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PLANS FOR HUMANSVILLE WATERWORKS,

Humansville is a thriving town of about 1200 inhabitants,
situated in Polk County,Missouri,about 120 miles Southeast of Kansas
City,with which city it is connected by the Kansas City and Memphis

Rgilroad.

The object of this Thesis is to design a system of waterworks
for Humansville.
The topography of the locality makes several schemes possible,

(see Contour Map)

The base of the opening in Reserveir by spring is the Datum

to which elevations refsr.
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Source of Supply.

The source of .supply will be a large spring located in the
southern part of town,.

The business portion of town is nearly half a mile from the
spring and 75.0 feet above it,but the conditions are such that no
surface dralnage enters the spring.

At present the water flows into a masonry resafvoir having

a capacity of 6030 subic fest.

Quantity of Water FTurnished by Spring.

This was determined by a weir measursment at a point about
500 feet from the spring where the velocity of approach was neglegible.
The weir notch,one foot long,was cut in a plank,the upper edge of
which was made parallel to the base of the notch,.

A spirit level was used in placing the weir in a horizontal
position.

At a point 6 feet up stream from weir a stake was driven to
an elevation equal to that of the crest of the weir, |

These elevations were taken with a Y level,

Reading of level rod on crest of weir f‘  jélﬁzéifeet.

Reading of level -rod on stake | 2,625 feet.

A thin edged rule was held on this stake and depﬁhhof water
found to be 246 /50 inches,

Reducing this gives .401 feet,
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Quantity was calculated by formula Q'02/3 A f2gh,
Value of C. .601
Substituting/Q = 2/3 X,601 X,401 X V2 X 32,16 X.401

= ,816 cubic feet per sec.

Or Q =.816X60X7.48 = 366.22 gallons per min,
Amount of water required per day.

The last census shows a population of 1230. Allowing 40

1250 X40

gallons per capita per day the daily supply would be T

=6577.5 cu. fest.
= 35 gal. per minute.
Hence spring supply 1s sufficient.

Weight of daily supply = 6577.5 X 62 1/2f =411,093.75%

Possibility of Water Power,
FPall in a distance of 2650 fest 2078 feet.
Pall in a distance of one mile 25,00 feet,
By openihg the channel for 250 feet a fall of 22.5 feep could be

gotten at a distance of 2650 feet.

If water power be relied or it must meet the Worst:pbséiile
condition,and this may be assumed to be when the volune d%:waﬁaf would
be only 200 gallons per minute, |

Iet h=elevation to which theoretic P of streuam would faise
supply for one minute.

' 411093, 757 #

Weight b levated fast = —— = 285,48
eight to be elevated h Tes 3420

Theoretic power of stream=W h=200 X8.355 X 22 1/2=51597.5

Toot bls. per secomd—e¥ minute,
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Hence 285,48 h = 3757,b
“h = 131 .34 feet.

Taking 75 % efficiency for pumpinmg plant h =131.34 X.75=98.50 ft.

But the business part of town is 97.26 feet above proposed

location of pump.

The water power would 1lift the daily supply to an elevation
of 0.24 feet above the business portion of the town.
In the above no mention was made of water for fire service,

Hence we conclude the water power is insufficient.
Water pressure from Reservoir on Hill.

Referring to the map it will be seen that a hill,120.78 feet

above the center of town is located to the N.E. about 3/4 of a mile.

This proposition will be investigated under the following

conditions:
Diameter of nozzle for fire service 1 inch
Nozzle pressurs 40#
Heignt of effective fire stream 64 feet.
Discharge of one nozzle 186 gallons per min
Length of 2 1/2 inch hose 400 feset,
Area of 2 1/2 inch hose = .034 sq. ft.
Quantity per sec.zgal%§§TZ§ = 414 cu, ft.
Velocitys% = <414 = 12.2 ft. per.sec.

034
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400 512
Head lost in 400 feet of hose =.022 Xmpg * (§%f§%~

= 100.53 feet.

Head required to give 40#pressure=92-16 feet.

Required head = 192.69 feet.
Available head = 120,78 feet.
Difference = 71,91 feet.

This shows that the elevation is not sufficlent.

Next a proposition exactly similar will be investipgated with
the insertion of a 3/2" nozzle for fire service,with 300' of hose.
104
Discharge T in. 0% 0 8, Or —m—— - ..
ischarge per min. per nozzle 104 gals r 7 46 X 60

.2317 cuble feet per sec.

2317
Velocity in hose = 3’- = — = 6,81
A 034 9
. 3 (6.81)
Head lost in 300! = ,023 X — X = 24,58
.208 64.32
92,16

Head required for 40 pressure
T,et there be two nozzles to discharge at once in the business por-
tion or one nozzle at allother points,and let the water be conducted
from the reservoir in a 6" pipe. The worst condition will be at the
corner of Buffalo and Ohio,distance 4800' from reservolr,

Q 2 X .2317
A T .19

| 4800 (2.36)2

Head lost 02 X 5 X 64.32 = 17.09°*

= 2,36"

!

v

!



()

Total head required 134.83"
Total head avallable 120,78?
Difference 14.05°"

A larger pipe would be too expengive,showing this scheme un-

practical
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PLAN NO. 1.
Engine for Fire Service at Spring.
Elevated tank,for daily supply,in center of Town.
Two fire streams for Business Portion and School House.

One fire stream for other points.

Tength of hose (2 1/2") 400 feet.
PDiameter of nozzle 8/4 inch
Nozzle pressurse 40#
Dischargs, (zallons per min) one nozzle 104 g allons.
NDischarge, (gallons per min),two nozzles 208 gallons.

Discharge (cu. ft. per sec) two nozzles 35§%§$TZ§‘= 4633
Height of effective firs stream 60 fest.
Mains will be distributed as shown in Map 1.
Size of Engine.

The engine will have to do the heaviest work when supplying

two streams at School Houss.

1 v
The Comndn Formula h=7F E Er ,will be used in calculating head
g
lost by friction in mains and hoss.

Head lost in 2600 feet of 6" pipe.

’ 4635
d= .5 Teet v=%'= —55%-= 2.56 Teet per sec,

2g=64.32l f=.02.

2
Head lost =.02 X 2600 x(2-55)

5 m = 9,356 feet,
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Head lost in 1500 feet of 4 inch pipse, 43,85 feet,
Head 1ost in 400 feet of 2 1/2 inch hoss, 32,76 "
Head required to proguce 40#ﬁozzle pressurae, 92.16 "
Blevation at base of school house 70,156 "
Heaq lost in pump, ~ 4,00 "
Total head, 252,28 "
Horse Power=62'5 X .4633 X 252.28 -13.26
550

Gasoline engines will be used in all cases, At these
engines are rated by the output for the shaft a 15 horse power

engine will be recommended in the present case,
Cost of Rugine in place $750,00
Pump.

A Triplex Pump,diameter of plunger 7 inches,length of stroke

8 inches, 60 revolutions per minute will be sufficient.
Cost $625,00
Blevated Tank.

A wooden tank,having a capacity of 6577.5 cunic feet(one day's
supply) will be provided.
Dimensions. D=22,0feet. H=17.4 feet,

Referring to contour map it will be seen that a 39 foot tower will
be sufficient.
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Prices on Tank and Tower( W. H. Caldwell Ca,Louisville,KY).

Tank

Tower

EBstimated sost of erection

Bstimated cost of foundation

Total

Cost of Pipe.

$451.50
1140. 40
125,00

50,00

$1766.90

Cast iron pipe will be used throughout. Welghts taken from

Fanning's T ables.

Wgt. 4" pipe per 1.00°

" 6" L " "

n 8" n n "

Cost per 100" at

4" pipe
6! "
8" "

Total length 6" pipe
Cost

Total length 4" pipe.

Cost,

2016#

5285#

4757#

$25,00 per Ton,
$25,20
41.05
59,45

260C feeat.
$1067.30

9350 reet,
$2356.20.

Hydrants,

Four double nozzle hudrants 6" valve

Three " n "

Pourteen single "

Total

$130.,00
4 90,00

4 " n 3.5'0. .'O 0

$570.00
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Qost of Laying Mains.

All trenches shall be two feet wide and three feet deep.

post for laving shall not exceed ten cents per liyear foot,for

mains nor twelve cents per linear foot for 6 inch mains.
Total length of 6 inch mains 2600 feet.
Cost of laying $312,00
Total length of 4 inch mains 9350 feet.
Cost of laying $930,00

Total Cost,

Engine. 750,00
Pump 625,00
Tank and Tower 1766,90
6 inch pipe 1067 ,30
4 inch pipe. 2356 ,20
Hydrants 570,00
Cost of Laying Pips. 1242,00
Estimated Cost of Engine Houss, 100,09

o B

Total. $8477,40
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Plan Number II,
Engine for Pire Service at spring. Elevated Tank for daily supply
in center of Town., Two fire streams for Business Portion and School

House. One fire straam for -»ther points.

Length of hose {2 1/2 inches) 400 feet.
Diameter of nozzle 1 inch.
Nozzle pressure 40#
Discharge{gallons per minute) for one u0uzle 186.
Discharge{ga’lons per mintte) for two nozzles 372,
"  cubic feet per second)for two nozzles 65%%%28’ .829
Height of effective fire streanm 64 fest.

Mains and Hydrants.

These will be distributed as shown in Map 11.
Size of Engine.
As: before,the condition which determines size of engine 1is
two fire streams at School House,
Veloelity,feet per second in 6 inch = ;%g%- = 4,23

Velocity,feet per second in 2 l/b inch hose = ﬁ%&fﬁ = 12.2

Head lost in 4100 feet of 6 inch pipe 46,74 Teet,
Head lost in 400 feet of 2 1/2 inch hose 100,53 "
Head lost in pump, 4.00 "
Head required for 40# nozzls pressure, 92,16 "

Elevation of base of School House, 70.15 "
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Total head, 313.58
Weight 1lifted per second .829 X 62 1/b# 51.81#
Horse Power==313’§8 X 51.81 29,54
550
A 35 Horse Power engine will be recommended in this case.
Cost in place $1225,00
Pump.

Triplex Pump,diameter of plunger 8 l/b inches,stroke 8 inches,
sixty revolutions per minute.
Cost $875,00
Tank and Tower.

Same as in Plan 1.

Cost of Tank, $481.50
Cost of Tower , $1140.40
Cost of erection, 125,00
Cost of Poundation, 50,00
Total Cost # 1766.,90

Cost of Pipe.

Total length of 6 inch pipe » 100 feet.
Cost, $1683.05
Total length of 4 inch pipe, 7860 feet,
Cost, $1978.20

Cost of Laying Mains,

Total length 6 inch mains, 4100 feet.
Gost at 12 ceuts per linear foot, $492,00
Total length of 4 inch mains 7850 feet.

Cost at 10 cents peér linear foot, $785.00
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Hydrants,
Same as in Plan 1.
Cost,
Total Cost.
Engine,
Pump,
Tank and Tower(complete),
8ix inch pipe,
Four inch pipe,
Laying six inch Mains,
Laying four ineh Mains,
Hydrants
Engine House

Total

$570.00

$1225.00
875,00
1766,9C
1.683,05
1978,20
492,00
785.00
570 .00

100,00

$9475.15
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Plan Number IiX,
Small engine at Spring. Elevated Tank for daily supply in
center of Town.(Same as in Plan 1 and 11). Tank and Epgine for Fire

Service at bvase of Tower,

Two fire streams for Business Portion and School House, One

fire stream for other points,

Tength of hose ( 2 1/2 inches)s 400 feet.
Diameter of Hozzlg, ’ 1 inch
Nozzle pressure 40 pounds.,
Discharge(gallons per minute) for one nozuzle, 186
Discharge(gallons per minute}for two nozzles, 372,
Discharge (cubic feet per second) for two nozwles, .829
geight of effective fire streamn, 64 feet

Mains and Hydrants.

NDistributed as shown in Map 111,

Tank for Fire Service.
It is assumed that two fire streams would not be required at
any one point for longer than 4 1/2 hours.
The required amount is 372 gallions per minute,

Hence capacity of tank must be 372 X 270 =100440 gallons.

A tank havirg a capacity of 102228 gallons 1s selected.

Cost, $747.,65
Cost of Foundation, 50,00
Cost of erection, __ 20,00

Total cost $817.65
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Size of Bngine at Spring.
The daily supply 1s 6577.5 cubic feet and this is to be pumped

in twelve hours.

Quantity per second, 152 cu.ft,
Velocity in 4 inch pipe, 1.8 ft.per se
Lost head in 1800 feet 4 inch pipe, 5.58 feet
Lost head in 6 inch pipe, 0.0

Head lost in pump, 4 feet.

Head due to elevatiorn, | 124 feet,

Total head, 155.58 feet.
Weight elevated per seccnd, 9.5 pounds.,
Horse Powerglﬁfégg—z—gﬁ = 2.25

A 5 Horse power engine is recommended with this the two tanks can
be filled in 20 hours. Such a run would be required only after a fire
which had exhausted the entire supply in tanks.

Cost of Engine in placs, $500.00

Pump.
A Triplex Pump,diameter of plungers 5’1/% inches,lengfh of
stroke 8 inches,60 revolutions rer minute,will supply 147 gallons
rer minute.

Cost of pump $450,00

Again the conditions which determine the size of engire gor fire service

are twaozzles at the school house.
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Head lost in 1600 feet of 6 inch pipe, 18.24 f¢.
Head correspomding to 40 pounds pressure, 92.16°"
Head lost in hose, 100,53 "
Head lost in pump, 4,00"
Head gained in elevation, 6.00"
Total head, 208,93 ft.
Weight elevated per second 51,817

208,93 X 51.81

550
A 25 Horse Power Engine is recommended.

Horse Power- = 19.7
Cost in placs, $950,00
Pump same as in Plan 11.

Cost $875.00

Cost of Pipe,.
2400 feet of 6 inuch pipe #985,20

95650 feet of 4 inch pipe 2407.,00

Cost of Laying Mains.
6 inch pipe $288,00
4 inch pipe. 955,00
Hydranrts,same as in Plan 1 and 11,

Cost $570,00
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Total Cost.
25 Horse Power Engine,
5 Horse Power Engine,,
Pump for fire service.
Pump for spring
Tank and Tower,
Tank for fire service,
6 inch pipe,
4 inch pipe,
Cost of laying mains,
Cost of two engine houses,
Hydrants,

Total

£950,00
500,00
875,00
450,00
1766.90
817.65
985,20
2407, 60
1243,00
200,00
570,00

$10765.35
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Plan No. IV,
Small engine at spring.
Reservcir on hill,
Engine at reservoir for fire servics.
Quantity of water,nozzle dismeter and pressure same &as in Plan TT ang
I1T.
Mains and Hydrants distributed as shown ir Map IV,

Reservoir,

It is assumed *hat the longest time fire service would be
required is four and one-half hours.

The quantity of water required to run two hcse streams for
this length of time is .829 x 60 x 60 x 4 1/2.=13430 cubic feet

T™he daily supply is 6577.5 cubie feet. Hence capacity of
reservolr must be 20007,5 cubic feet.

A rectanglie 75 x 75 feet will be laid out on the surface.
Qonditions are such that an excavation of 2 l/b feet will give a firm
bottom.

Side slopes 1 1,2 to 1.
Fxcavation material will be used to build up slopes 3 feet above
the surface.

There will be approximately 300 cubic yards: to excavate.

cost as .25¢ per cubic yard $75.00
Cost of puddling 40.00
Cost of rip-rap 20.00

Total $135,00
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Size of Engine at Spring,
Suppose dally supply to be pumped in 12 hours.

Amount pumped per second would be 152 ecu., Tt.
Head lost in 7250 fset of 6 inech pipe 2,75 feet
pead lost in pump 4,00 "
Elevation of center of tank above spring 205,30 "
Total head 212.05 "
Weight elevated per second = 9.5#
Horse Power . 212.50x 9.5 3,66
5560 ¢
A five Horse Power engine will be used hers,
Cost of engire $500,00
Pump same as in Plan III,
Cost $450,00

Size of Engihe for Pire Ssrvice.
The worst condition is for two fire streams at corner of Buffalo
and Ohio Streets.
Head lost in 4800 feet ¢f 6 inch pipe 54,72 feat.
Head lost in 400 feet of 2 1,/2 inch hose 100,53 "
Head required to give 40 pounds noxzzle pressure 92.16 v
Head lost in pump 4,00 "
Total head recguired 261.41 "
Difference of elevation between reservoir and surface at corner of
Buffalo and Ohio streets 118,24 feet.
pence head to be supplied by engine is 251.41 feet - 118.24 feet
=112.,17 feet
Weight of water pumped per second 51,81,pounds

135.17 x 51.81

Horse power = 550 = 12.55.
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A 15 horse powsr engine is recommended.
Cost $750.00
Pump same as im Plan
Cost $625,00
Cost of pipe,.
7250 feet pf 6 inch pipe $2976,10
7200 feet of 4 inech pipe _ 1814.40

Cost of laylng Mains,

7250 feet of € inch mains 870,00
7200 feet of 4 inch mains 720,00
Hydrants,

Same as in other plans,
Cost $570.00
Cost ¢f two eugire houses $200,00

Total cost.

5 horse power engine 500,00
15 horse power engine 750.00
Pump for fire service 625.00
Pump at spring 450,00
Reserveir 135,00
6 inch pipe 2976.10
4 inch pipe 1814.40
Cost of laying 1590,00
Hydrants. 570.00
Two engire houses 200,00

Total $9610,50
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The subject presented to the Humansville Waterworks Committse.

In the forsgolng pages thres essentlally different plans for a
system of waterworks for Humansville are discuesed.
1t seldom happens that a c¢ity is so favorad by natural con-

ditions that such a latitude of c¢hoice 1s possible,

In workins up these plans rhe cost of material and labor were
gotten as ¢iosely as possible under the cirzumstances, Qompetition would
bring the price of material considerably below that quoted by individual
manufactirers.

17t may also be noted that the nrice of iron is higher at present
than it mas boen for several vears,

In Plan I the amount of water allowed for fire service is very
near the minimun 1limit., The object was to show the cost of a system
that would be barely sufficient for the present, It is not reommended,

Plan IT is like Plan I excent t aut eighty percent more water is
allowed for fire service. The cost of this system would be only about
$1000:00more than that of the first and it would give much better
servie.

In Plan IITI the amount of water provided is the same as that in
Plan II, The advuntage to be gained arei Mirst, the pumpiug engine
would be located in the center of the town and c¢ould be started without
dejay. Second,the system could be extended without having to incrsuase
the pumping plant.

In Plan IV provision is made for the same amount of water as in
Plan IX and III ,

This disgdvantage of this system is that the reservoir is

situated at a considerable distance from the center of town and the engine
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could not be brought into play immediately. But the reservoir
would be 120 feet above the highest point in town and this would
give as good a pressure as that gotten from stand pipes, while a
steam engine is being started.

The gasoline engine could be started in a very short time
after the engineer reached it.

The advantages of the system are:
First: In case the engine should fail to work an ordirnary fire could
be put ocut by attaching 300 feet of hose tipped with a three-fourth
inch nozzle. This woulc give almost as good a fire service as that
offered by Plan T and would be very desirable if the engine shpuld
get out of crder.
Second; The town 1is developing toward the northeast and the system
could be enlarged at small cost,
Third; This system would cost only $135.50 more than that of Plan IT
which has an equal efficency but none ¢f the advantages offered by
this plan., It would cost only $1133.50 more than system discussed
in Plan I,

When publie works are to be constructed the plan selected is
usually a compromise betwseen the best plan and the plan for which
the people are willing to pay.

The differsence in cost of these extremes is sometimes
conglderable and justifies the compromise. But when the dirfference
between success and failure costs only $1133.50 there is no doubt
as to which to ehoose.

Our discussion is finished. It remains for you to decide
whether this improvement is necessary.

| Ten years ago no town withir forty miles of Humansville had

a system of waterworks. You were then on equal footing with your
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neighbors and your enterprise and prosperity attracted desirable
citizens to your town. But since that time destructive fires
caused two of your nearest neighbors to take the necessary steps to
protect thelr property. The result is well known to yoﬁ. Other
things being equal capital always seeks that locality where protect-
icn is offered and where insurance rates are 1low.

Ts 1t prudent to trust in kind fortune until the alzmrm
surmons you to wateh irn utter helplessness,the destruction of many
thousands of dollars worth of property?

FPlemington is located only four miles distant,has railway
facilities equal to your own and although young ,yet conridently
expects to engage you soon in a sharp competition.

7sit wise to be indifferent to the future prosperity of your

town?
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