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In the selection of the sudbject for this
Thesis the writer is indedted to Prafessor H. €. Woods
of the Civil Engineering Department, and to Mr. Lavers
and Mr. Miller of the Department of Buildings and
Grounds. | ’

Since the problem is one that will in the
eourse of & few months be covered te completion in the
field axd is of & highly practical nature, the writer is
well satisfied in having obtained it for a Thesis.

| The writer also wishes to express his
l.pprocutibn of the suggestions and cooperation which
were accorded him by Professor C. L. Allen, Head of the
Civil Engineering Department, FProfessors lMiller and
Woods also of the Civil Engineering Department, and
Mr. Lavers and Mr. Miller of the Department of Buildings
and Grounds.
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A DESCRIPTION OF THE PROBLEM.

At the present time the water supply system at
Miehigan State College is inadequate for the needs of the
College. Water comes entirely from wells, a sufficient
numbexr having been sunk, but only two have pumps capable of
supplying water to the system., One of these pumps is a two-
oylinder resciprosating pump which will furnish the smount of
water that the College uses for ordinary econsumption, while
the other is an air lift pump. 7The reciprocating pump is in
good repair and ocan be oclassed as & dependable piece of
machinery, but the air 1ift pump, while bdeing itself uio_e_r____
condition, is dependent for air on a small compressor operated
by an engine incapable of rumming st a high enough rate of
speed, which leaves the unit of no real value to the system.
The College is dependent on the City of East Lansing for all
its water at any time it becomes nscessary to shut down the
reciprocating pump, and &lso dependent in the fase of any
wmusual demand such as & fire. The College uses a cchsiderable
smount of water (about £90,000 gallons per B4 hours) and has
power available to punp this water and operators caring for
present machinery who can operate and meintain the systea.
For reasons of safety and economy the system sheuld be improved.

A short time ago the State Legislature voted an
appropriation of $865,000 for improvement of the system. The
Department of Buildings and Grounds is plauming to improve the
systen in the swmer of 1926. It is the wish of the Department
to build whet improvements it is possitle to make, liberal



snough and lasting, to the extent that the College can depend
on these improvements to be all thet the demands of the College
will require them to be for an indefinite period in the future.
The prodblem of this thesis is to furnish a general design
whioch will amswer these requirements and which ean be built
from the funds available.

The steps followed in working out the problem, and
as found in this Thesis are as follows:

| Pirst, the topography ¢f the ground in the regien

where all the shanges are to be made was taken, as it has an
influensce on the design.

Becond, The type of pumping equipment, amount and
kind of storage, and all miscellaneous equipment was dscided

upon.

Third, The reservoir was designed.

Jourth, The piping and pumping system was designed.

Pifth, The cost was cheeked.

This last item could he done cnly spproximstely,
ue %o the limited sime available, and does mOt appesr as &
separate part of the Thesis, dut it was considered in pieking
equipment as much as existing information allowed it to de.
It is ocertain that when final figures are available some chamges
must bo made, dut if the design falls within reasonable limits
and the general layout dces not need to be altered, the results
hoped for in working this problem will be reached.



TOPOGRAPHY

Before starting work on the mapping of the ares
of wells and reservoir it was necessary to obtain dats on
the College triangulation system in order that features of the
nap, and elevations, might be in asocordance with maps of the
ocmmpus. College triangulation station Number Eleven ccmes
Just within the area of the map which made the erientation of
the map and reference for levels easy to obtain. College
Station Nusber 6 was sighted from Station 11 for oriemtation.
Data obtained from the Civil Engineering Department was as
follows: Asimuth of 1ine 6 to 11 - B518° - 07! - 56.7".
Elevation of Station 11 - 848.51 ft. All elevations and
directions are dased on these two fhins..

To obtain several asourately known points of reference
s olosed traverse was run from Station 11 and the asimuth and
length of eseh line recorded. Later a second traverse was
attached to the west side of the first. The error of closure
of each traverse and of the whole figure as one traverse was
computed and as it was found to be so small ‘i‘a%ma’ as 0 de
of no socoount, and the traverse was not balansed.

Next, a line of levels were run from Station 11,
using traverse cormers as benches with a few amoniont
benches at other peoints.

Most of the features and all contours were rum in
by transit and stadia. With the instrument over seme station
and orisntated and the telescope level the rod was sighted

setting over a desired point. The station, asimuth, stadis
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@istance, objest, and in mme cases the level rod reading
were recorded. Asimuth angles were taken as measured eclook-
wise from the south. Contours were takem at 1 ft, intervals.
With height of instrument mown a rod reading was computed
which would plsce the foot of the rod on a desired comteur.
A band was placed sround the rod at this resding and the
rod moved up and down slope wntil this dand was eut by the
horizontal oross-hair. HNote headings given adbove were then
entered under. This located a point on the eontour and &
nwmber of such points at spparent tums, allowed the sontour
to de traced on the map.

Later levels were run to all well pipes and statie
water levels detamined. They were found to be almost exactly
the same. Klevations of pump room floor and of other odjects
having & dearing on the design were also taken.

The majority of results obtained are included on the
topegraphical map or in some part ef this Thesis. Notes taken
in the field include all data dut are held dy the Departiment
of Buildings and Grounds. In the writer's opinien the maps
msy be depended upon te the extent that any distance may de
scaled with an erroxr of not over § feet.



PRESENT CONDITION OF THE SUPPFLY SYSTHM.

The College is now using, as has slways been the
case, & ground wyter source eof supply, seeuring it from coal
measure sani-stones. The present wells are five in number
dut only twe are heeked up to supply water to the system.

" One of these is pumped by & deap well pump and the other dy
air-1lift. At the present rate of consumption the deep-well
pump 1is adle to supply the College if no abnormsl demsnds are
placed en 1it.

The deep-well pump is a two-eylinder reciprocating
1ift pump, which pumps directly into the mains. It is in geed
repalir having just deen overhauled and camn de classed as &
Teliable piece of machinery and a good one to retain in the
systeme. The well itself is & 10 inch being the laxgest well
and capable of supplying more water than amy well in the system.
This well and pump are located back of the Physics Building
Seversl hunired foet remote from the other four wells.

The remaining four wells are located in the region
otthohoiiorroc-. Mmmkmncuudoutotum
of approximately 80 ft. The oldest of these wells was driven
in 1880 and has bdeen m-pdl, until recently, Wy a centrifugal
deep wall pump. This egquipment has been Jjunked and nothing
remains but the well and well-house. The remaining three wells
were sunk in shout 1900, Two of them have been hooked up with
air 1ift punps while the other has hever been in use. One
of the air lifts oan be made to disscharge thru a pressure pump



to the system but the ether discharges te the sewer ani has
bdeen used only for mt Purposes.

Pumping equipment from the sir-lift to mains
consists of a Puplex rﬁimcsﬁm stesm pump located in the
basement of the power house. Arrangement of this pump
dotween well and mains is to be condemned. A man is required
on duty at all times that the pump is used for if it pumps
faster than the well supplys it it pumps vecumm, and if
slower ths pump roem is flooded.

Storage and pressure regulation is obdtained from
an elevated tank 155.5 £%. high haring a capacity of 80,000
gallons.

Gonrcuud air is furnished to the air-lift dy a
Burg 14‘ x 14" single stage horisontal capresser driven by &
sinelo cynna.or 12" x 18" vertical stesm engine. Due te slow
speed and yibraticn of tfu engine and poor qu.‘.l.iti&: of the
compressor this equipment is practically worthless and makes
it impreactical to pump water with it.

Two means are provided for swpplying fire demand.
One is to turn on the City of Esst Lansing, and the other to
puap from & eistern sonnected to the river. The former is
troublesome and costly and the latter is apt to be more
injurious than & fire for it pollutes the mains.

Briefly, the enly real supply equipment the ocollege
now has is the one reciprocating deep well pump and & 80,000
gallon elevated storage and pressure regulating tank. ‘.l‘hit § T
This neans that so long a8 the reciprocating pump operates
continuously and there are no abnormal demanis thst the College
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csn furnish its om water but in the face of any break down
or uwnusual demands it will be entirely dependent on outside

soureces.
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At the start of this problem it was known that some
storage must be provided. It is a fact established dy good
prastiocs that storage must be provided to absord pesk loads,
$0 aid in purifying the water, to allow closing down of the

-wall puaps for short periods, and to supply sdnormal demands
without the use of expensive standdy oqﬁimt which might
not be needed for long periocds of time. Because all water
has to be pumped and there slrealy was an elevated tower for
pressure regulation, it was also estadblighed that the reservoir
nust get on the ground, or wnder ground if possidble to keep
the water ¢o00l and more sanitary. 7The problem then in
seleeting a reservoir was to decide on type and size to be
used,

Twe types of reservoir oould de used, steel and
roinforood.‘cmroto. Points in regard to eseh used in meking
the selection are as follows:

Steel Circular Reservoir.

1. Cost approximately $4000 pex £00,000 gallon cspasity.
(kosording to ar estimate from Chicago Bridge &
‘Iron Works).

2. Maintenance cost high.

8. Life camparatively short.

s Shape af reservoir affords very little séttling space.

S. Tank is high and 30 means & large 1ift from the wells,
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higher pumping eosts, and an intermediate pwmp
if air-1ift equipment is used.

Inflexible. If the tank is ocleansd there san be no
storage in the meantime.

Used dut 1little in similar systems.

Affords but slight protéection against heat and celd.
Co te Reservoir.

Cost approximately $10,000 per 200,000 gallens.
(According to s rough estimate received from Christmaa
Coepany ).

Maintenansce cost low.

Life canparatively long.

Bectangular shape provides very liberal settling area.

Height can be made to set low leaving & low head against
the well pumps.

A flexible unit allowing one section to be shut dowmn

" while another is olesned.

Used almost exsclusively 4in good praectice.

Protects water from extreme temperatures.

A study of these faocts showed the conscrete tank to

De more expensive but etherwise far more desirable. It was
deocided that a more serviceable and in the end shesper tank
cauld de duilt frap eoncrete.
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acity an sions.

Data effecting required cspacity was found to be
ss follows:

Largest fire demand necessary to design for = 5-250 gal.
Standard fire streams = 850 gal. per minute.

Maximum possidle rate of pumping = 830 gal. per minute.
Maximum duration to be expssted of any fire = § hours.

By sssming & £00,000 gallon storage reservoir
designed to never ocontsin less than 1§0,000 gallons, it wes
possible to solve.for the minimum and maximum duration of fire
it would be sufficient for.

Maxinum duration = 100,000 £80 minutes = 4 hours and
: 1,280 - 850

10 minutes.
Maximun dursation = £ x 4 hrs. 10 min. = 8 hrs. £0 min.

These figures show a eapacity ef 200,000 gallon to bde satisfastory.

Dimensions.

It was found that two temks each 10' x 20' x 75°
inside built on & common fomdation slab offered s flexible
arrangement for wgter cirsulation, gave room for piping, 4id
not make the resisting head sgainst the well pumps too great,
and provided the necessary eapscity. Ten feet of depth allows
for an extrs foot at the top in which to put distributing pipes.
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WELL PUMPING EQUIPMENT.

3mall consideration was given to any type of
pumps other than sir-lifts. Other types were considered dut
as the odds were heavily in favor of air-lifts, only the
reasons for picking them will be given.

l. More water can be secured from 2 well YW air-lift
pumps than by sny other nown means, making &
valuable fire system.
8. The over-all efficiency is good.
8. The College already has some air-lift egmipment on
hand.
;. There are no moving parts amd hence & minimum of upkeep
st the well.
S. The wells c¢an all de operated from the power house
' sinply by twrning a valve.
_6.. Mex already engaged in the power plant can operate the
system.
7. The wnit is flexible allowing a new well to de installed
' with & mininm of expense and without effecting
the rest of the system.
8, A1l machinery is under cever with operators present
~ whenever it is used.
9. The first cost is not abnormally high.
10. Low installation cost.
1l. Air-1ifts are decoming & favored type of pump.
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12, The City of Lansing has used all types of well pumps and
now is using air-lifts.

Boosters.

~ The use of air-1ift pumps drought up the questions
of getting water to the reservoir sinse air must he separated
from water defore it gets far from the well, or troudle will
arise in the form of a partial separation and dack pressure.
Two common methods of doing this were considered,
' Pirst, air separators setting high enough to cause
gravity ﬂéw to the reserveoir.
| Sqcond, Boosters set underground and maintaining a
pressure to force water into the reservoir. Quotatiens shewed
that the boosters would cost sbout $100 more per well then
air-geparators but this being a small item in eomparison with
total ecost and there being many peints in favor of bdoosters,
the decision was made to use them.
The reasons for doing this are as follows:
1, Everything is under ground which eliminates freesing.
"~ troubles and wnsightly piping.
2. The efficiency compares favorably with othexr n&tho“.
S ﬁ’ol to resexrvoir can be made smaller.
;. The pressure in the booster can de varried te suit the
| pnrtionlar requirenents of any well.
k. Details of the piping system are simplified.
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MISCELLANEOUS BQUIPMENT.

For convenience of the operators and the detterment
of the system twe additienal pieces of apparatus are suggested.
One is & £ indh pipe lealing fram the Teservoir into the |
powerhouse and ecomnected with a static head recorder, This
will give at a glance the amount o¢f water in the reservoir.

The other is a recording veaturi-meter to de set on the

discharge line from pressure puUApS.
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DESIGH OF RESERVOIR.

The plan of the réservoir had been settled as two
tanks on & common dase (separated by & partition wall) eseh,
10 ft. deep x 20 feel wide x 75 ft, long, depth of water to de
? 2%, ,

Hool and Johnsen's concrete deaign formulses and
eenstonts have been used throughout with conservative values
of £, and f£5 to insure against eracking. Formulass and
nemenclature are to be found in either Hool and Johuagu’®, -
Volume I, or in their Consrete Engineers' Handdook, snd for
that reascn will net be given here. All design is for &

seotion 1 £8. in width.

1:8:; nix.
fa = 12,000
Lo = 500

n sl

Porce producing overtwining = 2. X 5%'4 X9 . p5ey 1bs.
Noment at dase of wall = 2527 x 9/5 = 7881 ft. lbs.

¢ -}@: -1@&:. . 10.8

Say 4 # 10} inches « D = 13"

-

8teel xatio » = ,0069.

Ag = pbAd = ,0069 x 18 x 10} = 0.87 sq. in.
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Use 8[;' m@ rods spaced 6 inshes on centers Ag = 6.88
Shear V = 8587
f R m" Zu 8246 1bs per 8qe in.

bjd 12 x 105 x 889
This is safe as 40 1s allowadle.

we V.o - ov.s.
< B0 J&  B.556 X 2 X 0.889 X 10,8

This is safe as 80 is allowable.

Moment & ft. up = 5"%!;“5 x : = 2240.

Ratio of ntqcl reqaired here to that at dottom =

B 0.5

lmt—étt.np._l..x._a.%&i.x_.!.xl-aao.

Ratio of ctu:_l. required here to that at dottom =

,’,5-5% . 0,087

Carry two thirds o rods up 5 £t., one third up 6 £t., anl
one sixth tp tep. Altheugh ecomputations show that this mush
steel is 1ot needed it is not advisadds te 40 away with more
because of danger of shrinksge cracks.

Fecessary length of imbedment = I -..%. -%_5& - 8
To be on the safe side run the wall steel a distance of § ft.
inte and slong the bage slad.



Roof

Designed as flat slab.

Span = 21 ft.

" 25 = 16,000
fo = —650
x -1

Assume 2t/¢ per ft. = 150f D

Live lcad per ft. = _50f \
w = 800¢

Me=1/emE =1/8x20x2 x£ «11,500 £t. 1bs.

a «)A1.500 _ 10,7
107.4  °

Say 4 = 11 inghes, D = 13%. Taper to any desired thickness
at edge. T
Taking conerete at 150 1bs. per ocubic ft. the assumed and
' actual weights check very clesely.
P = .00T7
s = ,0077 x 12 ¢ 11 = 1,02
Use 3/4® rount reds spaced 5 inches en centers As 1,06
) sge. in. per ft.
Y = 5/6 WL-= 5/8 x 200 x £ = 2688

Yot-= 2688 . g3.4  Satisfactory.
bja 12 x .84 x1l
et 2658 = 49.4 Satisfactory as

£20J8 2.856 x 12/6 x 0.874 x 11

8 bond stress of 80 is allowable.
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Bese Slab.

Several widths of base slad were considered before
the one given was chosen. It was picked decause it gave the
least variation in ltro.lol‘lnl henee the most wniform
requxired depth. For shear and mements sample computations
only will de given.

Conditions for Maximum Stresses.

Three econditions were taken as being the ones
which wuld bring out macimum stresses.

First, Live load on roof with one tank full.

Secend, Live lesd on roof with both tanks fall.

Third, Live load on roof with beth tanks empty.

Materials snd Stresses.

These values are conservative to insure against
erasking. .

Mix 1:&;
fo = 500
fs = 12,000
n =18

EBarth Pressures.

The reservoir wes designed as setting en top of the
ground although it is expected to eventually partly dury it.
This is on the safe side and provides for stresses before

burying.
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Com,ouraf'/on Of-,—]b&ve Forces

Roaf reaclions consu/erm; reof as a /£t slab conlinous over 3 Supporls

Ovuler reactions =Fwd = Z x200x2/5 = 16/2%* each —2 of hem = 3,22 4*
Inner reaction = Qwlf =1 x300x246-————————~ ——— = 5375
W7 of walls = /0 x 160™= /500% each - Bwalls — — — — — — — — — = 4,500
Wf-'cy‘founc/af'/on==4—5)‘/5'0——'——-—————————————-—:: 6,750
7olal wr- of coNcrédlgs —m et L S L = /9,849

Fad Fc = (6/2+ /500= 3,1 F e
Fg —-—-= 5375+/500= 6,875

W7 of walTer = 62.4 x20 x9 =l 232%

75/4147 momentls aboul /eff' end af oundation

Dist: 15 pt- app of res = 12842 x 22%y (4232233 _ 24 293
/9 699+ /4,232

Ex«:eqfr—zc,f)'( =26.294 -22. 5= 3,79%"'

Uni 7 Sw/Fressarc (Max $Mim) = _AE (/£ %9) = 3/4,50-5/ (/i 6;;73 = Lo%0 ¥ 3%7°

Lncrease P fr = -M—Tﬁo : — 15.5*/}‘7? ]‘rom which umt s/ressas /f/ a7 The
L]

Various seclions are as shown.

Horizon?al/ ferce of waler = 2.7 2 S DN 7§ e

Y 5 7 app. 15 7 < 3':4/;‘
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Dimensions.
The walls were considered as 1 ft. thiok to

sinplify computations although they sre 13 inches at the
bass and 10 at the top.

Ne t of Consrete.

Oonorete was taken at 150 per ou. ft. and the dase
slad eonsidered to be uniformly 1 ft. thick for design
purposes, This proved to bde reasonabdly near to eorrest.

Positive and Negative Moments.

A positive moment was taken as one which puts
compression in the top fibers and & negative moment as one
whieh puts compression in the bottom fibers.

D1 1.

M‘ 1.
Mp =1025 x1 x4 x15x1x#x2/8+150x% = +443.

lE-loogxsxl+51xzxix1.sa-'tm-snsxb-
150 x £ x 1 = 7378,
Mp (By forces to right).
- 699 x 22 x 11 +mx:azi~xu.svonz.sw-vm-
5112 x 20,5 = 160 x 28 x 11 - +4188.
(By forees to left).
=841 x 25 x 11.5 + 558 X 25 X & X 7.67 = 5112 x 21.5 -
68756 x % « 75681 -~ 160 x 25 x 11.5 + 4170.
Mc = 10,0868.
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Com/:uT‘aT:on Of Above Forces

b, Fe,ond Fo are as shown on diagram 1
All for-ces due 7o wafer are as shown on Jtagram T s Tk cvae/.vf;an Thal

both tanmks are +ull .
ToTal wl. on so0il = 19 8949 +2x /232 =42,3)2% (wilh ro ekcenlric. /)

UniT soi/ pressvre s %.53_12_* o 99-0*'/7_er~ sg. fI:




Mp « 1158
My = +98

Mg = -8721
Mg = 14,426

Shears.

Y, = «1033 + 150 = +88$
Vg = 8112 + 150 x 2 » 1025 x £ = +2387
V=~ l!%! X 22 + 180 x 82 + 11,252 + 5112 = ~1475
Vo = 4863
Y » 2698
V), = +200
Vg = =886
Vg = +302
‘ From Disgram 2.
Noments. -
l,-’i.O:lx*}-ISOxiuoaﬂa
Mp =940x2x]1 =768l -3l18 x4 ~160x2x1 --7857
My, (Bp forces to right).
-940:2!:11 -11;388110 - 7581 -811!!20.5 - 150
X 1l = +7483
(By forces to left)
= 940 x 25 X 11,5 = 6875 x % - 7561 - 5112 x 21.5 -
160 x 25 x 115 ~ 11,882 x 11 = +7476.
Mg = «» 11,457
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- -940 +150 = =790 |
73‘--.94.0:805].180300-*1533
VD » 940 x 28 + 11,232 + 3112 + 150 x B2 = -8.055
Vg = =772
From Disgram 3.
Moments.
Mp = 145
Mp = 097‘
Np = 11,784
Shears.
Tp = 291
Vg = +25630
Vp = =3890
Vg = =880

Maximun moments and shears at esch section - moments in ft. 1ds.
and shears in lbs.

Beotion at which stress ooeurs.

A B 8 c

Moments + 443 Lo o, 10,082
- | 7557 14,436

Shears ‘ 863 2680 202 4,865

- 790 2696 886 3,066

Moments at other sections correspond to the abdove.



mmt 5 ft, from partition wall .f.or forces on dugrn 1.
-ulxl'lxei-9265:17:&:5.67-150:17:
8% - 5112 x 15.5 = -7,890.

Mioment 2 ft. from partition wall.
« 841 xR0 x10 + 18 x LO X 4 X 6.67 -~ 3118 X 18.5 =~
150 x 20 x 10 = +1,400

The adove computations show that the moment is O

A distance of 23 ft. from the partition wall and that the
reds should be carried asdeut 1.5 ft. each way deyond this
point to meet any unforseen eonditioms.

Depth of Blab.
Section B.

¢ = B8 21006 Say 11"

-

Section G.

4. .13..7ﬂ§ = 13,95 8ay 14".
4 \

Section C.

‘.l-o-'-g—;“;.noﬁ Say 12".

Foxr advantages of wniformity the 14 inch depth with a total
depth of 163" will be used throughout.



 Steel
t Partition W

Try §/4" round rods spsced 5® on senters As = 0,88

P = As _2.9.9.... = ,00525
Pa 12 x 14
Tadle 3 of handdoock shows for p = 00825, k = 0,895 and
j = 0.901

K=pfs §= .00825 x 182,000 x .901 . 56.8

M = Xba® in 1bs.= X4® %, 1bs. = 56.8 x 14 x 14 = 11, 100 £t.1bs. =

My = 4 fo Jkbd® inch lbe. = & fe kd2 f£t. lbs.

= 4 X BOO X 0,901 X 0.295 x 14 x 14 = 13,100 £t. 1bs.
My = p £8 J42 £t, 1be. = ,00526 x 12,000 x 0.901 x 14 x 14 =
11,120 ft. lbs.

These results all show the resisting moment to be dl ightly higher
than the actual moment snd hense the arrangement of steel is
satiafectory. Make these rods extend 4 ft. each side of the
center or 8 ft. long.

At Oenter of Tank.

e = 40069 x 14 x 12 = 1.16
Use /4 inch round rods spaced 4 inches on centers.As = 1,32
Run these rods within 1 ft. of the partition wall and to the
outside of the foundation.

At Section A.

The moment at 4 is so muall that an arbitrary amount
of steel can de used, say # inch rods spaced 18 inches on
centers.



Inv!gtgggon for shear at worst section.

vo——5%808 . 59,6 108. per sq. inoh. - Sstisfactory
12 x ,889 x 14

Investigation for bond at worgt sagtion.

us

e, 863 - = 55 1bs. per sg. in.
2,556 x 3 x 0,889 x 14

Satisfactory.




PIPING.

The piping was simplified whemn information was

Teceived from two different seources that boosters would
work. According to the Sullivam Machinery Company's
Bulletin 71-E, the proper sise dooster to handle & discharge
of 150 gellons per minute, is 30 inches in dismeter and has
an outlet pipe 5" in Adismeter. A sustion line slready in
the ground, for the purpose of pumping raw river water for
Zire ume shortened piping design still more. 7This line is
80 large that it can be used without question. It seemed
padvisable to use check valves on the beosters and run all
wells into a common line increasing the sise of line as another
well was added.

Ares of 5 inch pipe = 19.685 sq. in.

‘w wg ® ®w . E0.265 sq. in.

*» ®0 ® * o 78,54 sg. in.

' "o avoid fuing soeveral sizes of pipe it seemed
desirsble to use 5 inch pipe to the point where the second
well joined and 8 inch frem there to the reservoir where the
fourth well joined. Inside the reservoir 10 insh. This gives
8 greater insrease in ares in every oase than the sddition of
flow from s well oalls for.
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WELL PUMPS.

The only design needed for well pumps is the
elevation of footpieces. 8inee static water levels were
found to be practically the same in all wells the operating
levels were ressonadbly sssumed to de the l:.o. Height of
point of discharge was taken as a theoreticsal point whose
elewation is elevation of discharge pipe at rg_u;vﬂo'j.ohplns
frasctional losas in booster and pipe line. These 1ouu»
oauld not de cemputed bty hydraulics dbecsuse of the problem
in the dooster but from data reseived from the Sullivan
Machinery Company it seemeld safe to take it as 6 e,
Neoessary operating submergence was taken at B55%.

Klevation of discharge pipe at reservoir = 80-..6.00
Hesd loss = 5.00
Elevation of discharge point (Theoretieal) = 851.00
Elevation of static water level = 810.00 ft.
Drawdomn = 100.00
Opersting elevation « 710.00 f%.

851 « 710 = 141 f£%. = total 1ift = 404 of required length
of pipe. |

Length of pipe (Theoretical) = }—:—15 - 518

86l - &2 = 539 = required elovation of foot piece.
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The greatest hottom e¢levation recorded for any
well is .53? and as there is much silt in the bottom of the
wells it appears that this elevation of foot pieces will de
satisfactory for after the wells have been pumped & few
hours the silt will elean out and give ample clearance.
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