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CHAPTER I - IKTRODUCTION

Water Purification and its attendant probleme are,
at first thot, supposed to be of a purely civil nature,
and such as not t¢o come to the attention of & mining
engineer. This is true in many cases; however, it is an
engineering subject which a mining engineer may, for

various reasons, be, called upon to use.

In many instances, mining development is undertaken
in localities where no develorment of a cultural nature
is present. It then devolves upon the mining engineer
in charge of the development to provide suitable and
sanitary living conditions, both for himself and his co-
workers., These efforts for sanitation are of a neéessity
rather c¢rude in the early stages of any mining develop-
ment, but as the work progresses, they must be made
more and more to conform with the principles of modern,
up-to-~-date practice.

The fundamental basis of sanitary living conditions
is a'good water supply system, for without water it
is impossible to dispose properly of human sewage and
industrial wastes. By a "good water supply system" is
meant a system of pipes that will deliver a pure,

wholesome water at the necessary pressure.



Even in the older, fully develcped and well established
mining cormmunities the demand for a good waterworks
system is increasing, because of the laborers' demands for
btetter living conditions. The mining companies are,for
the most rart, in favor of acceding to the demands of
their émplovees in this respect, for besides raising
the standard of living of the employee, and thereby
making him a contented worker, a good water supply
systern enhances the value of property owned by the
nmine and gives them adeQuate fire protection. In fact,
in many localities and small settlements that depend
upron a mine for their existence, the question of
water supply is qukte often given the proper impetus
by the mining companies, and in some cases such projects
are financed and operated by them entirely.

The purpose of the foregoing paragraphs is to try
to show that in these days of vastly improved living
conditions the mining engineer must take cognizance of
the fact that he must delve more and more into
subjects which were heretofore thot to come only under
the head of the civil engineering. It is a recognized
fact that mining engineering profession needs for its
ranks the most versatile of technically trained men.

Therefore, it behooves the young mining engineer, who



wishes to be successful in his profession, to give
scme attention to civil engineering subjects, one

of the most important of which is water purification.

This thesis deals with the problers met in
solving the water supply Question for a small coal mining
comrunity in southern Illinois. It will contain
a brief general treatise on modern water purification
with a discussion of the varicus methods and steps
in modern vractice, & set of drawings and sreclfications
for a water supply system for this comrunity together

with an exyplsnation of them.
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CHAPTER II - WATER PURIFICATION IN GENERAL

Water purification rmay be defined as the art of
removing foreign and polliuting substances from solution
and susypension in water. The object for wwhich these

impurities are removed naturally falls under two heads:

l. Reroving organic matter and disease producing
organisme from the fouled water or sewage of a
conrunity.

2. Treatment of impure water sc as to make it
hygienically safe for drinking, and sulitable for

industrial purposes.

Under the first of these heades comes the problem
of sewage and sewagze disposal., Since all matter is
indestructible, it follows that water, which comprises
a great portion of the earth's surface must undergo
scre sort of a cycle, This cycle includes precipitatioﬁ
from the clouis, gwound filtration, use by man, dis-
rosal and evaporation. The uses to which water is pui
by man are varied; it is ueed for drinking and hygienice
rurposes, in industrial plants and as a means of disposing
of sewage. Treatment of this water used as a transporting

body for sewage is the subject included in the first of



the above heads. Modern engineering has devised methods
for the treatment of these waters to make them pure,

pure in the sense thst they are hyglenically and chemical-
1y clean. However, these waters are mwer purified,at that
stage, to the degree necessary in drinking water. In
general it might be said that sewage waters are puri-
"fied only to the extent of making them pure enough not

to cause stream pollution. This stage is primary in

the process of water purification. After being discharged
into streams and there being diluted, they are at some
point again used and treated to make them fit for

human consurption.

The purpose of this thesis, however, is to deal
entirely with the problem presented under the second
of the above heads, and with specifice reference
to the design and construction of a water supply
syster for a mining or industrial comrmunity of about
3500 inhabitante. It is true that it is possible to
carry on water purification for industrisl purposes
independently of the more refined methods used for
drinking purposes, and freqGuently this is done by
large industrial concerns using large quantities of
water and located where there is no adeduate municipal

suprly. The increasing shortage of good water in the



rast few years has made itself acutely felt by industrial
rlant owners and residents of socuthern Iilinois, so the
problem of'furni:hing a good, clean, wholesgome water in
sufficient quantities for both domestic and industrial
purposes 1s one that is met and has to be solved

frequently ir this lcczlity at this time.
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CHAPTER III - SQURCE QF WATER SUPPLY

The source of water is primarily the sare, that is,
frorm precipitation out of moisture—la&en clouds, but
the collection and stcrage of this rainfall in the
-prorer location and in suitable guantities for present
consumptiom and s reserve suprly during pemibdsso@r
drought ie indeed an emtirely different Question.

The imrounding receptacles for the storage of water
pricr to its treafment may be divided into five general

zlasses:

l. Wells, Deep wegls and artesian wells,

2. Natural lakes.

3. Large sireanms.

4., Dammed streanms.

5. Reservoirs.

Deep wells and artesian wells deliver a practically
rure water and in m%? places this water is used without
subseqguent treatment, whereas in other places this water
is prevalent with dissolved mineral matter and must be
treated to remove such matter and disagreeable tastes and
odors. Shallow wells are more apt to be polluted; it is
& fact that small, shallow, domestic wells are cften the

media thru which various diseases are transmitted.



Natural lakes form a large source of water supply.
The degree of purity of these waters depends upon theh
character ¢f both the influent and effluent streams,
size, character of the bottom, etc. It is in general
necessary to purify lake water by some artificial means
before it is fit for human consu%}ion. Quite often,
lake water is comparatively free from suspended matter,
for the lake basin forms a natural settling reservoirs;
&t other times it may be unusually muddy zand turbig,
depending upon the character of the bottom and the

currents which disturb it.

Large streams are probably the greatest source cf
water supply in this country. Strean water is apt to be
imprure to a higher degree because most streams are at
some point used as transyorters for sewage. The degree
of impurity depends upon the density of the population
of the area thru which it flows. Yet from these sireams
comes water which is ultimately the finest drinking
water that can be obtained. An example of this is the
Illinois River. Into it flows the sewage of the entire
Chicago district as well as that of some of the larger
cilties farther downetream. Peoria, Illinois obtains
its water supply from this strear at a point where it
is so polihuted that at certain times of the year it is
aaid that animal life is practically non-existent in ift.

-O-



This water is treated in & mcdern plant and Pecria is
supplied with a very good water. The Illincis River
flows into the Mississippri River and altho it is diluted,
it still retahs a high degres of pollution when it
reaches the vicinity of St. Louis, Missouri. The ity
of St. Louls obtains ite water supnly from this strean,
trezts 1t, and the result is a water that is noted for
ite purity. These are some extreme exanples of stream
rollution and what an adeqaate purification system will
do. On the cther hand, as in mountain streams, far
removed from’civilization, gtrear weater is freQuently
used safely in its original condition, but this only

in rare instashées and seldom ir quantities large
encugh for any considerable suprly. In genera;)river
water must be treated to make it safe and fit for

human use.

In & great many instances, 1t is necessary to dam
small streams so that a sufficient water reserve can be
naintained for a given consumption. Reservoirs cr mere-
ly the resultant vasins formed by damming a small stream
or several small streams. In this case the size of the
regservcir depends upon the rate of consumption, the
percentage lost thru evaporation and leaks. The possible

eize of the reserveir in any place depends upon the

-10-



existing topography and the extent of the water-shed

feeding the reservoir.

-11-



CHAPTER IV - SUMVARY OF PRECEDING CHAPTERS

It tas been the purpose of the foregoing chapters
to show that practically all water must undergc some
prrocess of purification, for abscolutely pure water is
seldom found in nature, owing to the readiness with
which it absorbs impurities frow the air and soil. Even
rain water contains a trace of ammoniacal salt; and the
so~-called "pure water" from natural springs is often
impregnated to a great extent with soluble substances
derived from the strats thru which it passes. Lake and
pond vaters are apt to be discolored and contain im-
puritées of both a vegetable and organic nature. River
water usually conteins, in addition to the impurities
already noted, sewage and refuse from Irdustrizl plants,
which make it capa®le of transmitting typhoid and
kindred diseases of a zymotic nature.

Aside from ite sanlitary importance, clean water is
absolutely necessary in many industries; in fact, of
such importance that an abundahé natural supply of water
formerly determined the location of many industrial
plante. In the case of mines and such industries de-

rending for development upon natural resources, the

-] 2



the location of the mine or industry is fixed and the
rroblem of getting to it an abundant supply of wholescme

water must be solved.
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CHAPTER 1 - METHODS OF PURIFYING WATER

Years cf study and scilentifice reseazarch have narrowed
the subject of water purification down to one thing, mame-
ly,mechanical filtration. Mechanical filtration has
been flttingly called man's imdtation of nature in the
purification of water.

Of itself, mechanical filtration is e=zsentially a
straining and not a softening or cehemical process, altho
these adjuncts are used frequently in connection with it.
Under the generzl head of purification, other processes
are sometimes employed - ozonation, chlorination, ultra-
viclet rays, water-scfteners such as lime and soda, and
the oxidation of iron by asration and artificlal zeolites.
None of these processes takes the place of filtration,
and with most of them filtration is required, either for
preliminary or subseguent treatment to remove color and
euspended matter.

In the plant described in sﬁbsequent chapters of this
theeis, the principle of mechanical filtration is employed
primarily, and it is that subject which lends itself Inic
a brief discussion in the chapters immediately following.

-15-



CHAPTER LL - MECHANICAL FILTRATION

A1l mechanical filters operate on practically the
sare principles. The water ig passed thru a filtering
medium which strains out the impurlities. Natuarlly,
the more dense the filtering medium, the finer the
strainer, and therefore, the more perfect the filtra-
tion. During the development of mechanical filtration,
there has been used excelsior, sponges, composition
stone, cotton fiber, charcoal, coke, quartz and other
materials, but it has finally resclved itself down to
the use of layers of graded gravel and silica eand, and

these are the medis now generzlly employed.

The bed of filtering material is contained within
a tank into which the water enters at the top percolating
down thru the bed, leaving the impurities within. The
bed of filtering material is superimposed over a manifold
strainer system which cdilects the water as 1t fllters
down thru the sand and gravel , and delivers it thru a
syster of pipin# to a storage charber or clear well,

In filtration, the coarser, suspended matter is
readily retained but particles smaller than the interstices

between the grains of sand would slip thmu if they were

-16-



not retarded. This is accomplished by the formation, onm
the filter bed, of an accumulation of the foreign matter
removed from the water, which coagulates and forms a
sludge of greater dehsity than the filter itself. This
coagulation ig accentuated by the addition to the raw
water of some chemical, and this subject is discussed

in the next mhapter.

-17~



CEAPTERIII - CHEMICAL TREATMENT

The first chemical treatment necessary in anv raw
water is the addition of some salt to aid in the
formation of the coagulum which covers the filter bed.
The chemical salts usually used are either Alum or
Sulrhate of Alumwina, and the chemical reactions which
result are as follows:

When alum is used:

- K,A1,(S0,),+ 3 CaCO,+ 3 H,0=
3 BalBQ, + K,S0, 3 00, A1,(0OH)s
When sulphate of alumina is used:
A1,(SO, ),+ 3 CaCOy + 3 H,0=
3 CaSQ,+ 3 CO, Al,(0OH),
The coagulum thus formed is fittingly termed by the
Germans, "Schmutzdecke."

A solution of the coagulant salt is added to the
raw whter when it first enters the filter plant. This
is usually done in some scrt of a mixing basin to in-
sure the proper mixing of the raw water with the coagulant.
It then passes into a sedimentation chamber, which is
a tank large enough so that the water will be retained
in it for a sufficient period and &tra comparative state

of gquiet, so that coagulation can take place.

-18~-



A comron example of coagulation is the clarifying
of coffee by th e means of the white ¢f an egg. The
coagulum formed in water processes gradually aggregates
together, precipitates or subsides theu the water, en-
veloping and dragging down such suspended matter and color
with which it comes into contact, and after derositing
the heavier portion in the sedimentation basin, finally
rests in a greater or less degree upon the tor of the fil-
ter beds. This coagulum in turn reroves frony the water
particles of matter too fine to be caught by the sand.
Eventually it becomes impervious and must be removed by

washing.

Another process used in the treatment of water is
the addition of liquid chlorine in minute quantities to
kill plant and animal organisms which have found their
way thru the filterse into the clear well. The uwltra-
viclet ray is sometimes used to accomplish the same
purpose, but &¢hlorination is in more favor. The chlorine
is either introduced into the clear well, or into the
suction line of the pumps which remove the water from

the clear well.
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CHAPTER I - GENERAL

p\an+
The filtration hereinafter described was designed

to provide approximately 750,000 gallons of filtered
water every twenty-four hours. For the preé@t population
of the city for which it was designed, it is necessary

to keep it in operation only eight hours out of the
twenty-four, the idea being to operate during the day-
time and during that time to store & sufficient reserve
to last thru the night. The plant was made large enough}
however, to0 more than supply any estimated future
derand owing to an increase im population or the location

of new industries in the vicinity.

The plant is lo@sted on the bank of the Little Wabash
River about seven miles from the city which receives the
supply. It is pumped from there to the c¢ity thru standard
water mains and many of the farmers enroubts have taken
the advantage of the system. Power foeornthe motors is
supplied from the municipally owned power plant in the
city thru a high tension line to the filter. A number
of the farmers have installed transformers and are also
using thie high line as a source of light and power.

The syster was designed for a sity that préviously

had installed water mains in its streets and was furnished

-] -



a raw water for fire protection purpcses only. During
the drought in that area during the entire year of 1925
fhe eitysdecided to pipe to the river and there erect
g modern filter, and thus be assured of an adequate
gsurply of good water at all times. The reservoir went
dry during this period and the need for water was
acutely felt. Several fires had to go unchecked because
of the scarcity of water and at one time water had to

be shiypped in for drinking and washing purposes.

The previcus system derended for pressure upon
a 80,000 gallon, 100 ft. elevated steel tank, and it
is into this tank that the present water is pumped.
There is about 100 feet 4f topographic relief between
the city and the river, the tank is 100 feet high,
and about 50 feet of head was lost due to friction
in the seven miles of pipe line, making a to:l
total head of about 350 feet. The pumps at the filter

wage designed to take care of this head.

In discussing the plans of this filtration plant
in the following chapters an effort will be made to
follow the water from the time and point it is taken from
the river, thru the various processes of purification,

and until it is delivered to the consumer.



CHAPTER II - THE SUCTION FELL

The suction well for this system is a reinforced
concréde masonry tank and was built to protect the end
of the suction pipe and to form a sump for the collection
of the water. It is circular in horizéntal cross-section,
5'«0" in internal diametsr, and 10'-8" deep. The size
anl shape was determined to a large extent by the character
of the river. The river is one which passes thru largs
sactions of timbered land, therefore it transports leaves,
sticks, brush and even logs of a considerable size. A
structure had to be designed which would offer the least
obstruction to material of this nature, therefors the
¢ircular well. It was built in an excavation in the rock
bed of the river so as to have formed a sump for the
collection of water at all stages of the river. The water
enters the suction well thru eleven vertical slots inthe
wall, each 4" X 3'-0", These slots are covered with 3/4"
mesh screen to exclude leaves and srmall sticks. It was
impossible 4o devise any means of finer filtration at this
point; sand and small pebbles will enter the well and have
to’be removed perlodically. Thisfdong by gaining access
to the inside of the well thru a trap door in the top, and
ladders on both inside and outside walls. It will be

noted ‘rom the Plans that the outside ladder was placed

-23-



on the downstream side, it having bsem remembersd that
such a thing would cause obstruction and ke a lodging

place for stream floal.



CHAPTER LII - THE SUCTION LINE

The suction line is an 8", bell and splgot cast iron
pipe, at the lower end of which is placed an 8" foot
valve. This is merely a valve which opens in a direction
of flow toward the purps, but aubtomatically closes when
the pumps are shut down, thus retaining the water in
and above it. Thes suction line entdérs the low=-1lift
pump house and is attached to the suction nozzles of the

low=1ift pumps.



CHAPTER IV -~ THE LOWSLIFT PUMP HOUSE

The low-1ift pump house is situated on the bank of
the river which is about fifteen feet above low water
level and out of range of ordinary high water. It is a
sjuare concrete structure having an internal size of
10" X 10', and surmounted by a brick building. The en-
tire structures is ierected on sleven 13" diameter piles
made of concrete and carried to bedrock. It has two
floors, one just above the piles, and the other being
the flocor to the brick building. The pumps are located
on the lower floor and are two 500 G. P. M. , Motor
driven and designed for a head including friction and
suction 1lift of 100 ft. They are connected in parallel,
but by an arrangement of piping and valves, either can
e operated independently of the other. The brick structure
is used to house the transformsrs for the entire plant.
A hatchway is left in the flooe, of sufficlent size to
allow the admittance of the pumps, and for use as a man-
hole for futurs inspection of the pumps. No provisich was
made for removing water from the floor around the pumps,
but the building is so designed as to be higher than
any high water record of previous years. Admittance is
gained to the inside of the house by means of ladders on
the insid= and outside of the wall. The discharge of the

punmps is connected to & 6" discharge line.
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CHAPTER V - THE DISCHARGE LIVE

The discharge line is a 8", bell and spigot, cast
iron pipe. It is attached to the discharge of the low-
1ift pumps and i3 terminated in the mixing basin by a
float-controlled valve. Near the point of entry into
the mixing basin, a tee connection takes a 6" line into
the flume off the sedimentation bhasin. This line is con-
trolled by a 6" gate valve, and is used to by-pass the
water around the mixing and sedimentation basins during

the time those units are being cleaned.



CHAPTER VI -~ THE MIXING BASIN

The mixing basin is an integral part of the filter
structurs, a concrete tank, 21'-3" long, 6'-0" wide, and
varying with the slope of the floor, from 11'-3" to
11'-9" deep. In it are placed cypresa baffles, so arranged
that the water must flow over one, under the next, etc.
The flow of the water around these baffles insures its
mixture with the ccagulants which are introduced at the
influent end of the mixing basin. The floor of this basin
slopes To plug drain valve controlled, 8" vitrified tile
sewer outlet, which when opened will drain the basin. The
baffies slide in slots formed of channels of sheet retal
80 that they may be sasily removed for repair and renewal.
Openings are placed in the bottom of each baffle extending
to the floor, and proverly covered with flaps so that
water will flow thmu them towards the drain but will
remalin closed when the baszin is in oreration. The bhasin
has a 9" freeboard and the float valve on the influent
raw water line -1s regulated to close when this level is
reached. The water leaves this basin thru opengm;t the end.
These openings are arranged to take stop planks so that
that the water can be made %o flow elther directly into
the sedimentation basin, or by-pass the sedimentation

basin and go directly to the filters.

-28-



CHAPTER VII -~ THE SEDIMENTATION BASIN

The selimentation basin is a reinforced concrete
tank, 36' X 48', and from 13'-8" to 14'-3" deep, de-
vrending upon the slope of the floor. Along its entire width
runs a flume which connects with the settled water
flume, in which are ovenings arranged to yake stop planks.
Thru the center of the basin runs a brick baffle wall
extending to within 8 ft. of the sedimentation bhasin wall
at 1ts outer end. During normal operation the water enbérs
the sedimentatidn basin from the mixing bvasin, and the
stop planks in the flume are so arranged that it ﬁust pass

around this baffle to get into the flume and the filters.

The capacity of the sedimentation basin is approxi-
mately 186,000 gallons or one-fourth the rated capacity
of thz plant for twenty-four hours. This means that the
sedimentation basin has a retention period of about six
hours, or in other words, from the time a particle of
water enters from the mixing basin, six hours elapses
before 1t is d&scharged from the sedimentation basin., Dur-
ing this time its shortest travel is some ninety feet,
80 1% can be seen that while the water is in the sedi-

mentation basin it is practically at rest. Owing to this

-29-



comparative state of rest, the heavier suspendsd matter

gettles out of the water tc the flcor of the bvasin.

A plug drain valve controlled, 8" vitrified tile
outlat is placed at the low point in the floor of the
sedimentation bagin. This is necessary to facilitate the

draininz and cleaning od this unit.

-30~



CHAPTER VIII - THEWILTERS

The filtsrs of this plant consist of two units, each
13t-g" X 9'-0" by 8'-8" deep. This gives a total filper—-
ing area of 243 square fset, so that when both units are
overating they must filter approximately 2 gallons of
water per sjquare foot ver minute, to fill the rated capacity
of 500 gallons per minute. This is the usual amount of

whter which these filters can take care of.

In each unit is placed two wash water troughs, so
designed as to carry the wash water, as it leaves the
filters, into a 13", plug drain valve controlled, vitri-
fied tile outlet. Under the gravel and sand is placed
the cast iron manifold and stralnervsystem. This conaists
of a 10" cast trén manifold from which extend to the sldes
of the filter, a series of 2" galvanized iron laterals,
‘drilled with 5/18" holes. These manifolds are connected
to the rate of flovw controllers. Thevy are also connected

to the wash water pump by means of a tee connection.

The water enters the filters thru openings in the
settled water flume, which are controlled by sluice gates.
It trickles down thru the filtering material, is collected
by the strainer system, and discharged into the clear

wd4ll thru the rate controllsrs.

-31-



CHAPTER IX - THE CLEAR WELL

The clear well is merely a bzsin for the ztorage of
the filtered water., It is below and extends the entire
langth and width of the pump room and filters and is
approximately 15 feet deen. It has a capaclty of about
75,000 gallons. Access is gzained to it thru a manhole
in the pump room floor. Into it extend the filter
effluent and high 1ift pump and wash water pump suction

lines.
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CHAPTER X - THE PUM

d

ROQM

The pump room 1s on the first floor of the filter
building and housesthe high 1ift and wash water pumps and
motors., The high 1ift rumps are two 500 G. P, V. centrifu-
gal pumpes, one driven by aﬁ electric motor and the other
by zan automobile type gasoline rcengine. The engine driven
punpy is an auxilliary unit to be used when repalrs are
neceasarv on the motor driven unit. The wash watsr
pump 1s a motor driven, 1800 G. P. M. centrifugal pump.
The high 1ift pumps work against a head of 250 feet, and
the wash water pump against a maximum head of about

10 feet.
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CHAPTER XI - THE QOPERATING ROOM

The operating room is én the second floor of the
filter bullding andl immediately aboves the pump room. Here
are placed all floor stands which control valves in the
piping of the pump room and filters. It also contains
the solution tanks, loss of head guages, orifice tanks

and chlorinator.

From this floor the operator can see the filter
beds and watch their operation. He can also note the

operation of the mixing hasin from this floor.
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CHAPTER XII - QPERATION QF THE PLANT

The plant is so designed that it can be operated
entirely from the opersting floor. The operator must make
periodic tests of the raw water to determine the per—
centage of free chlorine, alkalinity, turbidity and
color.The result of the last two determinations will
inform the operator of the amount of ceagulant to be
added. The alum is mixsd with water and placed in the
solution tanks and from them flows into the orifice tanks.
The orifice tanks are devices for regulating the flow of

the coagulant solution into the mixing basin.

After the coagulant is added to the raw water the
resultant liguid is thoroly mixed in its passage around
the baffles of the mixing basin. The operator must so
arrange his stop planks that the water will flow indod
the sedimentation and around the brick baffle there, and

not directly into the settled water flume.

The sluice gates in the settled water flume are left
open during overation and the water rassss thru them and
the filters as explained elsewhere. The operator must
keep the rate controllers regulated so as to deliver
the rated Qquantity of water from the filters to the

clear well.
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Liguid chlorine is introduced inte the suction pip-
ine of the high 1ift purps by & Wallace & Tiernan
chlcrinator. This is = device which releases a drop of
chlorine 2% vperiodic intervals, and can be rsgulated
to give pulsationsg at any interval required. This &=
vericd of pulsation dependsupon the amocunt of fras
chlorine in the raw water and is generally about one

drop in from fifteen to twenty seconds.

As the filters are being used,they eventually clog
up with the filtered matter taken from the watser as it
passes thru them, and they must then be washed. The point
at which this 1is necessary is determined by loss-of-head
guages attached to the filters. When the filters are
clean this head is a maximum, but as the filter operates
and begins to clog the head drops off gradually, and at
the point where the head reaches zero or nearly zero the
filter must be washed. One unit b8 washed at a time. A%
this operation the operator reverses the flow of the water
thru the manifold and strainexr system by the foli%ing
steps:

1. Closes the sluice zate for the unit being washed.

2. Opens the pvlug drain valve in the wash water

sgwer connecting with that unit
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3. Closes gate valve in filter effluent line of that

unit,

4. Opens gate valve in wash water discharge to that

unit.

5. Starts wash water pump.

The operation of washing is then carried on auto-
matically. The wash water pump takes filtered water from
the clear well and forces it thru the manifold and
strainer system, thence uprard thru the filter beds
where it collects the residue. When this watsr reachss
the top of the filter bed it flows over into 8 concrdéts
wash water troughsand out of the building thru a sewer.
At a time when the unit is wash Sufficiently, it can be

again put in operation by a reversal of the above steps.

This plaht is so designed that the raw water can be
by-passed around either the mixing or sedimentation basinse
or both simultaneously. This is done by a systenm of pip-
ing, valves and stop planks, a8 will be sean by réd#erence
to the Plans. Tﬁis is necessary, because at intervals these
vortions of the plaht must be cleaned of settled material.
These tanks are cleaned by the following steps.

l. By-passing the water.
2. Bprening plug drain valves.

3. Flushing with a pressure hose.
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PART IV - THE SPECIFICATIONS
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SPECIFICATIONS
FOR
A WATER SUPPLY SYSTEM
FOR THE
CITY OF

P. D. Vindsor,
Belleville, Ill.
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GENERAL INSTRUCTIONS TO BIDDERS

1. Attention of bidders is called to the fact that the
s8timate of Quantifties given below is believed %o be cor-
rect, but is given only as a guide in checking such esti-

mate a3 the bidder may make, and as a basis of calculation
upon which the award of the contract may be made. In case

any discrepancy appsars between the figures enumerated

and the gquantities shown upon the Plans, or as determined

by measurement of work actually done, the quantities ob-

tained from the Plans or measurements shall prevail.

2 The bidder is expected to examine to his satisfaction
the site of the propesed work, and also satisfy himself
by such means as he may prefer, as to the quantities of

work to be dons.

3. A11 proposals must be filed with the City Clerk on

or before the time specified in the "Notice to Contractors."

4, All proposals shall be in sealed envelopes endorsed,

*Proposal for City of , Water Supply Con-

gstruction, ™ and shall be addressed to s

Mayor, .

5. More than one proposal from an individual, firm,

partnership, corporation or an association umder the same
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or different names will not be considerei. Reasonable
ground for belisvéng that any bidder is interested in
more than one rroposal for the work contemplated will
cause the rejection of all proposals in which such bidder
is interested. Any or all proposals will be rejected if
there is rsason to believe that collusion exists among

bidders.

8. Mo proposals will be considered unless accompanied

by cash or a certified check, in a sum not less than 5%

of the sum of the bid submitted, and proposals submitted
to cover more than one section shall be accompanied by a
certified check for each section, for the same sum as re-
quired for each section when proposals are submitted
separately. In no case shall the sum of such cash or certi-

fied check be less than Three Hundred Dollars ($300.00)

7. Checks shall bemade payable to the order of the Mayor
of the City of and such check shall be held

forfeited to the City as damages due to delay and other
" causes, should the successful bidder fail to enter into
a contract and subpit a bond acceptable tc the City within

ten (10) days after notice of acceptance of the bid.

€. Checks of unsuccessful bidders will be returned with-
in ten (10) days of the time of the opening of the bids,
to the respective bidders, except that the checks of the
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thres lowest vidders will be retained until the Con-
tractor!'s Bond of the successful bidier is accepted and
arproved, at whick time all chec¥s will be returned to

the respective owners.

d. No contract will be awarded except to responsible
bidders capable of performing the class of work contem-
plated, and if requested by the City, bidiers shall
supprly such information relating to previous sxperience
in works of like character as shall permit the City to
investigates thelr experience, skill and business stand-
ing. Failuee of the bidder to suprly such information
will cause his bid to be rejected without further con~

gideration.

1lo. Before entering into a contract, the bidler shall
exscute & bond in the form prescribed by law, in the

penal sum of the contract, with a Surety Company, to be
approved by the City, or shall furnish a bond of a form
approved by the City and with sureties acceptabls by the
City, such bond to be conditioned that the bidder shall
parform the work in accordance with the terms of the con-
tract, and with the Plans, Specifications and Ordinance,
and that he will commence and complete the work within the

time prescribed in the contract.
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Such bond shall alsc provide against any direct or
indirect damages that ray be suffered or claimed on ac-
count of such construction during the %ime thereof an un-
til the work 1s completed and accepted, and provide also
that the full amount of saild bond shall be conditioned al-
8o upon the payment, by the Contacyor, of all sums of
roney duve for any labor, materials, apparatus, fixtures
or machinery furnished to the Contractor for the purpose
of this construction. It is also understood that the full
amount of the bond shall inure to the benefit of any per-
son to whom money may be due for any labor, material,
apparatus fixtures or machinery furnished, and suit may
be maintained on such bond by any person for recovery

of any money.
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GENERAL SPECIFICATIONS

11l. Vhenever the term "City" is used in these
Specifications, it shall be understood to mean the City

of s party of the first paet to

this contract, acting in its official capacity thru

its lsgal and authorized representatives.

12. VWhenever the term "Contractor® is ussd it is under-
stocd tc rean the ﬁerson or persons who entered into this
contract as pBrty or parties of the second part, his or
their heirs, administrators, executors, successcrs or

assigns.

13, VWhenever the term "Engineer" is used it is under-
gtcod to mean the Engineer dully appointed bty the City for

this proiect, or his authorized rerresentative.

14. TVThenever the term "Plans" is used 1t is understocd
to mean all drawings or }eprodmotions of drawings per-

taining to the construction involved.

15. Whenever the term "Specifications”is used it is under-
stood to mean the directions and requirments contained here-
in, together with all special provisions and written aggree-
ments made , or to be made, pertaining to the work in- |

volved. It ies understood that all things contained hereinyg
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the "Notice to Centroctors,® Insq&ctions to Bidders,*®
"Proposal," the "Specifications) "Planse," "Contract,"
and "Contract EBond," togsther with any special pro-
vieions attached tc or bound with any of the above, also
any surrtlemental agreements, made or to be made are here-

by rade paet of these Specificaticns and this Contract.

12, Thenever the word "Ordinance" is used, it shall be
understcod to nean and refer to the Ordinance providing

for the improvement, rassed by the City Council of the

City of __ on the day of .
A. D. _____and approved on the __day 66
A‘. Do .

17. Work to be done.  The work to be done includes

bhe furnisking of all materials, machinery, tools, labor
and cther means of cénstruction, necessary tc do all work
in connection with the construction herein described, in-
cluding =zny or all incidental work necessary to corplete
the construction in accordance with the Plans and all
General and Detailed Specifiications herein referﬁa to, or
hereto attached, and th accordance with the requirements
cf the Engineer under them.

18. Progress of the Work. The work shall begin not later

than ten (10) days after the date of the Contract and shall

be diligently prosecuted at such rate and in such manner
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as, in the opinion cof the Engineer, necessary to compléte
the construction within the time srecified, it being under-
stocd that time is the essence of this Contract. The Con-
tractor shall notify the Engineer in writing at least
seven (7) days in advance of the time he expewts to begin
the work. The Contractor skall be charged for the salary
of the Engineer from the date he shall set for beginning
work until actual work is comrenced. Should the Contractor
fail to begin work at the proper time, or to maintain the
necessary force and eguipment, or if 1t becomes evident

t¢ the Engineer that the work is not being prosecuted with
due diligence, or will not be comrpleted within the con-
tract time, it is hereby understood that the City shall
have the right to call upon the bonding sureties to bring
the work to a satisfactory completion in accordance with
the terms of the Contract, or if agreeable to the bonding
sureties, the City shall have the right to relet the re-
maining portion of the work, or employ such additional
labor and purchase such additional tools and materials

as may seem necessary to lnsure the completéon of the work
within the contract time. The total cost of the work so
done, or materials,“tools and labor so furnished, shall

be deducted from any sums due the Contractor, or shall be

covered by the bond for fulfillment of the Contract.
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12. Addlticnal Tork or Deducticns. It shall be the

rrivelegze of the City, under this Contrzct, to make such
additions, deductions, or alterations in the work or
wuantities of work involved, as may be necessary for the
proper completicn of the work, and the Contractor shall
agree to such conditicns of addition, deduction or alter-
ation, a5 in no wise invalidating this Contract, and if
the Centractor shall perferm such werk or make such
changes for the additive cr subtractive considesration
cbtazined by byapplying the unit prices, as stated in the
Proyosal, to the quantities of the different itens of

work involved by the change.

20. Extra Vork, Should it be necessary in the opinion

of the Enginesr to do work not ccvered by the Flans and
Specifications, or for whiéh nc urit price had been agreed
upon, the Contractcr shall agree tc do such work for the
actual cost of same plus twenty per cent (20%.). Actual
cost, it is understood, and agreed, includes all necessary
labor at the regular prices paid therefor, and the actual
cest of all materials, as shown by atithenticated bills.

Yo charge shall be mede by the Contractor for crganization
¢r overhead expense, nor shall any charge be made for
supsrintendence unless authorized in writing by the

Engineer.
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1. Authority for Extra Fork. Yo work shall be under-

as spzcifisd in th:s COontrsct, unless authorized in writing

by tke Engineer and endorsel by the City.

A3}

Z. Lines and CGrades. During the construction the Engi-

nrer will furnish tha Contracior with the necessary lines
zrades and measurenents and if the Contractor, through

wilfulness or carlessness removes, Or causes to remove or

Yo
9]

’

removel, such marks or stakes, before the prosecution
of the work rejuires it, the replacing of thesare shall
e done a2t the =xpense of the contractor.

Yo allowance will be allowsd for work done beyond the

lines and grades shown upon the Plans.

83. Measurements and Quantities. A1l guantites shall be

measured as indicated in the proposal submitted, and pay-
ment shall be rmade according to the greoss sum thersto

enurerated, or the gross sum az determined by rmeasurerents.

24, Interprstatin of Plams”and Syecifications. In the

event of any discrepancy between any drawing and the figurss
written thereon, the figures shall betaken as correct. In
case of a discrepancy betwesen any drawing and the Speci-
fications, the Specifications shall govern. In case of
discrepancy among the several drawings, or in the Specifi-
cations themselves, such discrepancies will be interpreted

and adjusted by the Engineer, and his decision shall be
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finzl. Any deubts as to thas true reaning and spirit of
these Spescificaticns, or any obscuwrity in the working

thereof, shz2ll be interpreted and explduned by the Engineer.

25. Duties of the Contractor. The Contractor shall per-
sonally or thru an authorized representative, satisfactory
to the Enginesr ani thz City, ccnstantly supervise the work
from its reginning to its completion and final acceptance,
and no part of the work shall be assigned or sub-let to

any other pserson without the written consant of the City.

28. Engineer as referee. It is fnderstood and agreed by

both parties %tothis Contract, that th+ Enginesr shall act
as referee in all Questions arising under the terms of this
Contract between the parties thereto, and that the decision
of the Engineer in such cases shall be binding upon both

alike.

27. Lisbilities of the Contractor. The Contractor shall

agsume all risk and 1iability for accident and damaze that
may accrus tp persons crvproperty during the prosecution
‘of the work, by reason of negligence or carelessness of
himself, his agents or employees, and shall assure all di-
rect or indirect damages that may be claimed on account

cf the construction during the time thereof, and until the
work is completed and accepted. He shall further assume
all responsibilty for damages that may arise , directly

or indirectly, from fires or winds, or any other causes
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uitil the work is finally accspted.

2€. TWorkmen Emploved. The Contractor shall , at all

tires, ernploy competent and capeble workmen upcn all parte
of the work, and any workmen or forewan employed by the
Contractor, who, in the opinion of the Engineer, shall not
rerform his work in a proper and skillful manner, or

vho shall be disrespectfull, disorderly or otherwise
otjecticonable, shall, at the written request ¢f the
Engineer, be disclharged at once and not re-employed on

any portion of the work withcut the consent cf the Engineer.

Z%. Equlpnent and Force Erxployed . The Contractor shall

errloy updn the rork, a sufficient plant and equipment to
meet the requirements of the work and %o insure completion
within the contract tige.

The Contractor shall, at all %imes, employ such force
as will, in the cpinion of the Engineer, be necessary to

complete the work within the contract time.

30. Patented Devices. The Contractor shall indemnify,

keep,and save harmless the City from all liabilties,
judgments or costs and expenses, which may in any wise
come against the City on account of the infringement

of any patent covering the use of any new design, material,
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machinary, device or arparatus used by the Contractor in

the performance of this Contract.

3l. Perrits and Licenses. The contractor shall be re-
Guired tc obtain all permits and licenses required to

compI’te the work.

32. Sanitsry Provisions. The Contractor shall provide

and maintain in a sanitapy condition, such accomodation
Tor the use of his employees as ray be necessary to comply
with the requirerents of the State and local Boards of

Heglth. Public nuisznce will not be permitted.

33. Defectbéwre York or Material. All insufficient, de~

fective or damaged work or material, when pointed out at
any time shall be remedied immediately and made good, or
reroved and replaced, to conform with the Plans and
Specifications, and any omission by the Engineer to dis-
approve or reject any such defective work or materials
during construction shall not be deemed an acceptance of
such work or materials, nor shall such omission on the
praxrt of the Engineer be construed as in any way releasing
the Contractor from remedying, replacing or making good
any defective work or material, so as to conform to the
rlans or Specifications. Any work done or materials used,

without suitable supervision or inspection by the Engineer



or his authorized rerresentative may be ordered removed

and reylaced at the Contractor's expense.

34. Penalty for Failure to Remove Defective Work. Should

the Contractor fall to remove and renew any defective work
within in the time specified in writing by the Engineer,
such work may be removed and remswed at the Contractor's
expense. Any expense incurred by the City in making such
repairs, removals or renewals shall be raid out of the
mcney due or which may become due the Contractor, or may

be charged against the bond deposited

35, Failuee to Complete Wcrk. It is understood and agreed

that if the Contractor shall fail to complete the work by
the date named in the Proposal, the City may withhold from him
such sums as may be due the Contractor under the terme of
this Contract and amount eqQual to ten (10) dollars, for
every day beyond the time so agreedr necessary for the
completion of such work, as damages for failure to com-
plete the work within the time herein agreed.

It is further understood and agreed that the City
may, in any event. permanently withhold from the Contractor
the amount of engineering cost incurred after date of

completion fixed in the Contract.

28. Extension of Time. Should the vrrogress of the work

e delayed by the City for any cause beyond the reasonable
control of the Contractor, an extension of time shall e

granted to the Contractor, to the extent of such delay,
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provided the Contractor shall, in writing, demand such
extension, and the right of the Contractor to have or
noct to have such extension, as decided by the Engineer,
shall be final and conciusive. Any such extension of
time granted to the Contractor shall not, in any manner
affect th: contract entered into, noy&elf?e the Con-
tractor from compliance with all provisions of the Con-
tract, other than as to“the time of completéon, and that
time shall be affected only to the extent of the ex-

tension of time allowed.

37. Annulment of Contract. For failure or neglect of
the Contractor to begin the work within the time agreed
upon after the date of the Contract, or for any failure
or neglect to prosecute the work diligently, in such
manner as will bej in the opinion of the Engtneer,
necesesary for the completion within the time specified,
or for failure or neglect of the Contractor to keep and
perforn any of the agreements in this Contract specified,
to be kept and peformed by him, the City may, at 1ts
option, declare this Contract forfeited, and end and
terminate all rights of the Contractor under it.

It is understocd and agreed that after the Contract
has been so declared forfeited by the City, the City may
proceed to complete the work; and it is fd@h&f understood
that any excess cost for such completion of the work, over
the original contract price, shall be chargedto and pald

for by the Contractor or his sureties.
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28. Paynents It is understood by the Contractor that
the compensation provided for in the Contract is accepted-
as full payment for the furnishing of materials, labor,
tocls and eduipment, and for the performing of the work
contenplated and embraced under the Contract; alsc for
all loss or darages arising out of the nature of the work,
or from the action of the elementg or from unforeseen
difficulties or obstructions which may arise cr be en—
ccuntered during the prosecuticn of the work; also for any
exrense incurred by or in conseguence of the suspension

or discontinuance of the work, as herein specified; or
for any infringement of patent, trademark or copyright.
The payment of any partial or final estimate shall in no
way constitute an acknowledgment of the acceptance of the
work, and such payments shall not prevent the City from
investigating and correcting any errors in payment, or from
causing any defective work or material to be removed,
rerlaced or renewed.

39. Monthly Estimate. During construction the Ebgineer

will, at the end of each month, measure or estimate the
amount of work done and materials furnished by the Contf?t-
or during the month preceding, and certify to the City

the sum due the Contractor for labor and materials BO
furnished. The City will then pay the Contractor eighty-

five per cent (85%) of the estimated value of the %oTk
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done during the preceeding month, the remaining fifteen
rer cent (15%9 be retained as a guarantee against poor

workmanship and materials.

40, TFinal Acceptancef Upon the completion of the work,

the Contractor shall notify the Engineer, in writing, and
the Engineer shall inspect the work, and if completed as
provided in the Plans and Specifications, shall so
notify the Citx, and upon accertance by the City of such
work, the work shall be deemed completed and final pay-

rent made.

41. Final Pavment. When final acceptance of the work

shall have been made, then 211 money due the Contractor
under this Contract shall be paid, excepting however, that
no final payment will be made on account of this construc-
tion until it is shown by the Contractor that all sums of
money due for any labor, materials apparatus, fiktures or
machinery purchased for the purpose of this work shall
have been paid for, or that the person or persons to

whom the same may be respectively due, have consented to

the final payment to such Contractor.
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MATERIALS OF CONSTRUCTION.

42. Concrete. Unless otherwise specified, concrete shall
be composed of one (1) volume of cement, two (2) volumes
of sand or fine aggregate, and four (4) volumes of gravel
or crushed stone or coarse aggregate.

If deemed advisable by the Engineer, the mixtures
may be modified by changing the relative volumes of the
various ingredients in order to produce a concrete in
which the cement shall more than fill the voids in the
sand, and the cement and sand shall more than fill the

volds in the coarse aggregate.

43, Portland Cement. All cement used in this construc-
tion shall be of a standard brand of Portland Cement,
which has been in practical weekin public works and has
given satisfactory service therein.

The Contractor, before furnishing the eement, shall
notify the Engineer, in writing, as to the brand or
brande to be used and before ordering shall receive the
written approval of the Englneer as to the Brand selected.
It is understood that such approvel merely covers the
selection of the brand, and that the cement itself may
be rejected if it fails to meet the most recent standard

specifications of the American Soclety for Testing
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Vaterials, which specifications are hereby made rart of
these Specifications by reference.

The Contractor shall provide suitable means for
storing the cement against dampness. No cement which has
become caked shall be used, but shall be removed from
the work.

All cement shall be delivered upon the work in the
original packages with the name of the manufacturer

marked thereon.

44. Sand. Sand or fine aggregate for concrete shall
consist of clean, hard, durable uncoated particles of
dand, preferably of a siliceous nature, free from clay
or organic matter.

It shall not contain appreciable quantities of
shale, lignite, slate or other soft grains.

It shall not contain more then three per cent (3%)
by weight of c¢lay and organic matter combined, or more
than one per cent (1%) by weight of organic matter.

It shall be well graded from fine to coarse particles
and not more than ten per cent (10%) shall pass thrut a
100 meshbeive, and not more than five per cent (5%9 shall

be retained on a 1" mesh ecreen.
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45, Coarse Agsrecate. Coarse aggregate shall be crushed

stone or gravel. It shall contain clean, hard, tough, dur-
able rock. It shall contain no shale, slate, coal or
other materials which easily disintegrate. It shall be
free from vegetable and other é?eterious matter, and shall
contain no soft, thin or elongated pileces.

It shall be well graded between the limits of 18 and 14"

46. Water. Water used in mixing concrete shall be clean,
free from oil and organic matter, and shall show a neutral

reaction when tested.

47. Mixing Concrete. Concrete shall be mixed in a batch
mixer of a tyre apprroved by the Engineer, and which shall
insure a wmiform distribution of the materlals thru the
rass, until the mixture is uniform in color and smooth in
appearance. All of the materials, including water, shall
be mixed for a length of time sufficient to produce a well
mixed and homogeheous coné&pe.

No material for a batch of concrete shall be placed
in the drum of the mixer until all the previous batch shall
have been discharged. Retempering of mortar or concrete
which has partialy hardened, that is, mixing the concrete
withadditional materiale or water, shall be prohibited.

Hand mixing shall not be resorted to except upon
consent of the Engineer. When necessary to mix by hand,

e watertight platform shall be used, the ingredients

carefully measured and turned together until the entire
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mass is uniform in color and appearancs.

48. Consistency of Concrete. In mixing concrete, there

shall be used such a Quantity of water that the resultant
mass is moderately wet and of a consistency to flow
readily into the forms and around the reinforcement, and
the water flush to the surface with light spading or trow-
elling.8n excess of water, causing more than a slight
accumulation above the concrte, or sufficient water to
cause a separation of fine and coarse aggregates in
transportation from the mixer to the forms, will not be

rermittedr

49, Placing Concrete, Concrete shall be placed in the

structure imrediately after mixing, and shall be thoéay
settled by spading, tamping or other means, to bring the
mortar into thoro contzct with forms and reinforcement.
Concrete placed in walle shall be placed in contin-
uval horizontal layers, so far as may be practicable. If
at any time the work is interrupted so that the concrete
already deposited has attained its initial set, the surface
of such concrete shall be removed so as to expose the
céarse aggregate, the loese material removed and the aurf
face thoroly ﬁ%ted and flushed with a thin cement grout

before concreting is resumed.
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If the work is interrupted so that any layer of con-
crete is deposited more than twenty-four (24) hours be-
fore the next can be laid, and there are not sufficient
reinforcing rods properly to bond the two surfaces, or
it 1is necessary to produce a watertight joint, a timber
of not less than 4" wide shall be 1laid the entire lenghh
of the course and bedded at least Z" in the concﬁ%e and
allowed to rerain until the concrete has set. When con-
creting is resumed the timber shall be removed and the
surface of the concrete cleaned and flushed as above
indicated.

Concrete placed in floors of tanks and subjett to
water rressure shall be placed for the full thickness
and the entire floor placed in one orerstion.

50. Protection of Concrete while Curing. All concrete

shall be protedted from the direct rays of the sun by
rneans of canvas, straw, or other means apprtéved by the
Engineer.

51. Concreting in Freezing Weather. No concrete shall

be placed when the tenparsture is such that there is
danger of freezing, except upon the express written
consent of the Engineer, and then only in the manner
arpreved by him.

52. Forms. The Contractor shall provide materials which
shall be satisfactory to the Engineer, and the labor
necessary for the erection of all forms for concrete

masonry.
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Forms shall be so constructed as to be held rigidly
in place, line and elevation. If, at any point, after the
concrete has been placed, the forms show signs of bulging
or sagging, that portion of the concrete shall be imrediate-
ly remcvesd on notice by the Engineer, and the forms re-
bullt and properly supported.

Forms shall remain in place until, in the opinion of

the Engineer, it is safe to remove them.

53. Finish of Concrete. Immediately upon removal of the

forms, all voids and crevices shall be neatly filled with
a stiff 1 to 2 cement mortar, and if in the opinion of
the Engineer the walls do not present & satisfactory
aprearance in harmony with the use to which they are to
be subjected, the walls shall be brought to a smooth,
neat surface by floating, or shall be given a brush coat
of neat cerent wash. Unlees otherwise noted, on all walls
and surfaces not exposed to view, mo finsshing will be
reguired beyond a filling of all voids and crevices as

above stipulated.

54. Reinforcing Steel. Unless otherwise specified, all

steel for reinforcing concrete shall be mild or medium
steel with an elastic limit of not less than 32,000

pounds per s@uare inch. Steel bars shall stand bending
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cold within a radius egqual to twice their diameter thru
180° without fracture.

A1l steel reinforecing bars shall have a sectional
area eguivalent to the area designated on the Plans.,

Rars 6f-different shares than those called for by the
Plane may be used, provididing that an equivalent area of
steel 18 used, and on condition that such substitution be
plainly shown on a set of plans submitéed to the Engineer
for zpproval, before the stecl is ordered.

The surface of all reinforcing bars shall be of
corrugated, deformed or twisted type. |

A11 bars shall be furnished to full lengths indieated
on the Plans.

All bars, unless otherwise specified shall be of new
stock, and shall be free from excessive rust or scale when
placed in the work.

Steel reinforcing rars shall be placed in the concrete
in the exact positions designated on the Plans, and in a
ranner approved by the Engineer. They shall be securely
wired and otherwise fastened in place befcre the concrete
is placed.

Adjoining bars at splices shall overlap at least 40
diameters, and shall be securely fastened togetber by wir-

ing or clamps, and splices and laps shall be serarated
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and stagzered as wicdely as is practicable.

Rerclled material or high carbon steel shall not be
used except with the permission of the Engineer, and then
cnly rrovided all stipulations of the Engineer as to

bending the rods shall have been follewed.

55, Vitrified Tile. All pipe and specialsused in this

construction shzll be of standard length and pattern,
first Quality, vitrified pipe, salt glazed, well burned
thruout its thickness, impervicus to moisture, with smooth
and well glazed inner and outer surfaces, free from
cracks, flaws, blisters, fire checks and cther imPer—
fections. They shall be circular in bore, of the specified
diameter and of uniform standard thickness. All pipe shall
be of standard hub and spigot pattern wiﬁh true and cir-
cular sockets concentric with the bore of the pipe.

All pipe and fittings shall be subject to imapection
and approval or rejection by the Engineer, and any faulty
or defective material shall be removed from the work at

once.
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VITRIFIED SEWER QONSTRUCTION.

56. JQualisy. All ,sewer pipe shall be of standard

quality, full size, strictly firet grade vitrified tile.
Each pipe shall be straight and true, thorly and perfectly
burned, wekl glazed, of homogeneous texture, and with
smooth, hard, even surfaces.

Branches, wyes, bends or specials, where indicated
on the Plans, or required, shall be of a quality equal
to that of straight pipe, and shall be of standard

dimensions.

57. Dimensions, The diameter of the pipe shall be as

indicated on the Plans.

Stréight pipe shall be at least 2% feet long, short
or cut lengths being used only in making closures.
58. Joints. All joints shall be made properly by seating
the end of each pipe in the bell end of the next adjoin-
ing pipe, and adjusting soc as to provide a uniform space
around the joint. The joint thus providsd shall then be
eaulked with a hard, twisted jute gasket, thoroly rammed
to the bottom of the socket, and the remaining space filled
with a cement mortar composed of one (1) part of Port-
land cement and three (3) parts of sand, of a Quality
specified in Articles 43 and 44. Mortar for this purpose

8hall be mixed to a consistency suitable for the work,
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and shall bYe usel before the cement has attained its

initial set.

59. Layinz. All pips shall be laid true to line and
zrade as shown on the Plans, or established by the
Engineer. The inside of th= pipe shall be kept élean and
clear of all dirt, debris, cement, or other superfluous
materials, as the work proceeds, by such means as will
best accomplish the purpose. Proper means for the pro-
tection of pipe laid shall be resorted to when construc-

tion is temporarily stopped.

60. Defective aterial. No piece of pipes known %o be

d=fective shall be laid, and any plece which is damaged
in handljmg or laying shall be removed and replaced with
good pipe, by the Contractor, at his expense.

8l. Trensh Excavation . Trenches for pipe, either cast

iron or vitrified vipe shall be opened to the lines, depths
and grades established by the Engineer, and of sufficient
width to give convenient access to the pipe for laying and
making of joints.

Sufficiant shoring, éheeting and timbering must be
employed to support the sides of the trench in a satis-

factory manner.



Any water which ray accur or accumulate in ths
trench shall be removed.

Care shall be taken tc excavate under the bells of
pire lines sufficiently to afford a solid bearing for the
pipe thruott its sntire length.

In refilling trenches, the earth removed in excavation
shall, so far as possible and suitable, be used. The refill
placed under, around ani over the pipe to a depth of 12"
shall bz carefully placed, and shall be thofiy compacted
and tamped with proper tools for the purpose.

So far as practicable, the same class of surface
existing in strests before excavation shall be replaced,
and in all cases the refilling shall be dons i%p workman-

like manner, approved by the Englneer.

-838-



CAST IRON PIPE AND FITTINGS.
BELL AND SPIGOT PIPE

63. Materials. Cast iron pipe employed shall be de
Lavaul centrifugally cast iron pipe, of a strength
sufficient to withstand an internal pressure of 250 1lbs.
per square inch. Fittings shall also be comsiructed to
stand this pressure.

In the matter of the standard weights, dimensions
and thicknesses of pipe and specials, and the alaowable
variations therefrom, of the quality of the iron and the
method of casting of the pipe, of the cleaning of pipe
and specials and the coating with coal-tar pitch varnish,
and of the hydrostatic test of pipe, the Standard Speci-
fications for Cast Iron Water Pipe of this particular
class of the American Waterworks Association shall

govern.

863. Lead and Jute. The best quality of lead and jute

8haall be used in making all joints.

84, Excavation and Backfilling. All trenches shall be

dug to the line and grade indicated on the Plans or as
establisjed by the Engineer, and of such widths as %o
accomodate convenéently the laying of the pipe in a

proper manner. They shall be of such depth that there
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shall be at least two feet between the top of the pipe
and the surface of the ground. Where the surface of the
ground is above the usual grade, and in passing under
exlsting sewers and other obstacles, a distance greater
or less than two‘feet may be required for short distances.

In crossing streans the top of the pipe shall be at
least eighteen inches below the bed of the stream, and
the rise on either side to the usual grade shall be made
by a gradual slope.

All excavated material shall be 80 placed as to be
of as l1little inconvenience to public travel as possible.
All sidewalks culverts, bridges, roads, etc. must be
proteceted and restored to their original condition.
Short tunnels will be permitted.

The Contractor shall furnish, put in place and main-
tain such sheeting and bracing as may be required to
support the sides of the excavation and to prevent any
movement which might delay the work or injure the work
or adjacent property. He shall do all the necessary
Punping to keep the trenches clear of water during the
progress of the work.

The bottom of the trench shall have a uniform
grade so that the entire length of pipe may be laid
upon the bottom of the trench. Excavations shall be made
under all bells and flanges. Blocking up of pipe will

in general not be permitted.
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All backfiliing shall be done as soon as pessible
after the pipe is laid. Walks and roads shall be back-
filled first. As backfilling progresses it shall be left
with a smooth, rounding surface so as to be of as little
obstruction to traffic as possible.

All surplus sxcavated material shall be the property

of the City and shall be disposed of as directed.

65. Pipe lLaying and Jointing. The pipe shall be un-

loaded and delivered on the streets by the Contractor and
he shall protect the same from injury. They shall be
placed, a8 much as possible, out of the way of public
travel. Care shall be taken to keep pipe clean, and be-
fore laying and jointing each length of pipe shall be
inspected and if neéessary shall be thoroly cleaned.
The coating of the pipe must be protected from injury,
and if necessary shall be repainted with a good asphalt
raint before laying.

Each pipe shall be laid ona firm bed and as
straight as possible. The ends of the pipe shall abutt
upon each other. Spiggts shall be placed concentrically

in the bells so as to give a uniform thickness of joint.
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Joints shall be made by first calking in the jute
for a depth of two inches and then pouring in enough
lead so that it will stand flush with the end of the
pive after thorc calking. The jute shall be in length
sufficient to reach around the joint and lap several
inches, and the joints in successive layers shall be
staggered. The jute must be calked tightly with the
prover iron, care being taken not to drive it thru the
joint nor to drive the iron thru the jute. When calked
the jute must=be even: so as to admita uniform depth
of lead.

Lead shall then be poured in the joint and stand
undisturbed until cool. The lead must be at the right
tempsrature and each joint must be poured from a fill
ladie at one operation. After cooling, the joint shall
be evenly and thorly calked with the proper irons and left
flush with the end of the bell. The joint shall be repoured,
if necessary, to,leave a flush joint. Special care shall
be taken with the under side of joints.

A1l yarning and calking of joints shall be done
only by experisnced men.

868. Valves and Valve Boxes. All valves shall be double

gate valves, having an iron body with hronze mountings
and hub ends. Valves shall be made to open by turning

to the left. The waterway shall be at least equal to the
diameter of the pipe on which the valves are to be placed.
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They shall be tested and stand an internal water pressure
of 300 1lbs, per sQuare inch. The valves to be furnishéd shall
be aprroved by the Engineer.

Cast iron valve boxes shall be furnished fof all
valves. They shall be adjustable, preferably with screw

extensions and shall have not less than a §-L" shaft.

87. Testing Pipe Line. The pipe shall be tested by tank

pressure by filling with water to the pressure specified
by the Engineer. Any defective pipe,valves or hydrants
or leaking joints must be immediately repaired. The test
shall be continusd until the line shall have remained un-
der pressure for at least twenty-four hours and the line
is tight. If impossible to do so with the city water sys-
tem, a direct pressure of not more than eighty pounds
per square inch shall be used instead of the ordinary
working pressurs.

The expense of all tests and repairs shall be paid
by the Contractor, except if additional pumping equip-
ment and labor is necessary to maintain the pressure of
eighty poﬁnds per square inch noted above, the City shall

pay such additional cost.
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FLANGED PIPE.

8. Quality. Flanged pipe and fittings shall be of a
material and Quality equal to that specified for Hub and
Spigot pipe, and shall conform to all the requirements
of the Standard Specificaticns of the American Water-
works Association, insofar as thése Specifications may
apply to this class of pipe.

All pipe and fittings s}all be of the weight and
class indicated on the Plans.

Flanges shall be cast solid with the pipe, unless
otherwise specified by the Engineer, and shall be faced
accurately at right angles to the axis of the pipe. Flang-
es shall conform strictly in dimensions and drilling to

the American Standard.

69. Joints. All joints shall be made up with the best
Juality she=t rubber gaskets.

Joints shall be pulled tight bymeans of best quality
mild steel bolts and cap screws. Bolts or cap screws
shall of the proper size for the pipe employed, dhall
have hexagonal heads and nuts, and threads sound and well

cut.

70. Placing. Flanged pipe shall be placed as indi-

cated on the Plans.
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71l. Test of Pipe Line. All flanged pipe lines, when

complsted, shall be tested by the Contractor in the manner
indicated by the Engineer. All necessary labor and
apparatus shall be furnished by the Contractor, who

shall replace and repair, at his own cost, any defective

pirve, caéting, fittings or joints.

VALVES.

72. Quality. Gate valves shall be of a make approved
by the Engineer, and shall be designed for the pressure
indicated on the Plans. .

They shall be of the double seated type, with non-
rising stems, and wtth a circular waterway of the full
diameter indicated.

They shall have an iron body, and all the wearing
surfaces shall be bronze mounted or faced. They shall be
of simple construction and all moving parte and surfaces
in contact shall be accurately fittef to insure easy
operation and perfect seating of the valves.

They shall be constructed so as to seat tight

against a working pressure of 125 pounds on either side.
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73. Placing. Gate valves shall be placed as indicated
on the Plans, and shall be of a tvpe suitable for for

connection to the pipe in which they are employed.

SLUICE GATES AND PLUG VALVES.

74. Quality. Sluice gates shall be either of the
circular or rectangular type, with clear openings of the
size indicated on the Plans.

They shall have non—iising bronze stems.

They shall be so designed as to safely carry tre
magimum pressure to which they will be subjected in
operation without bursting or springing.

They shall be of the iron body type, with flanges,
frame and op tes constructed of sound cast iron. Gates
and frames shzll be providedwith non-corrosive bronze
facings, securely fastened to the iron castings. The
surface of flanges shall be machined and hand scraped to
insure a water-tight bearing against pressure from either
side of the valve. The construction of the flanges and
gate shall be such that the gate shall remain in its
proper position thruout the limit of its travel.

Cast iron surfaces shall be thoﬁiy cleaned and

~74-



paintzd with two coats of asphaltum varnish, or other
coating approved by the Engineer. Bronze tool finshed

work shall be left bright.

75. Placinz. Sluice gates shall be placed as indieated
on the Plnas, and securely fastened in a manner apruroved

by the Engineer.

76. Blug Valves. Plug valves shall be of cast iron,

bronze mounted and faced, with a clear opening of the
size indicated on the Plans.

They shall have non-rising bronze stems.

All cast iron surfaces shall receive two coats of

asphaltum varnish, or other acceptable coating.

77. Placing. Plug valves shall be placed as indicated

on the Plans, and in a manner approved by the Engineer.

PUMPS AND PRIME MOVERS.

78. All pumps to be furnished shall he centrifugal
punes. 4
The casings of all pumps shall be horizontally

divided along the center line of the shaft, with suction
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and discharge nozzles &n ths lower half of the casting,

rerritting insctection and removal of the internal parts

of the pump without disturbing main pipe connections. The

thickness to withstand all strains incident to the service.
The bearings are toc be of the ring oiled type, Bso

designed that water cannot leak feom the stuffing boxes

into the bearings or oll reservoirs. The bearings shall

be provided with a sufficient number of oil ringe to

efficiently lubricate them. The oil reservoire shall

hold an ample supply of oil and shall be provided with

proper drains and oil sight gauges.

The impellers for all pumps shall be of bronze,
carefully and accurately finished by hand.

The impellers for the low-1lift pumps shall be of the
doubhle suction, opeﬁ impeller type.

The impellers of the motwg driven high 1ift pump
and the engine driven high 1ift pump shall be of the
enclosed single suction type.

The impellers for the wash pump shall be of the

enclosed double suction type.

The pumps shall be provided with bronze wearing
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rings, carefully and accurately finished to prevent
leakage from discharge chamber into suction chamber.

The stuffing boxes shall be larze and deep, capable
cf takling from 5 to 6 rolls of packing, and shall be
provided with a bronze lantern water sealed ring. The
bronze ring is to be placed in the bottom of the
stuffing boxes to prevent packing from sticking to
the stuffing boxes. The stuffing box glands ate to be
adjusted by bronze swing gland bolts.

The shafts shall be of high carbon forged steel,
amply large in diameter for all strains incident to the
service, There shall be provided on shafts a bronze sleéve
which 8hall extend thru the stuffing boxes where the water
touches the shaft. The shafts shall be accuratel ground
to guage.

Thers shall be furnished for connecting the pumps
aniprime movers, flexible couplings of the pin and rubber
bushing type, so designed as to take care of care of any
slight disalignment between pump and prime mover.

All pumps shall be mounted on substantial cast iron
bedplates of the box type, and the pump and motor shall
be Aoweled and bolted to the bedplate and accurately

aligned.
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7%. Prime Movers. All motors shall be of the squirrel

cage induiction type, capable of carrying full load with
a temperature rise not to exceed 40°C. The motors shall
ve capable of carrying a 257 overload for two hous with
a maximium rise of 55°C. The motors shall be the Fair-
banks ¥orse Company's type H and provided with ball
tearings.

The low 1ift pump motors shall be not less tban 20
E. P. and shall operate at a speed not to exceed 1800
R. P, M.

The high 1ift pump motors shall be not less than 50

H. P., and shall operate at a speed not to exceed 1800

The wash pump motor shall be not lees than 25 H. P.,
and shall operate at a speed nop Yo:exsezd 1300 R.P.M.

All motors shall be provbded with manually orverated
hand starting compensator, having overload and under-
voltage protection devices.

There shall be furnished with the two low 1lift pump
motors, two push button stations to be installed in the
filter bullding, and insertedl in undervoltage release
circuit of the low 1ift motor starters, to permit stopping

of low 1lift pumps from the filter building.
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The engime driven high 1ift pump shall be directly
connected to an automobiles type gasoline engine of not
less than 65 H. P., at 1400 R. P. M. The engine shall
be edquipped with all ignition devices, carburetpr,
governor, cooling system, electric starter, magneto,

15 gallon gasoline tank, force feed olling system and
other accessories required. The engine shall be complete
and ready for operatlon. The engine shall be an EVE,

Hercules, Buda, or equal.

EXCAVATIONS,

80. Earth Excavation. Excavation shall include the

removal and satisfactory dispoeal of all materials taken

from within the limits of the work contracted for, necessary

for the preparation and construction of the various

structures. It shall also include all necessary clearing

and grubting, and the neceésary construction and compact-

ing of all slopes and embankments, and backfilling to

 the required grade and lines shown upon the Plans.
Investigations on the site of the work indicate

that the nmaterials to be excavated will be loam, vlay and

sand to a depth of about twelve feet below the surface of

the ground. It is expected, however, that the Contractor
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will satisfy himself as to the probability of a quick-
sand or bodies of water within the limits of the excavation.

Excavation shall consist of the excavation of all
material within the limits of the lines and grades
given by th= Engineer, and shall also be all excavation
and grading required for completing the structure, as
indicated on the Plans.

It shall include the clearing of the site of the
work and disposal of all brush, trees, logs, stumps
and other perishable materials, and the removal and
satisfactory disopsal of structures and fences, as
directed by the Enginesr.

It shall include the placing and removel of all
sheeting, shoringand bracing necessary for the proper
completion of the work.

It shall include the draining and pumping and
satisfactory disopsal of any or all water which may
occur in connection with the construction.

It shall include the proper backfilling and
grading of the site of the work, in a manner satis-

factory to the Engineer.
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Whenever necessary or desirable, all trenches, pits
and other excavations shall be Properly sheeted and
braced, in the mammer directed by the Engineer. All
bracing and sheeting shall be substantially constructed
and 80 placel that it shall protedt the completed work
until the general construction of such work has pro-
ceeded far enough, or sufficient time shall have elapsed
to provide sufficient strength to the completed work,
Any structure, or portion of a structure, which may be
injured by reason of settlement of earth, slides, water,
or earth pressure, due to the lack or failure of proper
shoring and bracing, shall be removed and replaced at
the expense of the Contractor.

The Céntractor, under this item, shall provide and
raintain at all times during construction, adequate means
and devices for the removal of all water occurring within
the excavation. No masonry shall be laid in water, nor
8hall the water be allowed to rise sufficiently to cover
work in piace, until any mortar or concrete part of such
work shall have set for at least twenty-four-hours.

Material excavated shall be disposed of by‘rback-
filling, and by providing the grades and slopes shown on
the Plans, or ordered by the Engineer.
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All excavated material shazll be temporarily deposited
on the site of the work, but in such a rlace and manner
a8 not to interfere with the proper construction of
other work.

Material not distosed of by use in backfills and
embankments shall be disposed of by tre Contracter at
his expense.

Upon completion of the work, or part thereof, all
lumber, shoring braces and rubtish shall be removed from
around vwalls and other structures, as directed by the
Enginmeer. All trencehs, pits and excavations shall then
be backfilled to the original surface of the ground, or
t0 the grade indicated.

Rackfill shall be thoroly wet down with water while
teing placed, and shall be done in a manner to prevent
after-settlement.

Backfills shall not be placed until such a tinme
as directed by the Engineer.

Excavation for structures will be measured between
vertical planes passing thru the outside of the structure
and frowm the surface of the ground to the neat lines
of the bottom of the structure, as shown on the Plans,

or to such greater depth as the Englneer may direct.
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81l. Fock Excavation. Rock excavation will include the

reroval and satisfactory disyosal of all material taken
frem the limits of the excavations indication, and the
preraration of the excavatien to receive the structure
to be built in or upon 1i%.

Foundations on rock shall be carried to a firm,
sclid stratum, ani all loosé, broken or didintegrated
materials removed. '

.Trenches in rock shall be constructed true to line
and grade, and where constructed to receive pipe shall
be backfilled with earth to provide a uniform bearing
for the pivpe.

Payment for rock excavation shall be made as stipu-

lated in Article 20 of these Sypecificatlions.



DETATILED SPECIFICATIONS.

INTAKE TOVER AND LOW LIFT PUMP HOUSE.

€2. The work to be done under this heading includes the
construction on the site indicated of an intake well and
puny house, with connecting pipe, all as indicated on
the Plans.

Concrete mascnry dshall be as specified in Article
42 of these Specifications/

Pipe connecting intake well and pump house shall
be Class "A" 8" pipe as specified in Article 62 with
belland spigot ends, laid partly in earth and partly in
rock excavation trenches.

The low 1ift pump house shall be construcied of
concf&e masonTry, having two flcors and being covered
by a brick structure, as shown.

This superstructure shall be constructed of vitri-
fied shell brick, know as YNo. 2 Paver, or of a hard
common red brick, laid in Portland Cement mortar, and the
walls covered by a standard 9" vitrified coping tile.

Sash shall be of stecl, with ventilator sash, and
glazed with double strength clear glass.

The door shall be of the size indicated. It shall be
solid, Wo. 1 quality, 1-3/4" in thickness, hung in a

wood frame and provided with a suitable lock.
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Door frarxe and sash shall rsceive two coats of white
lead and oil of a coler aprroved by the Engineer.

The roof shall be constructed as shown on the Plans,
and covered with firet quality filve-ply composition
rocfing, properly flashed.

Pipe rail as indicated on the Plans, constructed of
1i" iron pipe shall be constructed. After construction,
all ripe rail and ladders shall be given two coats of a
suitable protective coating.

Ir the pump house there shall be installed two
cerntrifugal pumps each capable of delivering 50§ G. P. M.
against a head of 100 feet including suction 1lift. Each
punp shall be driben 1800 R. P. M., by a 220 volt, 3
phase, 680 cycle electric motor, as elswhere specified,
equipped for manual control, and also equipped with a stop
push button to enable operator to shut off motors from
filter building.

Connections of intake and discharge piping in the
pump house shall be subétantially as shown on the Plans.

Electric power and light wiring shall be as gpeci-
fied in Article 98 of these Specifications.

For delivering water to filters there shall be con-~

structed a pipe line of cast iron pipe, bell and spigoet
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Joints to the mixing basin of the filter, terminating in
a float-contrclled outlet valve of sufficient size, and

of a make approved by the Engineer.

FILTER SUBSTRUCTURE AND SUPERSTUCTURE

83. The work to be done shall consist of the erection,
complete in place, of sll concrete masonry necessary for
the construction of the Clear Well, Sedimentation Basin,
Mixing Basin, Filters, Overating Floor and Stalrs, as the
sare are shown on the Plans, including the construction
of 811l forms, the mixing, placing and findshihgrgf all
concrete, the placing of all reinforcing steel, the test-
ing of the structure for water tightness, and repairs
and alterations, if any.

The work shall also include the furnishing and gac-
ing, in a manner apprroved by the Engineer, of the vitri-
fied tile and elbows and overflow, shown on the Plans,
and the furnishing complete in place, with extension
stems, stem guides, brackets and handwheels, the plug
drain valves as indicated. The valves to be furnished
shall consist of plug drain valves, of a make approved
by the Engineer, having orpenings of the full size speci-

fied, and being substantially constructed, so as 1o



afford a watertight seat. Extension stems, guides and
handwheels shall be of a standard make and quality, and
arproved by the Engineer.

The work shall also include the furndséhing and erec-
tion of the mixing basin wood baffles indicated on the
Plens. These baffles shall be spaced as shown, and shall
occupy the position, extend for the full width of the
mixing basin and for the length shown on the Plans.

They shall be constructed of material 1" in thick—
ness, to be of cyprese or some material equally as re-
sistant to alternate wetting and drving and imrmersion
in water.

These baffles shall be held in place by channels of
80 guage sheet metal placed within the concrete wall at
the time of placing the concrete. These charmels shall be
rlaced so a8 to properly space the baffles, and shall be
13" deerp.

Care shall be taken in placing the baffles and guides,
that the clean cut openings are staggered as shown.

Baffles will be sc consiructed as to be readlly re-
mcvable.

This work shall also include the construction of cy-
rress or equal stop planks, as indicated on the plans.
These planks shall be constructed of the same kind of
material a8 the baffles, shall be scildly constructed

with iron straps, and provided with lifting handles.
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This work shall also include the placing in the
rosition indicated on the Plans, of the cast iron raw
water inlet pipe, thru the wall of the mixing basin.

This work shall also include the placing in the
clear well wall, of the cast iron filtered water plpe,
a8 indicated on the Plans. It shall also include placing
within the clear well and filter tank walls of the
waste water sewer. Itshall also include the furnishing,
complete in place, the waste water sewers indicated ol the
Plans.

This work,shall also include the prlacing of the
cast iron strainer manifold system in the walls of the
filter tanks.

This work shall alsc include the placing of all
purp suction and filter effluent pipes in the floor of
the pump room, and the necessary tase plates or foun—
dations for loss of head guages.

This work shall also include the construction, in
the pump room floor, of a manhole, glving access to the
clear well. This manhole shall be located as directed
by the Engineer. It shall have a substantial cast iron
frame, with a clear opening of not less than 24", and

shall be provided with a substantial,close fitting,
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so0lid cast iron 1id. The construction and placing of the
frame and 1id shall be such, that when the 1lid is prprer-
rlaced and locked, it shall be impossible for any water”
to enter the clear well thru or around the frame and

orening.

84. All concrete for work done under these items shall
be as indicated.

All basins, tanks or structures which will be used
foe storing liquids or water, or shall be subject to a
seepage of ground water, shall be constructed as nearly
a monoclith as pessible, and particular care shall be
taken with all necessary joints to make them watertight
and impervious to moisture. Great care shall be taken al-
so that at all poings where pipes or castings pass thru
floors or walls, a perfectly watertight joint is secured.

Upon ccmpleteion of the structure, or part theeeof,
the structure or tank shall be filled with water, and the
Contractor shall, at his own expense, repasir all cracks,
volds or imperfections, which cause the fall of 1" or
more in the surface of the water in 24 bhours. All places
which show appreciable seepage from any of the tahks or

basins on the inside of the filter house or rump room,
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shall be made perfecily Watertight, even if the structure
fulfills the requiremente for watertightness as above
syecified.

With proper materials, and care in mixing and
rlacing, watertight walls should be secured with the
materials and proporticns specified herein. The Contractors
may, with arproval of the Engineer, incorporate a water-
procfing nmaterial in the concrete, No additional pay-
nment will be made for such waterproofing material.

No special finéshing of the walls will be required,
excert as specifiéd in Article 53.

The floors of the clear well, sedimentation basin,
and mixing basin shall be screeded to a smooth, bhard,
even surface.

The operating floor, pump room floor and stairs shall
be floated to a smooth surface with a wood float.

The sides of the filter tanks shall be given a rough
finish by brushing or sanding, so as to make a satisfactory
joint between the filter sand and gravel and the sides
of the tank.

As specified herein, the Contractor, under this itern,
shall place all pipe, fittings, castings or base plates.,
These pipes, castings, etc. shall be set in position
before the concrete thru vhich they pass, is poured, and
shall be securely anchored in the proper position for mak-
ing closures in connecting pipe lines.
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It shall be discretionary with the Contractor as to
whether the pipes and castings shall be rlaced 4a the
concrete is poured, or W@%ber ‘the openings shall be left
in the structures, the pipes set and securely grouted in
place.

It is the intention of these Specifications to ob-
tain watertight joints and any method may be employed by

the Contractor in obtaining such joints, as is approved
by the Engineer.

There shall be erected,complete in place, the
filter superstructure, including all concrete work, brick
work, mortar, sills, lintels, roof sheeting and roofing,
flue, flashing, door and door frame, window sash and glass,
and painting necessary for the construction of the filter
superstructure as indicated on the Plans.

Brick shall be No.2 Pavers or hard-burned redbrick
and shall be uniform in size, straight and true. Samples
cf the brick to be used shall be submitted %o the
Engineer, and his approval as to size, quality and type
shall be obtainrned before crdering the brick, Bricks shall
be laid in regular bond, with every fifth course a fill
course of headers, unless ctherwlse ordered by the
Engineer. Brick shall be laid on a level bed, with all

vertical joints straight and true, and the bond must be
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well preserved. Outside joints are to be pointed with a
concave tool, and the inside struck with a trowel. Equal
care is to be exercised in finishing both sides of the wall
as no irnterior finish is to be applied. Bricks shall

be laid with a shove joint, and all jointe shall be en-
tirely filled with mortar.

After the roof rafters have been set, the walls shall
be continued to a height indicated on tthe Plans, and the
wall finsihed by capping with a standard 9" vitrifled
clay coping tile, with necessary angle tile. Ioints shall
be uniform in width and not exceed 3/8" in width.

All necessary lintels, anchors, dowels or clanps
for securing door frames and window sash shall be placed
as the work progresses.

Upon completion of the walls, the Contractor shall
thoroly wash down both sides &f all brick walls,‘remove
all mortar fromw the brick, and repoint all defective
joints. Joints around window sash and door frames ghall
be filled with mortar and pointed.

Mortar for the brick work specified under this item
shall be composed off one part Portland Cement, and three
parts of sand by volume. Hydrated lime, or well slacked
lime putty, in a volume not to exceed 10% of the cerent,

may be added to the mortar.
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Mortar shall be mixed in mortar boxes, with clean
water. No mortar shall be mixed on the ground or floors
of the structure.

Steel lintels, composed of two 34" X 3im X 5/1g"
structursl steel angles, placed back to back against a
1" thick plank and bolted together, shall be prlaced over
each window opening in the walls. The lintels shall have
at least 6" of bearing on the walls.

The roof of the filter building shall consist of 1
No.l yellow pine, 7/8" by 8" tongue and groove or ship-
lar sheathing placed on 2" X 10" roof joists on 18"
centers.

All exposed surfaces of sheathing and underside
joists shall be surfaced. Sheathing shall be securely nailed
to the joists.

The roof shall then be covered with a five-ply coal
tar pitch felt and gravel roof, to be constremted according
to standard specifications.

All walls shall be flashed to make a wtertight job,
and the flashings shall be coated with roof pitch.

There shall be constructed at the point indicated
on the Plans, or where indicated by the Engineer, a brick
flue, 8"X 12" in cross section, extending the full

height of the brick walls and properly capped.
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All sash shall be of stesl, of a make and tyype
approved by the Enginser. They shall be of stock size,
as indicated, glazed with double strength, clear glase,
and shall have a ventilator of the type and size shown,
and made weathertight by use of putty especially adapt-
ed to use in steel sash. Sash shall be placed in the
walls in the best manrer sultable to the make and type
of sash. Ventilators shall be equipped with cam latch
and stay bar, or other ejually satisfactory orerating
device. All sash shall recelve one shop coat of red
lead and oil.

Sash glazing shall be protedted by the Contractor
during construction, and any glass damaged or brcken
shall be replaced by him at the completion of the con-
tract. When the contract is completed, the Contractor
shall clean the glass of all cil, putty, or other de-
facement, and shall wash and clean it, leaving it in
perfect condition.

Steel sash shall be given one coat of mineral paint
after erection.

Thedoor required under this iter shall be of the
gize indicated. It shall be solid, Yo. 1 quality, shall
have styles of Michigan stock pine or cypress 1-3/4"

in thickness, paneled and moulded. Wood panels shall be
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cf Georgia mine or equal. Styles and rails shall be
mortised, tencned and securely wedged and glued. Glazing
shall be of double strength clear glass, and in the
manner indicated on the Plans. Glass indcors is to be
held in place by wood moulding set in putty.

The door frame shall be rabbited to the full thick-
ness of the door, and it shall be 1-7/8" thick, and shall
be of white pine or cyprese. The frame shall be set
plumb, well braced, and secured to the concrete masonry
with three anchor bolts on each jamb. The door shall be
hung to clear the floor, but no threshold shall be pro-
vided. Door and frame shall receive two coats of white
lead and oil in colors approved by the Engineer. Wood
work shall be cleaned and sanded and all nail holes and
irregularities puttied before painting.

Hardware &hall be provided as required for hanging
doors and windows. Door shall be hung onthree loose pin
hinges and shall be provided with mortise cylinder lock,
knobs and escutcheons.

A1l exterior and interior wood work, including the
under side of the roof sheathing, and the rafters shall

be given two coats of white lead and oil, in colors

apprroved by the Engineer.
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¥indow sills shall be of concrete. They shall bé
constructed and reinférced in a manner approved by the
Engineer. Sills shall have sugficient length to afford
propéer bearing on the jambs, shall be set to wash and
drip, and shall project 1%, with a 5" face.

There shall be furnished and installed on thé in-
side of the filter building, where directei by the
Engineer, a solid bronze tablet of satisfactory design,
not less than 14" X 26" in size, and having on it, ig
sultable, neat, raised letters, the names of the Mayor,
Aldermen, Engineer and Contractor, and the date of com-
rletion.

There shall be constructed and erected on the
operating floor and stairs, the pipe hand and guard rail,
shown on the Plans. This rail shall be of standard pipe
of the size indicated, fastened in place and connected
with standard galvanized flanges and fittings. All raif
shall be set straight and plumb, and al 1l connections and

construction done in a neat and workmanlike manner.
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HIGH LIFT PUMPS AND PIPING.

84, There shall be installed in the filter building
hizgh 1ift purmps and piping substantially as shown on the
Plans. However, such changes in arrangement as are
nacessary 4o accomodate various types of eQuipment can
be made, but no changes shall be made unless plans of
such changes are submitted to the Enginesr and approved
by him.

Punmps and prime movers shall be as specified in
Articles 78 and 79.

Pumpe as follows shall be furnished and erected
complete in place :

Motor Driven High Lift Pump:

Number of units - 1

Service - High 1ift pumpin service, pumping from
clear well to elevated storagé tank.

Type - Horizontal, multi-stage, centrifugsal.

Capacity - 500 G. P. M. |

Total dynamic pumping head ; 250 Feet.

Prime mover - Electric motor. .

Electric ciirrent characteristics - 320~ volt, 3

phase, 60 cycle.
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Engine Driven High Lift Pump.

Number of units - 1

Service - High lift pumpingservice, pumping from clear

well to elevated storage tank.

Type - Horizontal, multi-stage, centrifugal.

Capacity - 500 G. P. M.

Total dynamic pumping head - 250 feet.

Prime mover - Automobile type gasoline engine.

Piping shall be as indicasedy suction piping being
Class "A"™ and discharge piping Class nC".

The discharge pipe shall be comnected to the supply
line at a point about two feet outside the filter building.

Discharge line valves shall be of the txpe specified
in Article 72, with flanged body, and constructed to
withstand a pressure of 300 pounds per square inch on
either side.

Suction line valves shall be as specified in Article
72 and tested to 100 pounds pressure.

The sucition pipe shall be equipped at 1ts lower end
with a foot valve of sufficient size and of a make
approved by the Engineer.

Proper priming pipe lines shall be provided for aach

pump.
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TASH TATER PUNP

€5. There shall te installed as indicated on the Plans,
& wagh water pump for delivering a high velocity water
wash to the filter beds. ‘
This pump and motor shall be as specified in Articles
7€ and 79. This pump shall be as follows:
Number of units - 1
Service - Filter wash service, rumping from clear
well thru filter wash system.
‘Type - Horizontal, single-stage, centrifugal.
Capacity - 1900 G. P. M.
Total dynamic pumping head - 35 feet.
Primre mover - Electric meotor.
Flectric Current Characteristics - 320 volt
3 vhase, 60 cycle.
Piping connections for the wash water pump shall
be as iniicated. Pipe shall be flanged, Class "A". All
valves shall be standard gate valves, with flanged

body, as sppcified in Article 72, tested to 100 pounds.
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FILTRATION PLANT EQUIPMENT.

88, The eduirment tobeprovided is to consist of the
mechanical equipment for the two filter units as shown
on the Plans, and 18 to consist of the following:

Strainer system, wash water troughs, beds of sand
and gravel, loss of head guages, effluent controllers,
wall castings, pipe connections, sluice gates, plug
valves, chemical arparatus, filter piping and

chlorinating apparatus.

87. Strainer System. The strainer system shall be son-

structed substantially as shown on the Plans, The mani-
f0ld shall consist of a good grade of cast iron pipe with
flanged ends and of the weight specified. The laterals
shall be of extra heavy, galvanized wrought iron pipe,
which shall be capped with an extra heavy galvanized cap,
and drilled as BAhown on the Plans. All joints between
manifold and laterals shall be watertight against a
pressure of 25 pounds per square in ch. No brass
strainers or ferrules will be required.

Alternate plans for strainer systems may be em—

ployed, providing they do not change the general con-
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struction of the system and shall be capable of handling

g 24" to 27" wash.

88. Filter Piping and Fittings. The work to be done will

be the furnishing and erecting, complete in place, of all
cant ani wrought iron piving, with all necessary special
castings, fittings, valves and appurtenances, within the
filter building.

The workx will include the construction of the effluent
lines from the filters, the construction of the wash water
lins, the construction of the waste water and rewash lines,
the filtered water lines from the pumps fto the outside wall
of the filter bullding, together with the furnishing of
all special castings, fittings, valves, extension valve
stems and floor stands as indicated.

The work will alsc include the furnishing and ereot-
ion of the filter troughs shown on the Plans.

The work will also include the furnishing and
erection, complete in place, of plug drain valves and
slulce gates, as indicated on the Plans and specified in
Articles 723 to 77. All valves and sluice gates
shall be equipped with extension s tems, brackets and floorx

stands, as indicated on the Plans.
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The worf shall also consist of furnishing and ersct-
ing all pum® suction lines, complete in place, together
with all special castings and foot valves. Foot valves
furnished shall be of standard make and quality, approved
by the Enginesr.

The work shall also consist of the furnishing and
grecting all necessary stirrups, saddles, rods, or wrought
iron columns nscessary for the proper support of pipe
lines.

Wrouzght iron pipe specified for the rewash line
g8hall be galvanized and extra heavy, Byers make, or equal.

The arrangement of piping shall be of the general
plan shown, but some rearrangement will be pexrmitied to
facilitate different types of equipment. The Contractor
shall submit detailed plans for the approval of the
Enginesr, of any modification he proposes tc make in
the piping plan, showing dimension of all lines,valves and
fittings and thelr connection with pumps and rate con-
trollers, but no work shall be undertaken withouttthe

written approval of the alternate plan by the Engineer.

89. Effluent Rate Controliers. There shall be furnished

complete in place, two rate controllers of the Venrura
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tube type, one ons the effluent line from each filter,
with all connsctions, apparatus and appurtenances.

The controllers furnished shall be of the enclosed
type of make which has bsen in successful use for at
least three years.

The controilers shall be capable of maintaining
constantly any desirsd rate of flow, between the limits
of 250,000 gallons and 425,700 daily, without any
pounding or surging under the varying heads resulting in
the operation of the filters, and the actual rate of flow
shall not vary at any time more than 3% from the mean
rate for which the controller is set. When the water is
passing thru the controller the maximum total head reduired
shall no% be more than 12" for the rate above specified.

Each controller shall be provided with a plainly
readable device for setting at any desired rate of
flow within the limits specified.

After installation and under the direction of the
Engineer, sach controller shall be carefully tested by
the Contractor, accurately calibrated and put in satis-

factory running order.
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All wearing surfaces, threats, orifices and stuffing
boxes shall be of bronze or suitably faced with bronze.
The indicating device shall be nickel-plated and all
the auxiliary piping, valves and cocks shall be of bronze.

The outlet of each controlier shall be provided
with a suitable trap and all the necésSary water

conngctions shall be provided and installed.

90. Loss of Head Guages. There shall be furnished and

installed, complete in place, at each filter an indicating
lcss of head guage, of a type approved by the Engineer.
This guage shall be complete with all the mnecessary
float tubes, counterwlieghts, cords and other apparatus
necessary to accurately indicate the loss of hsead in the
corresponding filter. The guage shall be Sf the differ-
ential float type and shall register loss of head from
zero %o twelve feet maximum. The connections from the
filters and the effluent pipes shall be of galvanized
wrought iron with a brass nipple thru the concrete wall
of the filter. Proper provision shall be made to prevent
ths entrance of wash water or sand into the float cham-
ber. The mechanism of-the guage shall be of brass and en-

closed in a strong, neatly finished nickel-plated or
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japanned brass case arranged on a pedestal mounting and

to be readily accessible.

g1, Filter Sand and Gravel. There shall he Ffurnished

filter sand and gravel, graded as herein specified and of
the quality specified.

Pilter gravel shall consist of hard, durable, round-
ed particles of material, of a relatively high specific
gravity. It shall be free from contaminating material.

It shall be screened and washed free from all sand, clay,
loam or any organic impurity, and then placed in layers,
as herein =specified, imrediedeély over the strainer system.

Before placing the gravel, the filter tanks shall
be thoroly cleaned, anéfiirt or foreign matter of any
kind shall be allowed to enter the filter tank after
beginning to place the gravel. Failure of the Contractor
to observe the proper precaution will result in the re-
moval and disposal of any contaminated gravel, and its
replacement with clean gravel, at the expense of the
Contractor.

Care shall be taken in placing the gravel,vthat the
strainer system is not injured, and to avoid mixtures
of gravels of different sizes. Gravel so mixed shall be

removed and replaced at the expense of the Contractor.

-105=-



. e
The gravel shall be carfully placed by careful spreading,

and shall not be dropred from any appreciable height.

Gravel shall be placed in layers of the size and

thickness indicated in the following table:

Layer Depth. Inches Diameter in circular ring inches
Thru which Upon which
gravel will gravel will
rass be retained

Bottom

3nd. 8 2 1

3rd 4 1 2/4

4th 3 3/4 3

5th 3 3 &

3 ¢ 1/10

92. Filter Sand.

Filter sand shall be composed of

pure quartz & and with hard, durable grains, sharp or

rounded, free from clay, loam, 4dirt or organic matter,

and relatively free from miocacesous particles.

wilter sand shall have an effevtive size of not léss

then 0,38 of a millimeter, nor more than 0.44 of a

millimeter, and a uniformity coefficient of not more

than 1.85. Not more than 2/10 4 shall be finer than 0.3

of a millimeter, and not more than 1% shall be finer than

0.35 of a millimeter, and at least 90% shall be finer than

0.8 of a millimeter. The diameters of sand gross shall be
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computed as the diameters of shheres of equal volume and
all percentages calculated by weight. .

The Contractor may place in the filter tanks sand
which does not strictly conform %o the Specifications for
effective size and unfformity coefficent, providéd that
he shall, after placing, thoroly wash the sand by means
of wash water introduced by the strainer system at a
satisfactory rate, and he shall remove the fine sand re-
maining upon the surface of the filter after washing,
by scraping if necessary. He shall repveat this process
until the sand remaining is of the required size, depth
and uwniformity.

Especial care shall betaken in the transportation
and placing of filter sand to prevemt contamindtion of
any sort, and sand which may have become dirty, elther
before or after placihg in the filters shall be removed
and replaced by clean sand in a satisfactory manner. All
gand contaminated by organic matter shall be rejected.
After sand is placed in the filters, it shall be washed
at least ten times, with the washing devices connected
with the filters, and fine sand appearing at the surface
shall be removed by scraping. Sufficient sand shall be
placed in each filter to securs a lager at least thirty
inches in depth after the sand has been washed and scrapedj

and conforming to the Bizes above shown.
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After the sand has been placed in the filters, the
Contractor shall proyect it as may be necessary from |
dirt or other contamination.

The Contractor shall furnish for tests, samples of
sand, consisfing of not less than one quart, taken under
the direction of the Engineer. Each sample shall be
labeled, stating whether it has bsen wabhed or screened,
or both, and the place from which it 1s taken. All
- samples shall be furnished in mason jars or similar
tight receptacles. The same will be carefully tested by
the Engineer to determine its conformity with the

Srecifications.

83. TFloor Stands. There shall be furnished ten floor

stands, one for each valve in the filter piping. These
stands shall be of cast iron provided with extensionstems
for commection to the valves. They shall have a handwheel
2" indiameter, and shall have on them plates or raised
letders indicating the purpose %o which they are to be
used amd the direction of orening.

They shall be securely fastened %o the concrete floor.

84, Chemical Teed Apvparatus. There shall be furnished

and erected, complete in place, with all valves, fittings,

connections and pipe, on the operating floor, two cohstant
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level cherical feed orifice tanks. These orifice tanks

are to be built of cast iron, of suitable silze, with the
interior porcelain enamel lined, and are to be rigidly
suprortel on a metal support or framework, at such a
helght above the floor as will provide a gravity feed

from the tanks to the point of application of the solution.

These orifice tanks sHall be provided with a balanced
float valve, with a hard rubber or glass float, which
float valve shall be cohstructed to control the level
of the solution within the tanks at a fixed height.

These tanks shall be provided with an adjustahle
orifice, constructed of a suitable durable material, and
the slze of the orifice shall be adjustable by a suitable
means, so that tanks may be set to feed from O to 500
gallons of solution per 34 hours,

There shall be provided piping of 1" iron pipe size
from each tank to the orifice tanks, as indiacésd on the
Plans, znd provided with acid-resisting bronze valves
a8 shown. There shall also be provided a wipe of 1" iron
Pripe size from each orifice tank to the point of
application of the solution in the mixing basin. All solu-
tion piping shall be in straight lines and is to be made
up of plugged tess, crosses or wyes, Whers changes of

iilrection are made, to facilitate rodding.
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Solution piping shall be placed so as to be easily
accessivle for renewal, and s&%able wall pieces shall be
provided whare solution pipes pass thru walls of the
solution tanks and building walls.

All materials used, including valves, shall be of
a speclial aclid-resisting composition that will not be
attacked by the action of the chemical used.

There shall be provided by the Contractor a line of
3/4" galvanized wrought iron pipe, extending from the
filtersed water high pressure line in the pump room to a
point above each solution tank. Above each solution tank
shall be placed an outlet and valve for supplying
filtered water to each tank.

Theee shall be provided means for making a pressure
connection btween the water linee and the solution lines
for the purpose of flushing the solution line thruout

its entire length.

g5. Chlorinator. There shall be furnished and installed,

complete in place, and ready for operation, oneWallace
and Tiernan, manual control, solution feed chlorinator,
with all necessary piping and connections from the
apparatus on the operating floor to point of application

of solution in suction pipes of high 1lift pumps.
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The apparatus is to be furnished complete, with all
necessary edquipment, tools, instructions and operating
charts.

There shall also be furnished one tank, containing
10n pounds of liguii chlorine, also one platform scale

having a capacity of 500 pounds.

95. Laboratory. There shall be constructed by the Con-

tractor, in the location indicated on %the Plans, an?i
office ani laboratory. This laboratory shall be equipped
with a cast iron enamelled sink with connection to a soil
pPipe leading to the wash water sewer, and a 3/4" gal-
vanized pressure pipe line with a faucet. There shall
also be furnished a small table with unfinished top

not less than 30" X 60" in sizs.

There shall also be provided a wooden cabinet
approximately 18" sQuare and 7 feet high, having three
drawers each 13" in depth, the remainder of the cabinet
to be equipped with shelves, with double doors and
cabinet latch.

There shall alsc be furnished laboratory equipment
of Wallace and Tiernan manufacture, designated as their
Ortho-Tolidin Water Testing Outfit, Outfat "C", also
Outfits designated Outfits "D" and "E", or if the Con-
tractor s8¢ elects he may furnisgh such articles as are
reQuired by the regulations of the State Department of
Public Health for making tests for alkilinity, color,

turbvidity and free chlorinfil



HIGH TENSION TRANSMISSION LINE

96. There shall be constructed from a designated point
in the "1ty a 8800 volt, 3 prase power line, extending
in an easterly direction along State Route 15 adistance
of 36,000 feet to the east 1line of the filter site.
This line shall be constructed in a right-of-way
Procured by the City, and shall terminate and connect
with the filter building as more fully described below.
The work shall consist of all labor, hauling, and
materials to erect the line complete in operating condition
according to underwriter, City and State regulations
and the approval of the Engineer.
' Trangmission 11né is-to carry a potential of 8800
volts, 3 vhase, 80 cycle.
The poie line shall consist of 36 foot northern
vwhite cedar poles with butt treatment, drilled and
gained at the job for proper size cross-arms and hardwars.
Poles shall be set five to six feet in the ground
and shall be spaced on centers of 150 fest with one pole
at the filter plant coming close to tle building to
carry 2207 volt 3 phase s:rvice connections for motors
in that building and'then continue dowvn to pump building

at river's edge to transformers in that building.
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Each pole shall have crossarms of fir long enough
for proper sracing of €600 volt conductors. Pins and
insulators shall be of large type, insulators of high
voltage test vitreous porcelain.

All carriage bolts, machine bolts, lag screws, cross
arm brsces, guy thimbles, cable clamps, ground anchors,
etc., necessary to properly install line shall be galvan-
ized/

Line shall be rigidly guyed at both ends and doubly
guyed at two intervalse to each nile of pole line, also
et any turns in the line. Guy lines shall be of heavy strand
guy wire with strain insulators in between and
fastened to goround with an approved deep seating
ground anchor having thimbles, clamps and moused ends.

Wire tb be used shall be 3 No. 6 B&S guage hard
drawn bare coprer between point of service and filter
rlant, and 3 No. 6 B&S guage triple brald weatherproof
wirese between filter plant and pump house.

An_additional six pin cross arm shall be bolted
to each pole between the filter building end purp
house to carry secondary wires as follows: 4 No. 12

B&S guage weatherproof wires for pilot lines to
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corpensators in pump building, and leo. 10 B&S
guage veatherprocf wires for 110 volt lighting ser-
vice in fillter plant from transformers in pump build-
ing.

At voint of service in the City, at point of service
to filter building, and again outside of pump building,
sets of multigap, compressed chamber lightning arrestors
shall be installed and grounded to ground rod at base
of pole with No. 6 inesulated wire and soldered connections.

All lines shall be tied to insulators with regu-
lation tie. Two sets of fusable rlug disconnects shall
e rlaced, cne in each line at point of service in the
City, and another set just ahead of filter plant
connection.

A service drop of 2 No. 6 triple braid weather-
rrocf wires shall be tarped off and dropred to insulator
brackets on wall of filter building at location of service
conduits.

At the pump house the 3 No. 8 weatherproof conductors
shall be brdught to insulator brackets on wall at service
coduit. The 3-8600 volt feeders shall be cerried thru the
wall in this conduit with three No. 8-86800C volt rubber
coversd wires and conneoted to primary of transformers
Bet on the upper floor of the purp house. The secondary
and pilot lines shall terminate on wzll insulator

brackets on buildings at both ends where conduits are
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located for same.

There shall be furnished and connected as desig-
nated two 68C0 volt primary to 320 velt secondary
0il cooled transformers with intermediate tap for 110
voit for lights from cone transformer and 3 phase 20
voits for power from both conrected. These transformers
are to be complete with fusable cutots, oil, etec.

The line shall be cowpleted in a workmanlike
manner according to kodern practice, and shall be cut
in =znd put in serxrvice at the direction of the Engineerx
and left in proper operating condition.

The conduits for service ccnnection in each of the

two buildings coveredj 1is specified in Article 97.

97. Pover Wiring Filter and pump station shall be wired

in a galvanized conduit for power and light service as here-
inafter more fully described.

A11 work shall be donsz in compliance with Under-
writers, City and State regulations.

211 catles for pover shall be double braid rubtber
covered 6800 volt with a2ll terminsls properly soldered
to heavy coprer lugs, with all splices outside conduits
or in junction boxes wiped with solder, and taped with
rubber, varnished cambrie, and friction tape and then

coated with insulating paint.
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Tyre and dimensions of the buildings in which this
work is tc be done are shown upon the Plans.

Two méfors and compensators are to be wired for and
connected in the filter building, one to be 50 HP, and
another 25 HP, both orerating on 220 volits, 3 rhase, 60
cycles. Both of these motors will be on the pump room
floor with one comeé@sator on this floor, and another on
the operating floor, suspended in a manrer approved by the
Engineer.

A conduit not smaller than 1" with proper pothead
or condulet shall be installed where service wires enter
the filter building; into this condulet there shall be
rulled 3 No. & rubber covered 3500 vclt wires. Inside the
building these wires shall be connected to a 3 pole, 60
amp., 2500 volt main oil switch, with overlcad and under-
voltage releases. Carry 3 load side wires from this oil
switch to two smaller switches of smaller amperage, one
ahead of each motor compensator to be used a8 a safety
and disconnecting switch.

All wiring bvetween oil switches and compensators, and
between compensators and motors shall be in condult and
all condults shall be linked together and grounded in an
arproved manner. 01l switches, compensators and motor

frames shall also be grounded. All oil switches and
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starters shall be filled with oil and regulated and left
in proper operating condition.

The Contractor shall connect on the wall of the
filter building 2 single pole momentary switches from
vwires brought to the building from the pump building,
to be used as stopping devices for the two low 1lift
pump motors.

Low 1ift pump house shall be wired in galvanized
conduit for two 30 HP, 220 volt, 3 phase motors and
compensators as follows: Connect three No.2 RCDB 800
volt wires in 14" conduit fram 3 phase 2230 volt secondary
wires of transformer on upper floor and run same to one
3 pole, 200 amp., 250 volt main switch. At each side of
this safety switch mount a 3 pole, 100 amp., 230 volt
fused safety switch as a safety disconnect, and from
each of these switches connect compensators and 30 HP
rnotors. Connect from push stop buttons on each compen-
sator a palr of No. 14 rubler covered wires in n con-
duit to outside condulet where role line runs from same
to filter rlant.

All conduits, switch cabinets, starters and motor
frames in this building shall be properly grounded,

A1l fuses for proper operation shall be installed

ane one extra fuse of esach size furnished and left in
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each czbinet.

The entire power installation in both buildings
shall te left in complete working order.

88. Light VWiring. Both pump and filter houses shall

te wired for 110 volt electric lights, in galvanized
conduit with rubver covered wire as follows:

At transformers in purp station connect 110 volt,
2 wire tap to a 30 amp., 125 volt, 2 circuit combination
safety switch and cimcuit fuse cabinet; from one circuit
run two wires out thru céndulet fromm connection to pole
line, covered elsewhere separately in these Specifications.
From the other circuit wire in for lights in pump house
one 330 watt outlet on each floor, each with snapswitch,
lamp and large industrizl porcelain enamel reflector.

In filter building wire for lights as follows:
Fun con®ulet out to connect to 110volt wires from pole
line and down into fuse block in ~sheet iron cabinet.
From this fuse block run to four 200 watt outlets for
lights in ceiling of operating floor, and to two wall
receptacles in operating room. Bun wire to four light
ovtlete on ceiling of pump rcom.

Each floor shall have a separate snapswitch, and

all light outlets shall have lamp and enateled industrial

reflector



All light wiring shall be left complete with all the -
necessary fuses in place. All conduits shall be grounded
in an apprroved mmnner and all wires shall be free from
grounds and short circuits. The light wireling shall be

left in a satisfactory operating condition.

HEATING.

9%, Heating cof the filter building shall be by a stove
connected to the 8" X 8" X 13" flue indicated on the Plans.

Stoves shall of the type known as the heavy cannon
stoves, and shall have a firepot not less than 18" in
diemeter. Befors purchasing this stove the Contractors
shall submit specifications of it to the Engineer for
approval.

The stove shall be erected complete in place with all

necessary smoke piping,

WATER SUPPLY LINE

100. There shall be constructed a cast iron pipe line, lo"
in internal diamter, connecting with high 1ift pump dise
charge at the filter building and with present city nains
at Main and E. Fourth Streets.
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This pipe line is approximately 35,400 feet in
length and shall be located upon the right of way of
State Route 15 as designated by the engineer of the
Derartment of Public Works and Buildings, Division
of Highways.

The line shall be constructed of pipe of quality
specified in Article 62 of these Specifications, end shall
be laid and jointed as specified in Articles 63 to 67,
inclusive.

There shall be installed in the pipe line, auto-
matic air valves, lever and float type, installed
in brick or concrete manholes 33 feet in internal
diamter, and provided with cast iron manhole frame and
cover, as indicated on the Plans.

Connection to the present city mains shall be done
in a manner approved by the Engineer, and any fittings

or special castings shall Dbe approved by the Engineer.
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PART V - CONCLUSION
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CHAPTER I - FINANCING TEE SYSTEM

One of the greatest problems met in the construction
of a water suprly system like the one described in this
thesis is the guestion of finances. As has been stated
before, in localities or towns where the energlies of
the entire working populationcgg.bent toward the develop®
ment of a mine or some industry, that minéng company
or industrial concern gquite often furnishes the capital
necessary in a pred®ct of this nature. This, however,
is the exception rather than the rule, so it is almost
imperative that the engineer be familiar with this
phase of the work as well as these of a purely technical

nature.

The lawe of the State of Illinois give municipalities
threedifferent ways in which to raise memey for works

¢f a public improvement nature. They are as follevs:

1. By bond issue
2. By special assessment

%3, Certificates of indebtedness

The bond issue system is one which is not very
often used in works of this nature. The amount to

which a city or village may bond itself is set by
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law, and is a very small percentage of the total assessed
valuation of the property in that town. In towns of the
size for which this water suprly system was constructed
this 1imit of bonded indebtedness isg rather small and
would represent but a small prortion of the money needéd.
Then, too, quite frequently such towns are already

bonded to their limit and it is impossible to ,(legally
issue more bonds.

The speclial assessment method is one used more
frequently in financing waterworks systems. In this
method the system 18 pafd: for by levying a speclal
tax against the property owner being benefited, and he
pays'in proportion to the benefits he derives from
the improvement. It would seem, at first thot, that it
would be impossible to finance a waterwerks fpy this
method for this reason: The amount necessary must be
assured before the plant can be started. The number of
consurers is necessarily small at the start but increeses
from year to year. It would be obviously unfair to levy
a svecial assessment against the initial users of the
water, and to allow users to tap on 10 the mains later
without sharing in the initial cost of the plant. This

difficulty is gotten around by financing the construction
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of the distribution system alone by special assessment
and financingvthe remainder of the system by different
means. In this case the cost of the water mains, tank,
firepluge, etc. i8 pro-rated among the property owners
which they benefit and the property owner pays his
rortion of that cost whéhher he be comes a consumer
immediately or waites until a later date to start using
the water. Under this piin.the mains may at any time
be extended and the new owners benefited according to
the cost and the benefits derived. In the city referred
to in this thesis, water mﬁins were laid several years
ago under this plan, so it was not neceesafy to levy
a speclal assessment against the individual property
holders. |

This plant was financed by the third @f the above,
narely, by issuing certificates of indebtedness or
water certificates. An explanation of what water certifi-
cates are cah best be had by refex%ce tovan act of the
?iiinois General Assembly of 1898, entitled, "An act
euthorizing cities, towns and villages to build, pur-
chase or extend water works systems for public and domes-

tic use and to provide for the cost thereof," which

reads as follows:
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Section 1. Every city, incorporated town and
village in this State, is hereby authorized to ac-
gquire water works for supplying water for public
use, and domestic use of 1ts inhabitants by build-
ing or purchasing water works system or enlarging
or extending an existing system. In payment of
such building, purchase or enlargement such muni-
cipality may issue certificates ¢f indebtedness
limited in their payment solely to the water fund
hereinafter provided for; such certificates may bear
interest at a rate not to exceed six per centum per
annum, payable semi-annually, and shall only be
issued at not less than par value in payment for
the building, purchase or extension of a water

works system.

Section 2. Any such municipality desiring to
avail itself of the provisions of this act shall

first rass an ordinance fixing in a general way the

-z papacityhef therwaser works system 1t is proposed

to acquire, and referring to the plans and speci-
fications therefor which shall be open tc the in-
spection of the public; which said ordinance shall

fix the rates at which the water is %o be supplied
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for 211 private purposes, and said rates sc fixed,
shall not thereafter be reduced until the certfi-
cates issued for the acQuiring cr enlarging the
water works, and the interest therson, are filly
pald. Which sald ordinace shall be published in a
newspaper published in such municipaligy at least
once in each week for three successive weeks. And
if no petition shall be filed with the clerk of
such municipality as hereinafter provided, within
twenty-one days after the flrst publication of said
ordinance, then corporate authorites may proceed
to carry out the provisions of the ordinance. But
if within said period of twenty-one days there shall
be filed with the clerk of such municipality a
vetition, signed by twenty per cent of the number
of voters voténg for the presiding officer of the
legislative body of such municipality at the mext
preceding city, town or village election, asking that
the question of acquiring or enlarging a water
works system be submitted to a vote. It shall then
be the duty of the legislative body of such munici-
pality to call a special election in the manner

profided by law to vote upon such question, and if
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it appear that a mmzjorisy of voters voting upon
such question at such election vote in favor of
acduiring or enlarging the waterworks, then said
ordinance shall bs in full force and effect and the
corporate authoriyes may proseed tc carry outthe
provisions thersof, but if a majority of the votes
are cast against such acqguiring or enlarging, then
said city, incorrorated toen or village shall pro-
cecd no further for the period of six months next

ensuing.

Section 3. Whenever any such municipality shall
avall itself of the provisions of this act, the en-
tire proceeds arising from the operation of the
water works thereof shall be pald into a fund known
as the "water fund" and which fund shall be and re-
main inviolate until the certificates issued under
the terms hereof and the interest thereon is fully
raid, and-the treasurer of such municipality shall
not pay any warrants drawn on saild fund unless the
same be drawn in payment of the necessary orperating
expenses of such water works system, or in payment
of the certificates issued hereunder or the interest

thereon.
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Section 4. In order to secure in the most ample
manner the payment of the water certificates author-
ized as aforewsaid, any such municipality may con-
vey by mortgage or deed of trust the water works
80 acquired or enlarged vhich said mortgage or deed
of trust shall be acknowledged and recorded in the
Sare manner as mortgages of real property, and whieh
mortgage or deed of trust shall contain such pro-
visions and conditions as are reascnably necessary
to fully secure the payment of said water éertifi-

cates.

Section 5. Whenever, and as often as default
shall be made in the payment of water certificates
ieseed as aforesald, and such default shall continue
for the space of ninety days, it shall be lawfulil
for sald mortgagee or trustee to declare the whole
of the principal and interest of such certificates
at once due and payable, and prcceed ic foreclose the
same in any court of competent jurisdiction, and in
any decree 10 be rehdered in such suit of foreclosure
there shall be included a reasonéble solicitorts fee
for the compleinant's sclicitor, and such decres shall

fix reasonable rates for water furnished from sald

-128-



water works system for public usees during the time
that such municipality shall be deprived of the
Pessession thereof as hereinafter provided, and upon
any sale under such decree of foreclosure the person
or corporation offering to satisfy said decree for
the rents, incomes and profits of said water works
system forthé least number of years not exceeding
fifty, shall become the purchaser thereof, and on
satisfying sald decree shall be let into the use,
occupation and enjoyment of said waterworks sysien
during the time fbr which the same were sold, and
during such period such purchaser or assigns shall
be entitled to receive and collect for water fur-
nished for private nurposes the rates prescribed in
the ordinance provided for in Secticn 2 of this act,
and shall be entitled to recéive and collect the
reasonable rates fixed for the public uses of water
in such decree. At the end of said period said pur-
chasers or assigns shall deliver saild waterworks
systen to such municipality in as geod condition as
when the same was received, cordinary wear and tear

excepted.
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Section 6. During the time when the purcheser
at such foreclosure sale shall be entitled to the use
and enjoyment of sail watsrvorks system, 1% 2hall hot
ba compete¥nt for such municipalidy to construct or
authorize any person or corporation to construct a
competing system of water works, nor shall it be com-
retent for the purchaser at such forsclosure sals,
or assigns, to extend the water works system so
purchased, sxcept 6n such terms as such municipality

may authoriza.

Section 7. This act shall be deemed and construed
to confer powers in addition to, but not limiting thoss

new existing.

In brief, the water works certificate amt is merely
a law which allows cities and villages to extend their
bonding limit to cover waterwerks systems. The onlyv 3if-
faerence be¥ween municipal improvemsnt bonds and water
certificates is that whereas the principal and interest
of the former arepaid from general taxation, the latter
ares retired from the income of such water works system.
In igdition to furnishing this money to retirs the bonis,

raies

the for water must be sufficiently large to take care of

all current expenses, repalrs, dspreciation, stc.
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It is obvious that this act 1s a boon to small towns
and villages that have a low bonding limit. The law has
been used with great success in Illinois, and with the
exception of a few rare cases, the towns availing themselves of
its use have have not had to default on the rayment of
the bonds. The bonds are génerally issued in blocks of
one, threw, five, ten and twenty year maturities, and
in several instances the towns have been able to retire
all the bonds in as little as ten years.

In the City described herein, water certificates to
the amount of #150,0N0 weze issued. The entire issue was
taken up bya reliable title and trust company who made
cash rayments to the contractor, discounting the bonds
about fifteen points. This company in turn has sold many
of the bonds to its clients; it holds a mortgage deesd of
trust on the entirs system, receives a certain quarterly
- income from the plant,and inter=st and principal of the
bonds are paid to the bond-holders at its office. In case
the City should default upon any payments, the trust
company is empowered by the act to foreclose the mortgacge,
and either take over its operation or employ a compatent
person or corporation to do so. From the first few months
of the operation of this plant it became quite evident

that there would be no danger of defaulting on any payment,
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in fact, by basing calculations on the first two months!
in~come of the plant, plus a consarvative Ffigure for
an increase in revenue, it has been estimated that all

the bonds will be retired in from ten to fifteen years.
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CHAPTER II - CONCLUSION

It has been the purpose of this thesis to present
and show the methods of solving the problems encountered
in planning a water works system for a small mining com-
munity. The question of water purification is one that
every mining engineer ought to understand; the greater
portion of this thesis deals with but one of the many
speclalézed problems coming under that head. That this
this theeis covers this phase of the problem thoroly
and accureately cannot be doubted, for the detailed subject
mat® r covers a water works system which 1s in actual
succesaful operation in a small mining town in southern

Illinois.
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