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FARTYORD

This design of a water suprly dstritution gystem is for the
village of Vermontville in Eaton County in the State of Michigan.

Yermontville is located in hilly country with no previous
water distribution and with no sewerage. It is a emall faming com=-
mnity with no indistry and no prospects of growth, Nelther 1s Vermont-
ville a weal thy village, a factor which has largely influenced the
desisn of its proposed water supply svysten,

The entire cost of the projcct 1s to be raised by a bond issme
to be retired over a long period, The indebtetness of the village will
be rather large, so throushout the M scussion and design, costs have
been kept to a minimim, It is the only way Vermontville can afford a
water supnrly for the public,

The source of water is to be from wells driven in the central
part of the village, ¥From the wells the water will be pumped to an
elevated s'orage tank and thence by gravity throuchout the distribution
gysten to the consumer,

There is no water treatment plant.

The features of the dqsign included in this thesis are:

1. Design of the pipe system.

2, Ilocation of valves and h:dranta.

3. Design of the elevated storage tank in respect
to height and capacity.

4, A cost estimte of the system excluding the

wells and purms.



PART I

POPULATION AND CSPMPTION STUIY

Ponulation and Fatinated Growth

The village of Varmontville is a typical farm center with no
industry and with no reason for it to grow, It has had an alrnost con-
stant population for the past twenty-five yecars with a maxirum of 585
in 1920 and a minirmm of 564 in 1940,

A comparison with other villages of the same type, porulation,
and lack of imhatry, ghows no probability of increasing growth,

Fone of the standard methods of estimating the future porula-
tion apply to this village as can readily be seen by looking at the
grarhic representation of its growth in Fip, 1,

However, some allowance must be made for the possibility of
erowth however srell that possibility 1s,

After considering all probabilities, 50 per cent wos added to
the present porulation ag a pnssible increase diwring the life of the
gysten, This gives a working figure for desisn of 800 persons o be

suprlied with water,

Conmurmtion rates

On cormarison with other towns of the same pormlation, and con-
sldering the following items, a figure of 80 gallons per capita per doy
was decided on as an average daily consum-tion to be expected.

Factors affecting consummtion rates are!
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1. System will be metered,
2 Thare is m indm try.
3. Averans water rates are expected.
4, Vernontiville 1s a sncll comrmnity.
5, Geopraphical location of Vermontville.
6. Qolity of water exrocted to be gpod.
7. liornal pressures will be nalntained.
8. There i8 no sewerage systen,
A break dowm of the emected average daily consurmtion rate is

ghowm in Fi~, 2.

Use t Gal, per e nita per day ; Per cent of total
; i
Domestic s 0 : 50.0
Comerelal : 10 : 12,5
Public : 20 : 12.5
Loss and waste ; 20 : 25,0
Totals : 80 : 100,0
: ?

The maximum dally consumption rate can be expected to de 1ZS
per cent of ths everage day or 140 gecllons per capita per day.

The nmaxirum hourly consumtion rate can bde expected to dbe 150
per cent of the maxirmm day or 210 gallons per e2plta per dry,

Ta fire denand is determined from ¥:ichling's formla on the

basis of fire streams of 250 gallons per mimte where

Q = 700/Porulation in th~usands . Q = 700/300 = 625 gallons/nin,

The total dermand at any tine 1s equal to the mexirmm hourly
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rate plus the fire demand or 220 ¢2l/capita/day = 115 gal/min
+ 625 gal/min

Total ® 740 gal /min

or 43,400 gal/hr,



PART 11

VAT:R M STRIBUTIQ! SYST™M

The water distribution system includes the pipes and fittings,
valves, hydrants, meters, and overhead storage necessary in controlling

the water fronm the purming station to the conmnmer,

Mstribution Pipes

Location

All water pipes shown on the maps are placed as near the pros-
pective consumarga as possidble, A few dwellings desirous of water are
nerlected die to their isolation which mekes the priee of service too
freat,

The centers of strests were reserved for possible future sewer
installation, and the water nipes are to be placed detwcen the street
edce and curbs at & minirum depth of 4 feet, Since these are design
end noi construction mans, the exact locations of meins are not showm.
Te pipes are shown on the side of street containing the greater munber
of prospective consuners 17 order to conserve erxpenditures in service
pipe installations,

Cross connecti-ng are as close together as economiecally practi-
cal, The dead endg al though not good design, were unavoidable due %o
gtreet leyout end extra expense involved in closing them in, All dead

ends are fitted with risers for flus'ding 1f a2 hydrant 4s not on the end.



Trial and errar has proven the best method of designing the
sizes of the pipes in a distribution gsta.

Since the system 1s of the gravity flow tvpe, the writer first
secured el evatinng of 211 street intersecti~ns and of the prospective
site of elevated storage, He found the bulk of the town fairly level
except for the end of South Main Street which was 100 fcet below the
ground level of the storage tonk site.

The ¢overning features of deslisn are the desired fire flow
and pressure at the nost distant points from the elevated storage, and
a minimun desirable size of six inch pipe as recomnended by the Fationsl
Board of Fire Undervwri ters for satisfactory hydrant supply., Five hun-
dred gollons per m‘mute at a minimm of 20 pounds per square inch pressure
is recommended by the National Board of Fire Underwritera, and these
fimres were uged to determine the satisfactory size pipe lines, These
were deternined by the heoad losses in the cast iron pipe from storage
to outlying roints of the system, using the Hazen-Willlans formla and
desi ning for 20 to 3 years hence.

The & fferent hoad losses for tricls of different size pipe were
conpared with necessary height of elevated storage until the discharges
at the control roints of the system ware 28 shown in Fig, 3. The dig-
charges shown are fronm a 100 ft. storage tank through the size pines
shown on the mars,

™e total water consurmption for other than fire does not enter
into the desirsn of pipe size dbecanse it has sich a slow rate in conpari-

son to fire denand.



Fig. 3
: : ki ] 3
Iocation t Distence ¢ Ruivalent t Loss of ! Head loss/ 3 Techarge
t from ! pipe size ¢ hydraulie t 1000' t in gals,
t elevated ¢ $ heed in ¢ t per min,
¢t gtorage ! t ft. at H H
: : ? 20%fa " : ?
Ind of W, iain & 34007 1 6.4" t 60,3 1 18,95/ 1 660
H : ! t H
# w8 g v t 3900 1 5,0 $ 173.8 t 44,5 s 520
t : : : 3
LI s+ 4110 $ 6,5 t 72,3 t 12,3 t 610
s s H 3 s
“« ® g . t 2010 t 6.3 t  87.4 t 331 1t 845
1 ? t ] t

VlWes and Pittines

Valves are located in the gysten in such a manner that no nore
then two blocks and not rore tlan a thousand feet of ripe necd be ipgo-
lated in event of a2 bad leak, They are so arranged that " not more than
two or three valves nced be - losed to do this,

Crosces or tcesg were placed at 21l points vhers stre~ts may dbe
devclonad in the future remuiring edditions to the systen,

All velves are cote valves that can be onmed and closed from

the surface of the ground.

Hydrants

Hydrants are lomted on cornars throughout the system whercver
posusidle with 600 ft, as the minirmum distance between, Exeeptions are
found in cases of isolzted groups of homes which resulted in a congider-
able savings,

Hydrants are all on the same side of the street as the pipe
which saves the adlitional cost of crossing streets and redices head

loss in the branch vipes.
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With hydrants arranged as shown on the map, there can be
at least four streans avcilable on any building.
The hydrants ere to be six inch, upright, with two ocutlets.

A pate wvelve 13 placed 1in the dranch pipe near the hydrant,

Fressure

With the determined 100 ft, storage tank, the availatle hcad
18 115 to 120 feet. Other than the case of fire, this head will main-
tain a presmure of 45 to 50 pounds per square inch throushout the
systen. This is an entirely satisfactory figure, for th-re are no
builldinzs of over three stories in the vpillage., It is also the

recamended pretsure for cast iron pipe systems,

Tevated Storare

The elevated storage tank will serve mumerous needs of the
gsystem, They are!

1. Insurance against power failure or break down of
vumps by the storage of one or more days sup»ly
of water.

2, Te equalization of hourly and dally fluctuations
of demand,

3, The equalizingz of pressuredr donestic service
and for fire fighting,

4, The maintenance of nearly uniform head and dis-

charze for pumps, theredby redicing operating costs,
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5., Improvement of pregsurecs at distent polnts from
the storage during maxirmm denand,

6. It will avoid 24 hour pumping cperation in thisg
installation and vermit purps of smoller capacity,

thereby reducing costs.

Tme
The type storage tank will be of steel construction and built

entirely above the ground., It was previously determined in the study

of rine sizes to malre the height of the tank 100 ft,

Crpact ty
The carecity of the tank i3 designed in respect to the murpose

it is intended to serve as well as safety and econoniesl operati~n cos.
In this coge, the capacity is based on the storage nec ssary to
equalize the pumping rate plus storage of fire flow for a minirmm of
two hours, The storage necessary for equalizing the yumping rate is
fimred at 25 per cent of the noxirum day consumption, Storage compu -

tationg are shown below:

25 4 max, day = 210 x 900 x 0.5 42,000 gal.
2 hr, fire flow ©® 500 g1/min = 500 x 60 x 2 = 60,000 *
Total storage needed = 102,000 ®

Use a 100,0C0 g£21llon tank,

Location of overhead storage

The selected location of the tcnk is shownonmep 1. It is

located on the sane property with the proposed site of the two wells,
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This point 13 centrally located to the distrituting gystem. Being a
tree type systen, its location ingures equal fire flow to all extreme
points,

The tank is on ground of relative hish elevation which rives
the system an adled natural head,

Using the sene ground for storage and wells resnlts 4n a

saving of rezl estate expendi ture.

Service nines and meters

The cost of service pines from the main to the residcnce will
be borne bty the regident, This service pipe consists of a corporation
cock tapped into the main, connect2d by a lead gpose neck to a galvanized
iron gecrvice pipe vhich ends in a cgfm* off valve at the curd stop, The
shmt off valve 18 of the type that hos a telescopic riser endédding ths
valve to be controlled from the surface of the ground,

The resident will also extend thé gservice into his bduilding
vhere the village will install e meter,

There are 200 sorvices in the gystem and likewise 200 meters to

be installed,



PART IIX
ESTIVATED COST (O THE SYSTIM

The following cost estinate 1s not & flgure of total cost to
the village for a corplete vratem-orks system, The flgures showmn refer
only to the cost, in nlace, of the storage tank, all pipes inclding
fittings, valves in the system, meters, and fire hydrants,

All prices used in these comutations are derived from current
en;ineering lists and from recently ewarded contracts for watervorks
construction of a similar size and locati'n,

The cost of the meters aprlies only to the 200 resident and
nercantile estzblichnments thet hove indicated their desire for water
service,

Cost of elevated storage tank in place - 100 ft, structure

of 100,000 gals Capacl f¥usevecececsssesscocscscsesssccscsssss $i16,000,00
36 valves installed © $50,00..0cccceccecccscccsssossscccsanss 1,800,00
200 meters installed © $15,004cccceccscccossercsasscnccscscss 3,000,00

35 6" 2-way hydrante installed, including connection
to pipe and gate valve between Q@ asooooooQtoooooooooooooo.co 5.250.00

Pipe installation including costs of pipe end fittings:
1.210 ft. 8" hipe O $3‘25/ftooooo.oo0.-o-.oooooo.ta.o [ FERE YT 3.9§000
18.5@ 8. a" pin €] $3075/ftoooo-oco'ooocuooo--o-oooonooooo. 51.000000

1.%0 rt. 4" Pipe G $2.25/fto-ocoooo-osotooo.oo.oo-o.cooc-o. 4.275000

Tote.l.......u-$'35.250-00
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