= . 2
) v g Y ¥ \-'-

THESIS
* Design of a Water Supply System for
College Hill, Easton, Pa.

BY

Go<

A

FREDERICK JOSIAH SPRY

1\

v
2
Y
1%
25
¥
Y
e
¥
v

L
<
i
1,:‘*
-




Degign
of a

Water Supply System
for

College Hill, Easton, Pa.

Thesis Presented for the Degree of
CIVIL ENGINEER
by
Frederick Josiah Spry
Class 1914,

Lafayette College
Department of Civil Engineering

Easton, Pa.



Index

l. Description of Work. (Page 1)
2. Data. (Page 3)
3. -Desigy (Page 4)
: (a% Reservoir

(1) Capacity
(2) Effect of Fire Draught

(b) Division into Districts - (Page 8)
1) Location of Districts
2) Population of Districts
(3) Fire Streams in Districts

(¢) Ruling Gradients (Page 9)

(d) Design of Pipe (Page 11)
(1) Size of Mains
(3) Investigation of Pressure under
ordinary Consumption
(2) Investigation of Pressures under
Fire Consumption
(4) Summary of size of pipes

(e) Location of valvee; waste valves, blow-
offs and hydrante (Page 43)

4. Computation of Cost. | (Page 45)



Design
of a
Water Supply Systen
, for
College Hill, Easton, Pa.

In June, 1912, a graduation thesis entitled
"Design of a Sewer System for College Hill, Easton, Pa.,"
was submitted by Messrs. Diaz and Cline of the Class of
1813. The thesis here presented is a design of a water

supply system for the same area.

The College Hill section of Easton is situated
on a hill in the northeastern part of the town and is
isclated tc such an extent that it can better be supplied
with water by a system of its own than by a system in
‘common with the rest of the city. It has at present a
population of 4460 and an area of nearly three~fourths of
& square mile. The population can be considered as vary-
ing with the population of the entire city, which as the
accompanying population curve, based on census reports,
shows, doubles itself every thirty years. The system
will be made adequate for the needs of thirty years to
come . It will therefore be desirned for a population of

double the present population, that is for 8920 people.
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The College Hill section is at present supplied
from a distributing reservoir owned by the Lehigh Water
Company. The water for this reservoir is pumped from the
Delaware River through a vertical diestance of approximately
300 feet. This reservoir will be used’ in the design but
the rest of the existing system will not be taken into

consideration.



Data.

The map of College Hill with elevations
used in the preparation of this thésis is for the
most part a reproduction of a map made by Messrs.
Diaz and Cline of the class of 1913 in connection
with the aforementioned thesis. Such additions
as were neceseéry were made from traverse and level
surveys rum by Messrs. Spry and McWilliams of the

class of 1914 and Jones of the class of 1915.

The population was computed by counting
the number of residences and allowing five persons,
the size of the average American family, for each

house.



Design.

(1) The Reservoir.
The reservoir has the shape of an inverted
frustum of a wedge with rounded corners with the sides
8loping encugh to meet in an edge at a depth of 44 f¢t.

@8 per sketch.
By means of an ovsrflow nipe

the water, when the pumps are

working, is kept at a level

437 four feet below the top of the
\___”_M__/ masonry making a depth of 40
Skefch of eservorr feet from the surface of the

water to the edge of the. wadge.

The volume of this wedge (40 feet deep) is
1274,000 cu. ft.= 9545.000 gals. If we assume a maxi-
rum ordinary consumption per capita per day of 150 gal.,
the amount of water necessary to tide over a three days

lay-off of the pugps is 4,000,000 gals.

This requires a depth from the surface of the

. Y%
water of 40-40 (2422000 \2 0 0 o ous

- 40-33.8 = 6.8 ft.



Drop of Water in time of Fire.

The greatest number of 250 gal. per min., fire
streams needed (according to Ktﬁchling's formula, y- E.ér;‘
where x is the population in thousands) is 8.§7§-: 8.4 or
9 streams. Allowing for fires of five hours duration,
the quantity of water reéui:ed is 5x9x350x60= 675,000 gals.

The drop in the surface level is,
&
40-40(22245,900=873.000 )= 3,76 1+,
2 4 v

Elevation of High Water 283.7
Drop in time of Fire 3.7

Elevation of Low water 280.0



8.

Division into Districts.

The section to he supplied is divided into
the following districts.

Dist. No.l. Bounded by McCartney Street,
faub St., Sullivan St., and High St., Jenks St., Parsons
St., Sullivan St., and High 8t.

Dist. No.2. Comprising Lafayette College
Campus. - .

Dist. No.3. _ Bounded by McCartney St., Monroe
St., Broadhead St., Butz St., Ridge Ave., E. Raub 8t.,
Raub St., bounded by

Dist. No.4. lcCartney St., Chestnut St.,
Cattell St., Clinton St., Reeder St., High 8t., Broadhe=~d
St., and Monroce 8t.

Dist. No.5. Including all the remainder of
College Hill.

The populations of these districtas are not con-
sidered to vayy uniformely but are weighted so that the
total population doubles the present population according

to the following table:



Dist. Present

Factor-of Population' remarks

192 <. I ¥ B =

Population' Increase ' 1944
660 3.0 1980 Outlying district
600 2.0 1200 Lafayette College
840 1.8 = 1860 Well built up at
present
1600 1.5 2400 Well built up at
y 4 ' present
! 760 3.75 2080 Outlying diatrict
4460 8930
Pressures

The required pressures are:

District No. 1.
District No. 3.
District No. 3.
District No. 4.
District No. 5.

20 1lbs. per sq. in.
30 1lbs. per aq. in.
30 1lbe. per sq. in.
20 1bs. per sq. in.
20 1bs. per sq. in.



Fire Demand.

The allotment of fire streamsa

districts are as follows;

Dist. No.
Dist. No.

Dist. No.
Dist. No.
Diﬂt. RO.

1.
2.

3.
4.
5.

3

2
4

3
3

3

streams

streams
gtreams

st reams
streams

gtreams

@ 175

@ 175
@ 250

® 175
8 175
@ 175

to the various

gal.-

gal._
galy”

gal.=
gal.=
gal.=

Not more than nine of these streams

used at the same time.

535 gal.
1350 gal.

535 gal.
535 gal.
525 gal.

are to be



Ruling -Gradients.

DPistriet No.'l.

Elevation of Low Rater =~ 280.0

il

Elevation curb at eenter 131.00

Pressure Head (20x2.304) 46.08 177.0

Allowable drop in Prezometric Level 102.9
Distance = 5,000 feet.

Ruling Gradient - 103.9 = 30.59 ft. per
s 1,000 ft.

District No. 3.
Elevation of Low Water 280.0
Elevation of Center of District 120.0

Pressure Fead (30x3.304) < 69.1 259.1

Allowable drop in Prezometric Lsvel 28.9
Distance = 5,350 feet

Ruling Gradient = -g-‘%é—g- = 5.3 feet per 1,000 ft.

District No. 3.

Elevation of Low Water - 280.0
Elevation of Curb at Center of Dist. -

189.2
Pressure Head 20x3.304 - 46.0 335/3

Allowable drop in Prezometric lLevel AA m

9.



10.

Pistance = 4,300 feat.

Ruling Gradient - 44,7 = - 10.4 ft. per 1000 ft.
43.00 ~

Diatrict No. 4.
Elevation of Low iaﬂef 280.0
Elevation of Curb at Center & 175.85

Pressure Head 30x2.304- = 46.08 281.9
Allowable Drop in Prezometric Level 58.1

Distance = 4,500 feet.

Ruling Gradient :’§%f% = 13.9 ft. per 1,000 ft.
Distriet No. 5.

Elevation of Low Water 280.0
Elsvation of Curb at Center = 178.3

Pressure Head 30x2.304 ® 46.0 254.3
Allowable Drop in Prezometric Level 55.6

Distance = 5,800 feet.

Ruling COradisnt :_5gfg5 = 9.6 ft, per 1,000 ft.



Design of Piping

Consumption by Districts.

11.

For ordinary consumption 150 gallons per capita

per day will be considered the average

will give the consumption by Districts

Dist. No. 1 1980 x 150
60 x 24

Dist. No. 2 1200 x 150
60 x 24

Dist. No. 3 1260 x 150
60 x 24

Dist. No. 4 2400 x 150
680 x 24

Dist. No. 5§ 2090 x 150
60 x 24

e

The following analysis
proportioning of the droft. In
ions are atated in terms of the

district as stated above.

consumption.

as follows:

206 gals. per min.

135

1323

350

218

gals. per

gals. per

gals., per

gals. per

min.

min.

min,

min.

This

will be observed in the

this analysis the propor-

consumption for each

Raub 8treet Reservoir to McCartney Street

18

13 of Dist. No. 1 ¢+ g of Dist. No. 2

+ 7.5 of Dist. No. 3 + 6.5 of Dist. No. 4.
L9

14

Main around Dist. No.

3§ of Dist. No.1

14

1



13,

Sullivan Lane Main
a of Dist. No.23
5
McCartney St., Raub 8t., to Monroe St.

%g of Dist. No.l + g of Dist. No. 2 +
2.5 of Dist. No.3 + 8:5 of Dist. No.4
14 12

KcCartney St., Monroe St., to High St.

4 of Dist. No.l ¢ 5 of Dist. Ko.3 +
18 5

6.5 of Dist. No.4

14

McCartney St., High St., to Chestnut St.

2 of Dist. No.2 + 4,5 of Dist. No.3
5 14

E. Raub St. Main

8.5 of Dist. No.3 4+ 7.5 of Dist. No.4 +
14 14

30 of Dist. No.5

20

E. Raub St., and Ridge St., to Broadhead and
Monroe St.
8.5 of Dist. No.3 + 7.5 of Dist. No.4 +
14 14
10 of Dist. No.5.
20
Broadhead 8t., Monroe St., to High St.

5 of Dist, No.4 + 5 of Dist. No.5
14

3



13.

Monroe Street Main

3 of Diet. No.3+ 3 of Dist. No.4
14 17

Chestnut St., Cattell St., Clintcn 3t.,
 Reeder St., High 8t., Main.

6_ of No.4
14

Main around Dist. No.5

10 of Dist. No.5.
20

Location of Piping.

Pipes will be laid as far as possible on the nor*h
and east siies of the streets at a distance of 18 feet from

the property line.



Design of Mains,

The mains are to be designed so as to give
sufficient pressures for both ordinarf and fire con-
sumption. The minimum size of pipe to be used in the
system is 4", The pipes are designed with the aid of
the diagram on page 243 of"Public Water Supplies by
Turneaure and Rusaell." They are designed to econom-

ically take care of the ordinary consumption and at the

same time to be sufficient for the fire consumption,

This will be done in three steps.

1st. The pipes will be déeigned 80 that
the lost head per 1000 ft. is as near possible
to the ruling gradient.

2nd.  The system will be investigated to
determine whether the pressures in the various
districts, under ordinary consumption are suffi-
cient, g el 5 P

3d. The syétem will be investigated for
sufficient pressure under fire consuhption.

(1) Size of Pipes.
% - Raub St. Main-Reservoir to Raub St., and

MgCartney St. Ruling Gradient is 5.3 ft per
1,000 feet.

14.



15.

Draught on pips.

Dist. No.l %g x 306 | = 208 g. p. m.

8

Dist. No.2 x 125 = 1235 g. p. m.

)
5
7

Diet. !;0.-5 05 X 133 = 71 8. _DO e

i1

T 116 ¢. p. m.

Total 4 518 g« P I,

Use 8" pipe.
(From diagram) Lost Head per 1000 feet = 7.0 ft.

This valte is higher than the ruling gradient,
but will be accepted 8ince the distance is ehort and

following values will probaply be considerably less than

the ruling gradient.

Main Around District No.l.
Ruling Gradient = 20.59 ft. per 1000 ft.
Drgught on pipe.

Dist. No.l 9_ x 806 = 103
18

Use 4" pipe.
(From diagram) Loat Head per 1000 ft. = 11 feet,



Sullivan Lane Main.

Ruling Gradient is 5.3 ft. per 1000 ft.

Draught on pipe.
Dist. No.2 3 x 135 = 50 g. p. m.
5 |

Use 8" pipe.

(From diagram) Lost Head per 1000 ft.= 50 g. p. m.

HcCartney St., Raub St., to Monroe St.

Ruling Gradient = 5.3 feet per 1000 ft.

Draught on pipe;
18

81114 ‘
Dist. NO.3 7-5 X 132 -~ 71 go po
14 P
Digt- N°‘4 6.-5 X 250 = 116 g. pn
14
— 415 go po

Total

Use 8" pine.

(From diagram) Lost Head per 1,000 feet = 4.5 feet.

McCartney St., Monroe 8t., to Higkh St

Ruling Gradient = 5.3 ft. per 1000 ft,

Deaught on pipe:

. 18

Distf No.4 6;§ x 250

116 g. p.
2387 g. p.

m.

m.
m.

186.



Use 8" pipe.
(From diagram) Lost Head per 1,000 ft.= 3.5 ft.

McCartney St., High 8t., to Chestnut St.
Ruling Gradient - 7.35 ft. per 1000 ft.
Drauzht on pipe.

Dist. No.3 % X 135 « 50 g. p. m,

Dist. No.4 4.5 x 350 =80 g. p. m.
4
Total = 130 g. p. m.

Use 8" pipe.

(From diagram) Lost Head per 1000 ft. = 2.5 ft.

East Raub St., Main-Reservoir to E. Raub St.,
and Ridge Ave,,

Ruling Gradient= 9.6 ft. per 1000 ft.

Draugzht on pipe.

Dist. No.3 6.5 x 132

—_——

5
4
Digt. No.4 7.5

1
14
Dist. No.5 20

6l g. p. m.
x 250

134 g. p. m,
x 218 « 318 g. p. m,

av]

Total 413 g. p. m.

Use 8" pipe.
(From diacram) Lost Head = 4.6 ft. par 1000 f+.

Fast Raub St. and Ridge Ave., to Broadhead
St., and Monroe St.

17,



18.

Ruling Gradient = 9.6 ft. per 1000 ft.

Draucht on pipe.

Dist. No.3 +5x 133 = 61 g. p. m.

Dist. No.4 7.5 x 350 = 134 g. p. m.
14

Dist. No.5 10 x 218
20

s | Total 304 gz. p. m.

9

109 g. p. m.

Use 8" pipe.
11 ft.

(From diagrsm) Lost Head per 1000 ft

! Broadhead gt., Monroe St., to High St.
Ruling Gradient = 9.6 ft. per 1000 ft.

80 g. p. m.

| Dist No.4 5_x 350
I n
) Dieto NO.S 5 X 318 = 55 g- P. m.

l ! 20
Total = 144 g. p. m.

Use 6" pipe.
(From diagram) Lost Head per 1000 ft.= 3.0 ft,

Monroe St., Main.

Ruling Gradient = 10.4 ft. per 1000 ft.

Draught on pipe.

17
Pist. No.4 3 x 350 = 54 g. p. m.
11

Total = 88 go p. m,.

Use 4" pipe.
(From diasram) Lost Head per 1000 ft. = 7.5 ft.



Chestnut St., Cattell st., Clinton St.,
Reeder St., High St., Main.

' DrauOht on piﬁe.d
Dist. No.4 g§ x 850 = 108 g. p. m.

ey :
Use 4" pipe. 149 . 05" =

Main Around Dieffizgﬁiolk;

Draught on pipe.‘
Dist. No.5 10 x 218 = 109 g. p. m.
- Use 8" pipe. :
~ (From diagram) Lost Head per 1000 ft. = 1.7 ft.

e B

- = 4
T
R 1 '
:
II
. . - s
L] . A fa
e 4
1 ke
:?" o : ¢
= ;
. A
o
. » i
i 4 '
:
|
1 TPy
'|' : e &
!
.
£A9L2UNY » 5.8
R
o
3
13".|1<‘l o

Ruling Gradlent = 10.4 ft. per 1000 f¢.

g;j (From diagcam) Lost Head per 1000 f£t. = 12.0 ft.

Ruling Gradient = 9 6 ft. per 1000 ft.
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Investigation to Determine Pressures
under Ordinary Consumption

District No.l.
Elevation of Low Water 380.03
Elevation of Curb at Center = 131.00
149.03
64.5 lbs.

n

Difference of Elesation

Equivalent Pressure -h149.9§
+ 304
Lost Heads.

Reservoir to McCartney and Raub Sts., 8" pipe.
Lost Head per 1000 ft. = 7.0

Distance SOOvatf ‘
Lot Head m P40 % .B = 5.6 ft. 67
McCartney and Raub 8t., to Jenks and Monroe St.
4" pipe.
Loat Head per»lOOO Tt
Distance' 3860.ft.
" Lost Head = 3.3 x 11.0 = 35.2 ft.
Jonks nnd Nomcen B8 Conter of b?bt‘,_ 4" pipe.

Deaught ; %ﬁ_x 806'= 13 g}tﬁ} me
The Lost ﬁead ﬁer 1000 ft., for such a small

quantity can not be determined from the
diagr:m, therefore, assume the Lost Head to

be 100 fto ; L ke
The total Lost Head is 5.6 4 35.2 + 1.0 - 43.8 ft,

Equivalent pressure = =.18.5 1bs.
) 4485
Pressure at center of district is 64-18.5 =45.5 1lbs.,

Minimum Pressure required = 20 lbs.



‘District No.23.
Elevation of Low Water ' '~ - "= 2380.0 ft.
Elevation of cen#érﬁof“bisxtici.’&~;90.9 ft.
Difference in Ell@ttl@n : ;;‘ - 90 0 ft.
Equivalent Pregsure -4§§§8%n - i 39 1 1lbs,

Lﬁgl“

- A r
M ARARE - Y

we Y o ]

Lost Heads 'E@Hehat ~08.1+7 8251,

Reaervoir to Raub and McCartney St., (see:
computations for Dist. 1)

.‘~--u1‘ LT Figt 4 a8 B 8 5 AU 1 ol Ke ?
Sy ani NoCarueges s, to IcCartney.and Monroe
. Street oA o8 Par g pipe.

Lost Head per 1000 ft. - 4.5 ft.

toe+ Head - 5.6 feet.

Distange “4¢ AArgis ®o@n}?700 £4.°°

Lost Head =4.5 x 1.7 = 7.85 ft.
'McCartney-lcnréévStT;QtG'HithSt.'* - B" pipe.

Loat Head per 1000 ft = 2.5 3 o

Distance i 1100 ft.

Lost head = 1.1"x 2.6 = 2.75 ft.
Sullivan Lane Mafn.¢7' © of Tisi. fo.oo gwipipe,

Loat Head per 1000 ft. =.50 ft. o 90

Distancen® Frheoire - 1200 ft.

Loat Head = 1.2 x 50 = .6 ft.

y B, Tt Bnrl Ridag AV

21,
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To center of Diqtrtbt 46 % § yk 4" pipe.
Draught 1 I 135:= 35 g« P. Mo 0
Assume *ha Lost Head - 1.0 ft.

I 1

Total Lost Head = 5. 6 + ? B+ 8 8
+.8 +1.0 = 17.6 ft. .

Equivalent Pressure = 7.8 lbs.

Actual Pressure at '
Centar of District -39 1-7 8331 3 lhs.

Minimum allowa ble Pressure =30 lbs.

Dietrict RO‘ao : 19
The water consumed in Districts No. 3 and No. 4

-;5An be considered as supplied by either the McCartney St.,
t*lin or the Broadhsad St., Main. The distances to the
.fienter are about equal, tﬁé-larggr'amount of water passes
E;ihrough the McCartney St‘,hlain, but the Broadhead St.,
1 Main is of smaller in size. Tha Broadhead 8t., Main will

f give the greater lost heada, therofore, it will be con-

2

aidered in the inveat1gations.;_;‘,
Elevation of Low Water . = .= 280.0
Elevation of Center of Dist. No.3. = 189.3
Difference in Elevation. . pHo,om 9048

Equivalent Pressure = = v pm 39.3 lbs.

¥

Lost Heads. on - Baavdtdog ;
Reservoir to E. Raub and Ridge Ave., 8" pipe.

Lost Head per 1000 ft. = 48 ft.



Distance , g 500 !t.
Lost Head. & 5 x-tsi-“a 3 ft.

E. Raub and Ridge Ave., to Broadhead St.,
and Monroe St., L 6" pipe.

' "

Lost head per 1000 ft. = 11 ft.
Distance : .' ’aooo' £t
Loat Head 2 x 11 - 33 h o3 A

f "‘-.

Broadhead and Ionroe to lonroe and Porter St.
5t { 4" pipe.

Loet Head per 1000 ft = 7.5 ft.
Distance = 1000 ft.
Lost head = 7.5 x'1 = 7.5 ft.
To Center of District. 4" pipe.
Draught = %E x 132 = 10
Asaume the lost head = 1.0 ft,

Total lost hcad = 3 3 %233 ¢ 7.5 + 1.0

Equivalent Pressura 14 4 1ba.

Actual Pressure at Center of Diat.
39 3’14 ‘ b3 “09 ;b"

Hinimum allowablc prelsure = 30 lbs.
District No.4.

Elevation of Low Iator = 380 0

Elevation at Center of Dist.- 175 8’

Di’ference in tlovation B 104 1‘

Equivalent Pressure _ = 45,3;1b9.

23.



Lost Heads.
J R0 I;n B
Reservoir to Broadhoad aﬁn;lanoe (aee
computations for No.3)

Los* Head = 2.3 - 23\3’35 5 ft.

vl s 4 gl

Broadhead and lonroe to Broadhoad & High 6‘ pipe.

LTS

(ol d g IRl X
Lost Head per 1000 ft -~ 3 0 ft.
Distance ; 750 ft.
Lost Head - 3 o x 7.5 ; s as ft.

] D o B

Broadhead and High Bt., to Olinton and Porter St.
Lost Head_per‘laoodlﬁ - 13 ft.
Distance Coft Laed 4 1850 Lt
Lost Head = 1.85'x 123 = 15 ft,

To Center of District. . 17 4" pipe.
DPraft on pipe. .

Dist. No 4, %T x 350 = 18 g. P. M.

Assume a lost head of 1 O ft.

+ L 4

Total Lost Head = 25. 3 + 8 3+ 15 + 1 O = 43 6

L alRel SRR

34.

Equivalent Pressﬁra i - 18. 8 lbs.
¥ ¢ Re 1 Y P
tual Preeaure at Center of Diat.- 45, 8-
ke NEbinkReRe 4o sitNcy of AuBE4 1bs.
Minimum allowahle Pressure = - 30 1lbs.

“District No.Buo' o &

Elevation of Low wateri. mact &0 = 2380.0 ft.
Elevation of Center of District = 179.4 ft.
piffarence of Elvation = = ""°°-§‘f*-
Equivalent Pressuresiliis aioui: sl 43,5 1bas .

Lost Heads.



35.

Reservoir to Broadhead 8t., and High St.
(see computation for n§e€3530.4§ Avida

Lcat Head = 35.3 = - = 8706 4 -
Broadhead and High to Uaiiell‘aﬁdeutko An pipo
Lost head per 1000 ftﬁ‘ily? ft.

7 ' :
Distance : _,ht ‘= ISCOth.A'

e - RrEnvsst

Loat head = 1.9 x 1.7 = 3.2 o
Meixell and Burke to Péntir of Diat.)* 4" pipe.

Draught on Pipe.
% x 218 = 10&9‘

%o & \
Agssure the lost head to be 1.0 4 4 04

Total Lost Mead = 27 6 - 3 8 - 1. 0 - 31, 8 €.

Rquivalent Pressure - 13. 7 1lbs.
Ac*ual Preseure at Center of Diet.
¥inimum allowable Predﬁufe“ A57 gald 30 lbe.

Investigations of Pressures at Time of Fire.

Proper fire pressure may be provided either by

:?eraaeing the pressure in the pipes through the use of

or by raising the elevation of the

umps in the main,

‘;T T surface; or by means of fire engines.

The College Hill section jg so uneven that an

increzse of pressure euffidféntAf9'Iﬂe€*thﬂ demands in

 _ﬂ~ of fireat the higher’particnsy would cause a pressure
portions 1arge enougb to injure the plumbing.

in the lower
‘ ines is theretéro assumed in this deeign.

use of fire eng
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The Consumption af time of fire is divided into
two parts.

(1) The water actually used in fire streanms.
To find this, two fires will be con-
sidered as occurring simultaneously,
one in the'district under investigation
and one in that other district where it
will produce the greatest lost head at
the center of the district in question.
Fach of these fires are considered to
take all the fire streams allotted to
its district.

(2) The water consumed for domestic purposes
during the fire, which in this design,
will ve taken as 90 gallons per capita
pe r day. .

As previously stated the allottnent of fire streams

is as follows:

streams 8 175 gals. per min.
streams @ 175 gals. per min.
streans @ 2350 gale. per min.

District No.l
District No.2

District No.3 strears @ 175 gals. per min.

b District No.4 streams @ 175 gale. per min.

Y B

District No.5 streams @ 175 gals. per min.

The amount consumed (in gallons per minute) for
domestic vse during fires is:
o District No.l1 1980 x 80 = 124 g. p. m.

_ . X 60
District No.2 1 X - 75 g. p. m.
4 x 60

District No.3 1360 x 90 = 79 g. p. m.
24 x 60

District No.4 348% : gg = 150 g. p. m.

District No.b :24 : 98 =131 g. p. m.

"l
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Distriot No.l.

Elevation of Lok Betery - 280.0
Elevation of Center of District - 131.0
Allowable drop in Prezometric lLevel = 149.0

| The greatest lost heéd will occur with fires in

‘Districts No.l and No.3.

o

The amount of water consumed 1n the ‘districts

-

District Domestic Fire Total

No. Consumption Consumption _
1 124« 542 X 985 849
3 750 9. S 39Pter OF 13488
3 79 - 79
4 150  mee- 150
Loit'Héahd. | . -
Heservoif to Raub and~locartney‘8t;~ l Bf pipe.

4
& g

Draught on Pipe.'r
District Neo.l %g x 649 = 649 g, p. m.
District No.2 % X 1350 - 1435 g. p. m.

District No.s 7. 5 X 79 - 43 g. Pe R
District No.4 Q%g X 150 - 69 g. P. B,

Total -5553"27 pP. M.
Lost Head per 16‘ _f_t'.h: 85 ft.
ristance '=_ - Q?Oth.
Lost Head 85 x .8 = 68 ft.

As this gives nearly one half of the lost head

=Ui-1n a very short distarnce, it is evident that a larger

';”;plpe must be used. Try a 10" pipe.



oy S ST g S e
BEES e KISy
‘

Lost Head per 1000 £t. = 30 ft.

Distance = 800 ft.

Lost Head = 30 x .8 = 24 ft.

McCartney and Raub to Jenks and Monroe. 4" pipe.
Draught on Pipe.
Dist. No.l %E; 649 = 325 g. p. m.
Loet Head per 1000 ft = 80 ft.
Distance = 3300 ft.
Los t head 80 x 3.2 = 356 ft.
This is excessive, Try 6" piﬁe.
Lost Head per 1000 ft. = 12 ft.
Distance ' = 3200 ft.
Loat Head = 3.2 x 12 = 38.4 ft.

Jenks and Monroe St. to Center of District 4" pipe.

Draught on pipe.
1 1649:383-p.m.

18
Lost Head per 1000 ft. = 2.0 ft.
Distance ; = 1000 ft.
Lost Head <5 - 2.0 ft.
Total Lost Head = 24+38.442.0= 64.4 ft.
Allcwable Lost Head ) = 149.03.

District No.3.

The lost head will be greatest with fires in

)ﬂtitricte No.2 and No.4.
The quantities needed for the various districts

i jct Domestic Fire Total
Dle;g.c Consurption Consumption
124 — 124
é- 75 1350 1438
79 i
Z 150 525 675
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Elevation of Low Water = 280.0
Elevation of Center of District =_190.0
Allowable Lost Head == ~ . = = 90.0
Lost Heads.
Reservoir to Raub and McCartney St. 10" pipe.
Draught on Pipes. » ar s
Pist. No.l %% X 1?4 = 124 g. p. m.

Dist. §o.3 %g 1425 = 1425 g. p. m.

Dist. No.3 %ing.?ﬁ = 43 g. p. n.
Dist. No.4 %ig‘xu67§ .g 313 g. p. B,
Total & = 1905 g. p. m.
Lost Hezd per 1000 ft = 283 ft.
Distance . .= 800 ft.
Lost Head .8 x 232 = 17.6 ft.
McCartney and Raub to McCartney and Monrce 8" pipe

Draught on Pipe.
Dist. No.l T%' x‘134 = 62 g. p. m,
Diet. No.2 % x 1435 = 1425 g. p. m.
Dist. No.3 zi%'x,79 " = 43 g. P. W
Dist. No.4 %i§ x 6756 = 313 g. p. m.
' Total '=71828 g. p. m.
Lost Head per 1000 ft - 60 ft.
. = 1700 ft.
= 103 ft.
Try 10" pipe.

Distance
Lost Head 1.7 X 50

This is excessive.
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&

Lost Head per 1000 tt.‘ = 21 ft.
Lost Head = 1.7 2 21 = 35,7 ft.

McCartney and Monroe to MeCartney and High 8" pipe.
Draucht on Pipe. ey i

Dist. No.l %ﬁ x‘124 = 37 g« P. W,

Dist. No.2 % x 143521435 g. p. m.

Dist No. 3 %ig x 875= 313 g. p. m.

Total = 1765 g. p. m.

Lost Head per 1000 ft 3;55 ft.

Distance aeril00 I%.

Lost Hoad = 1.3 x S8 IERSCEIY,

This ie excessive. Trzrlo' pipe.

Lost Head per 1000 ft. = 19.tt. |

Lost Head = 1.1 x 19 = 30.9 ft.

8611 ivesn Lans-NatRe Hal 6" pipe.
Draught.

5
Lost Head per 1000 ftai= 35 ft.
=_1300 ft.

42 ft.

Distance

Lost Head = 55 X 1.8 =

This is excessive. Try 8" pipe.

Lost Head per 1000 ft = 8 ft.
Distance - 1300 ft.
c.6 ft.

Lost Fead = 8 X 1.2 =




To Center of District 4" pipe.

itk

Draught on Pipe.
: 15 x 1435 -aaﬁg:p;JI.

Lost Head per 1000 ft - 70 ft.
Distance : :‘psp ft.
Lest Head « .55 x 70 :i§p,5;ft._
This is excessive. Try g;mp;po._
Lost Head per 1000 ft. - 9.5 ft,
Lost Head w .55 x 9.5 = 5.3 ft.

Total Lost Head = 17. 6 *, §5 7 + 30 9+
u064'52 'BQOfto

¥

Allowable Loet Bead. . A SIS = 90.0 ft.
District lo.”ai"‘ !
The greatest lost head occurs with fires in

No. 2 and No. 3.
The quantities needed for the various districts

o
-l A ¥
s

Digt. ‘Domestic T “Hifet ™" H+ Magta
No,  Consumption Cog;uppt?onil "
1 124 N -
3 75 1350 - 1435
3 79 525 . .. 654
4 150 == 180
= 380.03

Elevaticn of Low water £ .
Elevation of Center of Diotriet 189.20

Allowable Lost Fead = 90.83

.t.!‘ll‘ 3 #

31.




Loat Hehdy

33.

Reservoir to Raub and Idﬁiftﬁay Street. 10" pipe.

"

~ Draught on Pipd:
Dist. No.l 18 x 124 = 124 g. p. m.
Dist. No. 2 é? x 1435 =1435 g. p. m.
Dist. No.3 7.5 x 654 = 350 g. P. m.

———

14
4
Total = -1979 g pa m.

Lost Head per 1000 ft = a8 2%,

Distance = QOblft.

Lost Head = .8 x 33 = 18.4 ft.

McCartney and Raub to.léCartnoy and Monroe
Draught on Pipe.

Dist. No.l _9 x 13¢ & 63 g. p. W

Dist. No.3 12 x 1425 =1425 g. P. E.

Dist. No.3 2 5 x 654 = 350 g. p. WM.
roliy ;

Dist. No.4 §,§ x 150 = 180°@. p. m.
Total 1917 g« Ps Mo

Lost Hezd per 1000 ft,{,,az ft.

Distance = 1700 ft.

Lost Head = 1.7 x 28 = 37.4 ft.

McCartney and Monroe to
Draught on Pipe.
14 A |
No.4 & x 150 = 38 g. P. M.
4

Mon:oe and Reeder

Dist.

10# pipﬂ .

4" pipe




Lost Head per 1000 ft. = 28 ft.
Distance -900 ft.
Lost Head = .9 x 238 7 =35.8 ft
To Center of District. -
Deaught on Pipe.
1 x 654 = 46 g. P. B
Lost Head per 1000 ft = 3.0 It.
Distance -=1306 ft.
Lost Head = 3.0 x 1.2 e 3.6 ft.

33.

Total Lost Head = 18 4 + 37.4 + 35.2 + 3.6 =84.8 ft.

i3 l'l y

Allowable Lost Head =-90.8 ft.

District lo. 4,

The greatest lost head ocpurs when fires are in

Iftricts No.2 and No.4. ﬁ;

i

The q0°nflties needed in the varioua districts

te as follows:
A'Tstal

Dist. Domestic Fir;
No. Consumption Coneumption
1 134 e 124
2 75 " 1850 . 11435
3 79 —— ‘79
4 150 . 535 875

g the same arrangemcnﬁtgsrusod to
in District No. 2.

Flevation of Low Water - .. = 280.0 ft.

Elevation of Center of Di.trin&§75 .8 ft.
104 ‘1 ftv

This i

rfi-stigpfe fire pressures

Allowahle Lest Head
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Lost Heads.

Reserveir to McCartney and High St.
(See comrutations for Dist. No.23)

Lost Head = 17.6 + 35.7 + 30.9 = 74.3

McCartney and High to McCartney and Chestnut
6" pipe.

Draught on Pipe.
Dist. No.2 3 x 1425 = 855 g. p. m.

5

Dist. No.4 4 x 675 = 19h ;. p. m.
14

Total 31047 g. p. m.

'Lost Head per 1000 ft = 150 ft.
Distance 4 = 900 ft.
Lost Head .9 x 150$ij5713500v
This is excessive. Try 8" pipo.
Lost Head péer 1000 ft. . 33 ) o
Lost Head o= 80.? ft.
McCartney and Cheatnut;§9 Clinton &'Porter 4" pipe.
Draughts.
Diet. No.4 %,x 675 = 192 g. p. m.
Lost Head pe: 1000 ft. = 35 ft.
.. = 1100 ft.
Lost Head 1.1 x 35 = 38.5 ft.
Try 6" pipe. =

"

Distance

This is excessive.

Lost Head per 1000 ft. = 5.0 ft.

Lost Head = 1s1 X 5:0 = 5.5 ft.
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Clinton and Porter St., to Center of District.
4" pipe.

Draught on Pipe.
Dist. No.4 1 x 654 = 46 g. p. m.

14
Lost Head per 1000 ft = 3.0 ft.
Distance = 700 ft.
Lost Head = 3.0 x 7T o= 301 ft-o

Total Lost Head = 74.2 + 30.7 + 5.5 + 2.1 = 102.5 ft.

Allowable Loest Head = 104.18

District No.5.

The greatest lost head ocpugi§vith fires in

ities needed for the various districts

The quant
Dist. Domestic Fire I, Total
No. Consumption Consumpticn
3 79 i TR
4 150 535 675
5 131 525 656
Elevation of Low Water = 280.0 ft.

¢ Dist. = 179.4 ft.
- 10006 ft .

Flevation of Center ©

Allowable Lost Head
Lost Heads.

Reservoir to E, Raub St & Ridge Ave. 8" pipe.

Draught on Pipe.




Distance
Lost Head = 50 X 2.0

This is excessive.

Dieto NO.3 6 5 X 79 ""' ‘3? gv

'T'

14

Dist. No.4

Dist. No.5 80 x 656. _§§§ B.

20

Total 1055 k.
Lost Head per 1000 ft. = 24 .
Distance - =500 ft.
Loat Fead = .5 x 24 oﬂil ft.
Fs Raub and Ridge Ave to)pﬁoa&@ead

Draught on Pipe.
Diﬂto R0.3 6-5 X 79 - 37 s’

=

Dist. No.41 7.5 x 675 =362 g.
4

Dieto NO-5 %% X 656 !gﬂ B

Total =737 g.

Lost Head per 1000 ft = 50 ft.

=3000 ft.

4
7.5 x 675 = 362 ¢.

and

P
p.
P.

Try 8" pipe«

Lost Head per 1000 ft = 12 ft.

Lost Head = 2.0 x 12

'—'”ftc

to Broadhead

Broadhead and Monroe at.
g" pipe.

Street.

praught on Pipe.

Dist.

Dist. No.5 5. X 856
20

Total

n

164 g. P
429 g. P-

m.

Monroe
8" pipe.

and

Figh

St.
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Lost Head per 1000 ft. = 20 4.
Distance 700 ft.
Loat Head - 07 X 30 14 ftu

4

Broadhead and High St. to Meixell and Burke St.
8" pipe.

Draught on Pipe.
I .

20 |
Lost Head per 1000 ft. = 11 f%.
Distance g ~ 1900 ft.

Lost Head = 11 x 1.9 = 30.9 ft.
Meixell and Burke to Center of District 4" pipe.

Draught on Pipe.
1x656=333.p.l._

t

20

Lost Head per 1000 ft./= 3.5 ft.

Distance - 800 ft.
51?5 ft.

Lost Head = 8:5 x .6
ad = 12 + 8¢ + 14 4 80.9 = 1.5 =72.4 ft.

=100.6

Total Lost He
Allowable Lost Head
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Investigation'to Determine Pressures under
Ordinary.with Accepted Sizes of Pipes.

District No.l. PLSE

Preassure Equivalent to Drop in Elevation - 64.5 lbe
Lost Heads.

Reservoir to McCartney and Raub, 10" Pipe.
Lost Head per 1000 ft - 3.3 ft.
Distance = 800 ft.
Lost Head = 8 x 8.3 2l.8 ft.

McCartney and Raub to Jenks and Monroe 6" Pipe.
Lost Head per 1000 ft = 1.5 ft.
Distance = 3200 ft.
Lost Head = 3.2 x 1.5 < 4.8 ft.

Jenks and Monroe %0 Center of District.
Lost Eead as Before = 1.0 ft.

Total Lost Head = 1.8 + 4,84+ 1.0+ 7f6

Equivalent Pressure “ 7343
center of Dist.

Actuval Pressure at | I8 3 1bes

64.5-3.3

District Fo.2.

Pressure BEquivalent %0 prop in Elevati‘n =32.1 lbs.

Lost Heads.
Cartney and Raub.

Reservoir to Mc
utations for Dist. No.l)= 1.8

Lost Head (see comp

d Monrce
McCartney and Raub to McCartney agon e
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Lost Head per 1000 ft 1. 5 ft.
21700 ft.

Distance
Lost Head = 1.7 x 1.5 +3.8 ft.
McCartney = Monroe to High 8ts. ~ = 10" pipe.
Lost Head per 1000 fg..ee,a‘rt.
Distance <&=.1100 ft.ll
Lost Head = 1.1 x 8 _gA.Q;tt.
Sulligan Lane Main N 8" ﬁipe.
Lost Head per 1000 ft f: sl ft.
Distance 3 I; 1800 ft.
Lost Head = 1.8 X 1 =1 £t
-, 8" pipe.

To Center of District.
s SACR IR

Lost Head
= T ) "
Total Lost Head = 1.8 + 8.6 + -9
+l 6 - 60‘
Equivalent Pressure PR +2.8 1be.
t Canter of Dttt. Xl
Bl 9.1 # 8 - P S 36.3 lbs.

District No. Bt ‘
t to Drop in ‘Elevation 39.3 1lbs.

Pressure Equivalen

Lest Heada. _
- 8" pipe.

E. Raub- Reservoir %0 Ridge.tve;
Lost Head per 1000 ft 7 3.6 ft.
Distance | 22000 ft.
Lost Head = 2 X 2.6 tS.vi?.‘,i
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To Center of District. 4" pipe.

Lest Head (See previous computations):
7.5+ 1.0 = 8.5 ft.

Total Lost Head = 2.3 & 5.8 <4 8.5 = 16.0 ft.

&

Equivalent Pressure e 7,0 1.

Pressure at Center of Dist.iﬁﬁbS—"A
7'0, = 33.3 lbs.

i &

District No. 4.
Pressure Equivalent to Drop of Elevation = 45.2 lbs.

al\

Lost Heads.'
.0

Reservoir to Broadhead and lonroo.

Lost Head (see computations for Dist .
N0.3):2.3 = 5 2 = 7.5 ft.

ytt w

Broadhedd and Monroe to Broadhoad ang Highp?;;

Lost Head (See previoua g:nputatione)x

To Center of District. 4" pipe.

Lost Head (as before) = ,Q fi. 1

Total Lost Head = 7.5 + 8.3 + 1 0 ft = 10.8
2 4,7

Pressure at center of Dist. = 45f'f4'7‘40°5

Equivalent Pressure

District No. 5.

Pressure Equivalent %0 Drop i? 31°'§t1°” = 43.5 1be.

Lost Head.
Sts.
tions for Dist.

d (See comfuta
Lost Head ( s ~8 £,

Reservoir to Broadhead and High
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 . Broadhead and High to Meixe‘lllar:idﬂﬁt.i‘rk; é' ‘p"i“pe.
' Lost Head per 1000 ft=1.5 ft.
Distance + 1900 ft.
Lost head = 1.2 x 1.5 3.9 ft.
. To Center of District.
Lost Head (as before) = 1.0 ft.
Rotal Lost Head = 9.8 + 8¢5 # REBISESSRUENS
 Equivalent Pressure = 6.0 ft.

Pre: t Center of District
apiipi e 45.5 - 600 "3705 lb‘O

HigR Bt «
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Summary .

" From these investigaticns, the following sixes of pipes

re found to he correct.
‘ X

_ Main. Size.
T?gf St. Reéervoir to McCartney St. : 10"
i:&n around District No. 1. gn
ffilivan Lane Main. 8"
 ﬂcartney St. Raub St. to Monroe St. ' 10"
v:~0artney St. Monrce St. to High 8t. : 10
McCartney St. High St. to Chestnut St. . gn
E. Raub St. Reservoir to Ridge Ave. | | a"
E. Raub St. and Ridge Av e to Broadhead and Monroe 8"

;roadhead St. Monroe to High St. 8"
Monroe St. Main. 4"
Chestnut St.- Cattell- Clinton - Reeder - High St. 8"
Main Around District No. 5. 6"
Pipes across College Campus 6"

an

All other Pipes.



Location of Valves, Waste Valves, Blow-
off Valves and Hydrants.

The practice of placing valves varies in different
‘cities. In some cities four valves are placed at all
intersections. In this design the valves are placed accord-
‘ihg to the following considerations which effect a consider-
able saving and are correct for the conditicns involved.

p~ (1) A valve is placed wherever a small pipe
joins a main.

(2) Valves are placed in the mains so that
if a break occurs in one main, it need
not hinder the operati n of any other
main. Alsc in the case of long mains,
valves are placed so as to cut off a
gsection of the main.

(3) Valves are placed on small pipes so that
any break can be pepaired without effecting
less than three and more than five sections
of pipe. The locations for these valves
are found by experiment. The combination of
valves requiring the least number is used.

In accordance with these considerations,.valves
‘for this design are placed as shown on the accompanying blue

‘print.
Blow-off valves are placed at the low points of

"the design.
Waste Valves are placed in each district in

" sufficient numbers to waste the water in the district with

‘but little inconvenience to consumers.

43.
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géﬁ_. Hydrants will not be placed at every corner. This

'is a residential district and provision is made in the design

be placed on the south, west corner of alternate blocks.
The position of all valves, waste-valves, blow-

offs and hydrants are shown on the accompanying blue prints.

3
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Computation of Cost.

The amounts of various sized pipes used in this

I,
B
‘design are as follows:

10 in. pipe 2410 ft.
8 in. pipe 10000 ft.
6 in. pipe 18500 ft.
4 in. pipe 38560 ft.

Rrol To this must be added allowances for elbows,

10% pipe 17 ft.

8" pipe - 40 ft.

8" pipe - 62 ft.

4" pipe 88 ft. |
The total of these two items is as follows: J
10" pipe 3437 ft. }

8" pipe © 10040 ft. |

6" pipe 18562 ft.

4" pipe 38648 ft.

All pipe will be cast iron pipe, standard thick-
ness and in twelve foot lengths with hub ends.

The humber of valves used is:

10" valves 7
8" valves 10
6" valves 8

g 4" valves Q9 A



The

are post fire

Hose Nozzles.

The

follows:

10"
gn
gn
4n

The

10"
g
gn
4n

The

hydrant.

number of hydrants used is 49, These hydrants

hydrants with one steamer nozzle and two 2 3"

Cost Data.

cost of pipe per foot laid completeiis as

pipe $1.30

pipe #£1.20

pipe g .90

pipe # .80

cost of walves (in place) is as follows:
valves _ #40.00 per valve
valves £25.00 per valve
valves & 18.00 per valve
valvée £11.00 per valve

cost of hydrants in place is $30.00 per




The total cost of the design is
10" pipe laid complete 3437 ft
8% pipe - * % 10040 f¢t
é" pipe = " 18562 ft
4" pipe . . 38648 f+¢
10" valves in place 7
8" valves " " ~ .20
6" valves " " 6
4" valves " > 99
Hydrante " e 49

Total Cost.

47.

as follows:

@ $1.30 - 4455.10
1.20--13048.00
90= 16705.80
80= 30918.40
$40.00= 280.00
35.00 --350,00
18.00 = 108.00
11.00 =1089.00

30.00 =1470.00
$687324.30

® ® @ @ ® ®@ @ @®




