonry inside the embankment.
The masonry facing is only or principally a protection against wash,
and is always liable to crack and leak from settlement of the bank and
other causes. It istrue that in the case of a small distributing reser-
voir into which water is pumped, or into which it runs by gravity, as
in the present case, the precaution of a masonry center wall is less
needed, and the speaker’s remarks applied more particularly to large
earthen dams. It seemed to him that no lengthy argument could be
needed to show how greatly the safety of an earthen dam is increased
by the existence of a stout center wall of masonry, penetrating well
into the sides of the valley and carried down to a proper depth below
the surface. It raises the type of structure at once from one about
which fears may be always entertained, to one which may be reasonably
regarded as permanent. If water once begins to penetrate an earthen
embankment, the gravest apprehensions should arise as to its safety.
Such leaks may be and frequently are taken up by the silting in of
material held in suspension, but it is quite certain that if an engineer
should find water percolating through his earthen dam, he would be
in a very uneasy frame of mind until the percolation was stopped.
The reason is obvious. When water once finds its way through an
earthen bank, the leak is very liable to go on increasing, because the
bank is composed of an aggregation of minute particles readily carried
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away by the water. If there is a center wall of masonry, however, Mr. Gould.
small filtrations of water need not cause anything like the same degree

of apprehension, because water can pass through crevices in the

masonry almost indefinitely, without appreciably enlarging the
passages.

The late William J. McAlpine, Hon. M. Am. Soc. C. E., in a paper
read at the Annual Convention of 1889, at Seabright, gave three chief
causes for the failure of dams :

First (and for two-thirds of the cases which he had examined),
leakage of the outlet pipes or conduits.

Second, an incomplete connection of the natural and artificial earth
at the bottom and sides of the valley, and

Third, the want of sufficient wasteways, leading in floods to the
overflowing and consequent destruction of the dam.

Every one of these causes the speaker believed to be eliminated, or
at least greatly reduced, by the presence of a good masonry center
wall. A perfectly tight connection can be made with all the pipes or
conduits leading through the bank, rendering it impossible for water
to follow along their outer sides; any imperfect bonding of the em-
bankment with the bottom and sides of the valley is remedied by the
presence of a solid cut-off which effectually breaks the joint between
the two, and should the dam be over-topped by a flood, its destruction
would be either wholly prevented or at the worst so greatly retarded,
that the consequent disaster would be robbed of a great part of its ter-
rors. While the greatest care should be bestowed upon the construc-
tion of the bank, even when a masonry center wall is used, it will
always give the engineer a great deal of confidence in his work to recol-
lect that he has a safeguard against all those imperfections which are
apt, in spite of the greatest vigilance, to creep into the best work.

A puddle wall isa very feeble and delusive substitute for a masonry
one. For one reason, it offers no security against the attacks of musk-
rats and other burrowing animals.

The speaker would ask in conclusion whether, in view of the ap-
palling list of failures which stands recorded against dams and reser-
voirs the world over. a record which it is believed is exceeded by that
of no other class of engineering structures, and which is increased by
every freshet and flood which occurs, hydraulic engineers should not
take a firm and united stand in favor of types which ensure the great-
est degree of safety.

J. J. R. Croes, M. Am. Soc. C. E. —The New York Legislature lim- Mr. Croes.
ited the size of the conduit to 30 ins. because at the given gradient a
pipe of that diameter will deliver 15 000 000 galls. a day. A careful
study of the quantity of water which it was desirable to introduce into
the city of Syracuse led the speaker to the conclusion thata 15 000 000-
gall. supply would meet the wants of the community for such a period
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Mr. Croes. of time that the interest charges would just equal the first cost of the

Mr. Bogart.

works. The Water Commissioners agreed that a provision for a supply
for that period would be the most judicious financially and limited
their proposed expenditure to the sum estimated as needed for that
purpose, and the law was so framed that the objection could not be
made that it was proposed to take an unlimited supply from Skaneat-
eles Lake.

With regard to the construction of earthen dams, the speaker
stated his belief that an impervious core wall could be obtained of
other material than masonry which would be just as good; it must be
made of the best material, however, and well placed. Many miles of
embankments and dams are now standing in the United States in
which the center is a wall of puddled earth and clay, combined in
suitable proportions and placed properly, and such walls are as im-
pervious as any of masonry can be. It is true that a reservoir can
be constructed, like one recently built on Long Island, N. Y., which is
no better than a filter-bed; this is not the fault of the method of con-
struction, however, but of the material, which is unfit for reservoir
banks and cannot be made thoroughly impervious to water. That the
mode of construction was not at fault is evinced by the fact that the
Ridgewood Reservoir of the Brooklyn Water-Works, built after the
same general plan more than 30 years ago, has been tight ever since
water was turned into it. ‘The puddle wall in the center of the bank
and on the slopes was made with good clay mixed with the proper
amount of gravelly earth and well worked with spades. Another reser-
voir of the same description is in Central Park, New York; it was built
in 1860 by General George 8. Greene, Past President Am. Soc. C. E.,
and has been perfectly tight ever since. Another such at High Bridge,
New York City, built in 1869, has never leaked.

JonN Boeart, M. Am. Soc. C. E.—The signing of the Syracuse
water papers, one of the last official acts of the speaker during his
term of office as State Engineer of New York, was the culmination of a
series of long-continued discussions and contests. There was an ap-
prehension in the minds of some people who had to do with the Erie
Canal, that the taking away of the amount of water which could flow
from Skaneateles Lake through a 30-in. pipe at the established gradi-
ent might cause a scarcity of water in a small portion of the canal fed
partially from this lake, thus possibly delaying boats. The represent-
atives of the city of Syracuse, particularly the engineer who made the
designs for the new works, stated to the State Canal Board, of which
the speaker was a member, that the storage capacity of the lake could
be increased so as to secure to the canal all the water which was really
needed during the season of navigation. Much of the opposition to
the proposed works came from the village of Skaneateles and from the
mill owners along Skaneateles Creek. During the season of navigation
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the water in the feeder between the lake and the canal was used by the Mr. Bogart.
different mills; they also used water in the winter, although the canal

does not want it then. The speaker was convinced at the time of the

hearings on the case, that the pondage of the winter rainfall from the
water-shed would supply the city of Syracuse with all the water that

would pass through the proposed 30-in. pipe. Therefore putting aside

the question of mill rights along the creek, the canal could have all the

water it ever had, and the city of Syracuse could have the surplus

amount stored by raising the level of the lake, which was formerly

allowed to run away during the season of non-navigation.

Concerning the matter of reservoir embankments, the speaker did
not agree with Mr. Gould’s remarks to the effect that a dam or water-
bearing embankment built of earthy materials must be made abso-
lutely impervious, for if water were to percolate through it, then failure
would result. On the contrary, he knew from personal experience with
many miles of earthen embankments which have been leaking for a long
time, that many of them have been silting up gradually instead of giv-
ing away. These banks were built entirely of earth, generally with a
puddle core. The failures which occur so often have seldom been due
to the percolation of water through the earth, but a constant cause of
failure has been the location of a pipe or something of that nature in
the bank. This should not be done except with extreme precautions.

An embankment of sand and some puddle was instanced which
leaked very much at first; the water was a little muddy and gradually
silted up the bank. The speaker did not wish to go on record as being
opposed to a masonry core, and he had under consideration at that
moment a dam in which he was strongly inclined to put one. On the
other hand, he regarded such a core as an extreme precaution for the
sake of safety. If he had just the material wanted and was certain
that water would not rise to the top of the dam he was designing, he
might be willing to build it without any masonry core, although it is
60 ft. high. In the construction of all earth dams, however, it is abso-
Intely necessary to make provisions for the safe flow from the reservoir
of as much water as can ever enter it. In the discussion in Volume X
of the Transactions, Joseph P. Davis, M. Am. Soc. C. E., states:

“In the construction of the dams for the storage reservoirs on the
Sudbury River, the overflow weirs were proportioned to carry off with-
out injury, floods of 160 cu. ft. per second per square mile. Although
the gaugings had not shown a discharge of more than one-fourth of that
amount, the examinations of Mr. James B. Francis proved that such a
flood was probable at some time.”

The rule there adopted seemed to the speaker to suggest the prin-
ciple which should be followed by every engineer who designs a stor-
age reservoir. Fairly accurate statistics of rainfall can generally be
secured, and frequently there is to be found some information as to
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particularly heavy storms in the region of the water-shed. If suitable
provision is made for wasting all the surplus water which can by any
possibility reach the reservoir, there will be no danger of the dam being
overtopped by the water behind it.

The author states that ‘“ to meet the requirements in the law author-
izing the city to take water from Skaneateles Lake it was necessary to
increase the storage capacity of the lake sufliciently to store therein the
ordinary flow of its water-shed.” This additional storage capacity was
obtained by building a dam higher than the old dam, thus raising the
maximum water level of the lake. In the arguments preceding the
authorization of the works, Mr. Croes, as the engineer representing the
city of Syracuse, suggested that the available storage capacity of
Skaneateles Lake might be just as well increased by lowering the out-
let from which water was taken, thus enabling a large volume to be
drawn off which could not be taken under the conditions existing then.
But there was one member of the Canal Board, whose consent was re-
quired before work could begin, who could not see the matter in that
light, so the level of the lake had to be raised, involving considerable
expense fo the city.

CHARLES E. EMERY, M. Am. Soc. C. E. —There were other consider-
ations than those mentioned by Mr. Croes which led to the final adop-
tion of the 30-in. conduit recommended in the engineer’s reports.
The mill-owners had an interest in the water as it flowed over the dam
at Skaneateles Lake to supply the Erie Canal, and in all the legal
arguments a pipe of this size was referred to as limiting the quantity
which could be taken, its capacity exceeding but a trifle the amount of
water condemned. In these suits it was considered important that as
much water should go into the Erie Canal after as before the con-
struction of the proposed water-works, so that the mills should not be
deprived of their water powers. It was also contended that the mills
should be reimbursed for the loss of power during the winter when the
lake was filling and no water flowed from it. In these suits of a mixed
engineering and legal character, interesting technical questions are
often involved. In this case the contention was principally as to the
value of the water which would be lost to the mills while the lake was
rising, since during the rest of the year there would be no alteration
of the old conditions. The city’s defence was that very little water
flowed through the canal feeder in the winter. At one of the mills
where a large quantity of water was used in washing woolens, the city
claimed that the water-shed between the lake and mill was sufficient to
furnish the supply needed. The answer to this was that the slope was
so steep and the ground so hard that the rainfall ran off in little
freshets, and that the rocky bottom of the stream was so porous that
part of the water passed under the woolen works by subterranean
channels. The latter contention was demonstrated forcibly by placing
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some aniline dye in the creek above the establishment, which disap-
peared and came to the surface again below the works.

The abstract value of the water, apart from the power which
it might furnish, was brought up in the Syracuse cases, but the
most interesting decision on this subject is that relating to the
claim of the American Print Works of Fall River. There was mno
trouble in agreeing upon the flow of the stream from which this plant
took water. The company only owned a fraction of the current flow
for a fraction of the total fall, and the condemnation was but a small
percentage of the whole, but the appraisers awarded this company
$10 000 because the water was used for washing, etc., and nothing else
could replace it, while a less sum was divided among & considerable
number of owners of water power rights on the stream. Afterward
another condemnation was agreed to on the same basis of compensa-
tion, but when it became evident that still another condemnation must
be made it was suggested that the owners allow the city to take all the
water required on consideration that the city remit the taxes of the mills
for water power, it being evident that as the use by the city increased
there would be less water power to be taxed. The adjustment of the
various interests was an interesting problem, and the speaker was finally
able to demonstrate that the compromise was for the interest of both
parties, by assuming a water consumption in the future based on the
probable increase in population and comparing the taxes on the value
of the water with the interest on the bonds which the city would be
obliged to issue to pay for the condemnations. Eventually the compro-
mise was agreed to by both parties.

J. N. Greene, M. Am. Soc. C. E.—While the speaker had never
built a dam with a masonry core wall, he considered them an extra
safeguard. The banks he had constructed had a central puddle core,
the puddle being of the best gravel and clay, without any loam.
With such material, properly placed and thoroughly packed, a dam
can be made impervious to water. The objection to the masonry core
wall is that it is seldom tight as usually constructed. The water
penetrates through the earth to the masonry so that eventually the
entire up-stream face of the core is exposed to a hydrostatic pressure,
and the water passes through the masonry into the lower side of the
dam. To obviate this and to combine all the advantages of puddle
and masonry in one structure, he recommended building a masonry
core and placing a puddle wall against its upstream face.

Many earth dams have gone out because engineers have only made
them impervious up to the assumed high-water line. During unusual
freshets the water would rise above this line, where there was no
puddle or core to prevent its percolation through the earth. The top
of the dam would be washed out and then its face, resulting in the
partial or complete failure of the entire structure. Mr. Bogart’s
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statement that the water will not overtop the bank when the spillway
or other outlet is suitably designed the speaker considered true
except on extraordinary occasions. The latter do occur, however, and
provision must be made for them by making the dam impervious to
its top.

L. L. Buck, M. Am. Soc. C. E.—The nature of the material on
which the dam or embankment is to be built must be considered in
determining the material and form of construction of the dam itself.
If the dam is to be built on solid rock, a masonry core might be useful
in some cases, but even on a rock foundation a puddle wall has been
found to serve the purpose fully. But in works like the Mississippi
levees the masonry core would be an exceedingly doubtful construc-
tion. The same conditions frequently occur in canal embankment.
As for the insertion of pipes through a reservoir embankment, it is
not to be supposed that an engineer would lay them directly in the
earth. If he could not build a gate-house for the pipes, he would at
least have a series of flanges around the outside of the pipe so as to
bond thoroughly with the puddle wall.

G. L. CHRISTIAN, Assoc. M. Am. Soc. C. E.—The paper states that
the cement was tested in the form of & mortar mixed in the proportion
by weight of 1 part of sand and 1 part of cement. The general
method of testing cement throughout the country, the speaker be-
lieved, is in & mortar in which the sand and cement used are propor-
tioned by volume, not by weight, and he thought the author should
explain the reason for his selection of another method.
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CORRESPONDENCE.

J. L. Vax OrNuM, Assoc. M. Am. Soc. C. E.—Engineers will be in- Mr.VanOrnum
terested in a fuller explanation of the surveys, the accuracy of which
has so great an influence on economy of construction where alignment
and grade are most important factors, and the avoidance of any amount
of rock excavation means a considerable decrease in cost. The author
states that the topographical notes were obtained by sighting along
the edge of a slope board so graduated that a suspended pendulum in-
dicated the horizontal distance between contours; knowing the length
of the slope, the number of contours on the slope is known and
plotted. Will the author state how the length of the slope was
measured? The method of graduating the board indicates that it
was measured horizontally. From the fact that a contoured map was
plotted from these observations, it is evident that such distances were
accurately obtained. A contoured map does generally and should
always involve the principle of exactness within the limits of its
scale. Engineers are coming to use instruments of precision for ob-
taining topographical data, with little or no extra expense. If the
slope board, formerly so much used on railroad topography, still
holds a field of peculiar applicability, they will be interested in having
that field defined.

The writer believes the care and ability shown in the laying and
inspection of the pipe line to be a valuable example, especially the
hydraulic test on the pipe in position before the different sections of
the trench were finally refilled.

Joax W. HiLr, M. Am. Soc. C. E. —The bacterial condition of the Mr. Hill,
water of Skaneateles Lake, according to Dr. Currier’s report, is
remarkable, and except sewage contamination of the water occurs at
some time in the future, the typhoid rates for Syracuse, so far as the
local water supply is concerned, should be very low. The reference
to living bacteria is unnecessary, the dead bacteria are of course
beyond the power of reproduction, and even if pathogenic varieties
were among them, they are beyond the possibility of harm. It is
very gratifying to know that in passing on the quality of this water,
chemical tests alone were not relied upon. Heretofore the chemical
test has been regarded as sufficient for sanitary purposes, when it is
well known that some of the most harmful of pathogenic germs will
flourish for a long time in water, which from the chemical point of
view would be eminently potable.

It is suggested that a comparison of the typhoid fever rates for the
five years previous to the introduction of the Skaneateles water, and
for a few years after will furnish valuable information to those of the
profession interested in the purely sanitary features of water supply,
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for the true test of the quality of the water will be its influence on the
health of the citizens of Syracuse.

L. J. Le Conte, M. Am. Soc. C. E.—~The author pictures the
usual malady which kills water companies throughout the country,
namely, their inability to anticipate the rapid growth in population,
as well as a general lack of judgment and foresight in grasping the
irresistible necessities which the future always develops. In all cases
the public is the body to be satisfied, and they must be gratified nolens
volens.

The 30-in. cast-iron conduit is made of heavy iron, and this fact
suggests the propriety of using steel pipe instead. The writer has no
doubt that the item of transportation and hauling these heavy castings
over such a rough broken country to the site of the pipe line must
have been a slow and expensive operation.

The 4-in. air valves, as shown, are automatic only when acting as
vacuum valves, while the pipe line is in process of being emptied, and
to let air escape from the pipe line the valve has to be forced open by
means of a screw stem overhead. Looking at the profile, Fig. 10, it is
natural to suppose that at the light-pressure summits, say at 4.5, 12.0
and 15.5 miles, there will be a constant tendency toward the gradual
accumulation of air, and to such an extent as to seriously retard the
flow of the water column unless removed from time to time.

The air valves used on the Pacific Coast nearly all work auto-
matically both ways, that is to say, they will allow confined air to
escape, and also will act as a vacuum valve and allow air to enter
the pipe line while being emptied. This double automatic action
is best accomplished by use of a heavy ball-float immediately below
the valve seat. By its flotation the valve is closed up against its
seat, and by its weight the valve is pulled down and open when air
accumulates.

Cement-lined pipe has been used largely in California for the past
30 years. Experience seems to show that so far as durability is con-
cerned, the larger sizes, 14 to 16 ins. in diameter, used as street
mains, which suffer little or noshocks from water hammer, have lasted
very well. On the other hand, in the smaller sizes, near hydrants
under high pressure or near elevator valves, where they are subjected
to sharp periodic water-hammer shocks, it is found that the inside lining
crumbles all to pieces in a short time. Watering carts and steam fire
engines have been often choked up and disabled by the débris dis-
charged from the hydrants during a heavy draft on the street main.
Hence this class of pipe is being taken up and replaced with cast-iron
for dietribution systems.

W. R. Hmun, M. Am. Soc. C. E.—Replying to Mr. Croes, the author
would state that as the Legislature had limited the size of the conduit
to 30 ins. in diameter, it was important that it should be of such mate-
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rial and so constructed that it would carry the greatest possible quantity Mr. Hill.
of water. With a steel pipe the flow of water would be retarded by the

seams and rivet heads. Emil Kuichling, M. Am. Soc. C. E., Chief
Engineer of the Rochester Water-Works, made a very thorough exam-
ination of the loss of velocity due to seams and rivet heads in a 24-in.

. wrought-iron conduit and found the loss to be fully 10% as compared

with a cast-iron conduit of the same diameter.

In answer to Mr. Gould, the author would say that the grillage
under the dam at Skaneateles Lake rests on a very compact bed of
stiff clay. Around the timbers the material was thorough-puddled
and many timbers were bedded in concrete with the space between
them filled with the same material. On the up-stream side of the
grillage at the bulkhead a row of sheet piling was driven. Along the
top of this the material was excavated to a depth of 2 ft. This space
was filled with concrete to a height of 1 ft. above the tops of the piles,
completely covering them. On the down-stream side of the grillage a
frame of timber faced with plank was set in a trench 4 ft. deep, filled
with puddle. The bed of the stream below the grillage was paved
with stone. Through the center of the dam a row of 5-in. sheet piling
was driven to a depth of 12 ft. Between this row and the down-stream
edge of the grillage, another row of piles was driven to a depth of 8 ft.
The author has no fear of any stream of considerable size finding its
way under the dam through the piling; in fact the gates of the dam
were closed during the entire winter of 1894 and 1895, and there was
scarcely any leakage. A grillage in this case was adopted for its desir-
able use as a flooring at the bulkhead, for a foundation of the cast-iron
sluices, and for its use as an apron below the gates and spillway. It
will be noticed that the spillway extends nearly the length of the dam.

Referring to Mr. Gould’s remarks relating to the reservoir embank-
ment, the author thought that if hydraulic engineers find a suitable
location for an earthen dam with a firm foundation of hardpan or other
impervious material and with good material of clay and gravel to make
the embankment, they should not needlessly expend the money of a
municipality or corporation in constructing a masonry core wall.
Earthen dams, like all others, should be built with the greatest possi-
ble care. The embankment of Woodland Reservoir was built and
allowed to settle one year before it was faced with concrete and
paving.

Replying to Mr. Christian, the author is not fully satisfied that the
general method of testing cement throughout the country is a mortar
in Which the sand and cement used are proportioned by volume, not
by weight. The United States engineers in their specifications for the
important work of constructing the Sault Ste. Marie lock required
that the proportions should be obtained by weight, and many others
do the same.
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Mr. Hill.  Replying to Mr. Van Ornum as to how the length of the slope was
measured in taking topographical notes, the author would state that
where great accuracy is required, it would be well to measure the
horizontal length of the slope, but for ordinary work the distance
could be estimated.






