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This thesis has heen written primsrily tc bring up to
dste the enalysis and recommendations for extension of th
“est Lensing “eter Supply. An attemnt hes heen mede to
briefly summerize previous rsports on this subject, and to
recommend vith reesonsble considerstich, the pressnt and
future necds for expemsion of the water supply in this
fest growing residentiael cityr.

In the oest few years new msthods of enelysis of flow
in weter meins end circuits heve besn devslopsd, of whick
one of the more recent publications in 1936 by Hardy Cross,
Trcfessor of Ztructural "nginezrin: et the University of
Illinois, hes been of great value to tle author in this

enalycis.

@
4

Attenticn 1s called to tle fect thet tlhis treati
on the suhlect is mainly enelyticsl restlier then fsctvel.
The neczeszary fascts of enelycis ere ineluded, but tle mein
attention is dsvoted to the future needs of the veter
sunplye.

Zincers eoprecistion is ertended to Profss:or F. R.
Therouv, the Citv “n.ine=rin. TNeoertment of Tsst Lencing
and ©ll those wio s33ictzd in tte preseatsiion o7 tLis
thezis,

oo AR 1L, WIoTTm
TAST LANSIA®, MICHIGAR

June 1¢€41
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ALLIY3TS of FLCY
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Turing the ne»t thirty vesrs the Zest Lensing weter
supnly end distribution =ystem hLes bteen anelyzed, or
inveatigsied in psrt by tires other psrties. The first
occuring in 1¢1C when J. V. ¥necht and T. G. lfcilenns wrote,
"An Tnveatigetion of the eter <upnly of “ast Lancing,
l'ichigan."” The second tims in 1¢73 by L. 1. Tenloppen
entitled, "An Anelysis of “est Lensing's ater Sunply
System and Tecommzndstions for Znlergement.” The third
time in 1¢E£5, "Zest Isnzing's Tire "rotection,” written

8. H. iiiller enéd . H. Sleck.

Another aneglysis of the distribution system et tkis
time 1is seemingly eppropriete to the existing corditions.
Since tte last enelysis wss meds sixteen yeers egc meny
chenges hev:s teksn plece in the growth of the city, demand
for weter and the city's water supply hee slso incregsed
much in size. Cne important frctor thet hag teen lecking
in this neriod of time is the srowth of the distribution
systemn es will be pointed ouvt later,

The purpose ig to show the existing conditions of

the distribution system with regards to mexinum flow for
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dcmestic use end fire fighting fe~1lities. The repid growth
of the city has heevily tasxed the digtribtution srstem at
times of meximum use in mid-summer when a great deel of
weter 1s used for sprinkling lewns. lfany of the old two-
inoh mains ere still in use, and meny of the chengss thet
were recommsencded in 1¢2F ere not tc be found in tle syatem
ag yet.

This city 13 located in en sres where no reesonebly
clean surface wester supply, such e&s a large lske or non-
poliuted river 1s avsilahle. The only nreztical source
of supply thet wculd not require extensive treatment is
from deep wells, The first city water supply consisted

~
X

of & 6-inch bhored well 262 feet dezep thet wes constructed

some time before 1910 wien the city was still very smell.
* "The eity obtsins its supplr of water from & bored well,
6~inches in diemeter end 352 feet in depth. It is locsted

-

neasr tlie western end cf the city and &t the edg fa

D
o

mershy erce.," This location 1s row known ss the old punp
houcse loceted on tle northwsst corn=sr of t'.e Caentrsl
Recreaticonel Terk, neer the corner of #Hillerest and Cekhill
8treets., The eprca whicl wm: previou=lr ms=rslr hLes hzen
dreined and deYelop=d into & recrestional field in tl.e
egporoximate cente» of tle city. The eity has grcwn frcm

gbout €¢ZC poounlsation in 1210 to 5,83¢ in 1¢4C. The Tirst

*Trom thresis of J. 4. Zneeh:t and D, ¢, iloenne, 1¢10



weter wes drawn freom thet well on Cetobsr 2C, 1¢C¢ and
efter & few monthe service th: pump wez producirg en
eversge of 63,11 gellons per minute, DPistribution meins
served ¢0 houses, 6C of which were mstered in orded tc cut
dewn the emount of weaste e&nd to provide & becis for cherge
of service,

The opopulation predieticn of 1¢10 »roved Tsirl:
eccurete for the ity altlough thst wrediction &3 to tlre
college populetion was grertly in errcr. He geve the

ponrvletion of the citv &c 100 in 1900 end £¢RO in 1¢10,

d

D

end from ris curve of th

oocpuletion he\predicted tle
following: * "This would zive en estimetel pooulastion of
geventezn rundred in 191€E., /e have every resazon to
helieve thet the college attendance 4111 not inerecese much
over 2,000 and gt this figure it will probebly remain
almost oconstant.™ The population of tle ecity was very
rear seventeen hunfred in 1¢18, but as we know ths college
attendenze hed grown to 6,68C hy 1¢4C. Considesring tle
sahort veriod of time for which records were kzpt previous
to 1910, the predictions of ¥ne-ht end lic¥enna wsrs very
relisble.

2efore 108245 the ecitv's suonpgly was incrsassd hy the

cp at the old

o

constriction of 8 1Z2-inch well 430 fezt 4

ptmping steticn nesr the corner ¢f Hillerest end Cekhill

*P"rom theois of J. J. ¥Xneaht end F. J. leienna, 1610



Streets. The povoulation of ths city in 1¢27 wa= ghout
2,50C and at trat time 1t wes predictsd ‘o rise to 7,000
by 194C and 10,CCO hy 195,

'ater drawn from this depth is very 1litely to be
undesircable to tie user bscsuse of ksrdness. In order
to enahle the wvater to reach the well if prohably trevels
through & broad ares of squifier thet has its outorop
many miles awaqy. In this lcng underground travsl of the
water it will probably pick vp & very heavy lcad of
mineral metter which will meks 1t herd, corrosive, or
uvtndesirearlie in otler wsn-a, "ret it orne of the difficulties
fcund in Tast Ien=sing, &and ss fer heck e&s 1¢23 tlLs lime-
soda msthod of coftening was discusred ss a pos=ibility
for tre imnrcvenent end expencion of tle city wster supply.

Atout 1n tle yeer 1¢24 enother new wsll wes drilled
on trhe east sid: of the city on Orchsrd Strest. That
locetion is now known &< the Zest Trestment Plant., This
well wss 12-inch diameter, arouvt 46C feet decn, snd cacable
of an outout of Z£85C g8llans oer minute,

The next end probably the most necded step in the
develorment of the water supwnly wes tsZen in the spring
of 1¢33 when the peopnle of the city voted in favor of the
construction of 8 wester softening esnd iroyd removal plant.
At sbout the same time ancther 2R2-inch well wes drilled
on the intersection of Crehard and :ecch 3treets, which is

about 40C feet north of the trestment plsnt. The plant is
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eculed with five eylindricsl softening tanks, each seven
feet in diameter and eleven fe:zt high. Easgh tank contsins
2CC cublec feet of green-send zeolite cepsble of removing
2,6C0 greine of herdness per cibic foot, or a totsl of
560,000 greins herdness removed per tenk hetwzen receneret-
ion periods. The »lant wes bvilt with two iron removal
tanks of the ssme size bnt one of tlhese tanks hes bezn
changed to a softening tank so now it has only one iron
removal tank and six softening tenks. A 1CC,0C0 gellon
elevated storace tanz is e pert of the plant.

In 1929 another new well of 1Z-inch diameter and

approximately 400 feet in depth was drilled nesr tles west

i

end of ths oity on Saginaw Street. The ‘est "reetment
Plsnt was constructed on this property end started regsulsar
operetion on Januery 3, 1940. This plant i8 eqguiped with
thres softening tenks, one iron removel tank and & 2C0,CCC
gellon elevated storsie tasnk locsted ghout 1,4CC f:=t nort:
of the plent.

Trhe first two wells loceted on tre Centrel Recreetion
Perk and used for come time, were discontinued from service
over ten years g o hut tle exset time of discontinvation
i3 not ‘znown,

"he city wetsr summly 1s indzpenisnt of the college
suoply excent for o two-way metered evehnsnze tox trset 1is

very seldom used. iny tine tlet t-e city weter cupply is

interrunted it esn ¢+e woter from tie colle:e esupply, OT
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the eityr could help svpply the colle=ae in cese their suovply
is interrupted. . henever weter is exchen: ed in either
dircceticon it 1is metered end ceid frr by tle reciever et =
service rete. Cwine to tie fect tlat the citr hLas thres
wells with tvo treetment plents and the ccllegs has meny
wells, eshout the only wey tiat either supply could be
interrunted for eny evncrecieble lentth of time wonuld be
hy ocomplste disruption of elsctric power. The college
owns &nd operstes its own power plant end the city obteins
its power from e different source so it would be nreecticelly

impossible to have both suppliec diesrupted st tle seme time,
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"re dsta en® information reanired in order to errry
out & complete snelrsis o“ a water system of such s size
ag this probebly reouires more sssumptions tlien tlhe use
of motusl da*te. Thersfore femilierity with the system
and rszoleckirg of da*te sre of great importence to the
obteining of reliesble results.

ioaps of tlhe system must be aveilable with the sizes
end length of 811l mains ;iven. It would he edvissble to
make a trecing of the system end then ascsemble the recuirea
data as to size, lengtk and coefficient of resistancs
directly on this trscing in order to compact tie main date
in & convenient form for computstions. The coefficient of
resistence is determined by the gize, length and rougkness

£

of the pipe, end is solely dependent on these factors,
Records of the outout of the plent over & pericd of

twd or three years should be evaileble and thoroughly
studied as sn essistance in determining the probhable
meximum nesds of the city. To this meximum nced for
domestic use an sdiitional emount of flow must be ndded
to provide for fire figwtinz use. An enalysis of tle
distrihrution system is cerried out to determine wether
the system 1is c¢epable of taking cere of & —aximua flow
without unneces- sry loss of head in distrinhution to the
desirsd point. “herefore we snslyze with maxirum flow.

A fair sssumption fcr meximum domestie uss might be teken



et three times the avers.e us:c, and &s wiil be seen leter
this as~umption was found to be very nsar correct in our
work.

The metrod of enelysis used was first dsveloned by
Hardy Cross, Frofessor of Strueturel Zn:iinesring at the
University of I1linois, end wes pudblished by him in 1936.
Since that time there have becn many veriations of this
method, but investigetion of these relstes hack to the
besic princinles set up bty Cross.

To summerize, The method consists of assembling ttre
deta on the dia-rams ¢f the system in convenient form;
assuming any flow distribution tiroughout the entire
svstem; ecslculetion of flov corrections Aue 1o erronous
assunnti-ns; epslicetion ¢f thzse computed corresetions
anl repeating the procsdurs until the heed los~, by any
vath of travel hetwe=n two points, is halanced.

"he Kezen-J7illiams formule “or lcsg of h=zsd in wipes
is expressed ss h = r(?. In this ecustion h is the

head loss, r 1is the coefficlent of resistance, ¢ 1is
the cmantity of water flowing in the pipe end n 1is o

constant depending on fectors of rouvghines:z of the vpipe.
In determining tre value of r ancount must he mede of

the roughness of tie pipe, which is srestly dependent upon

the length of time tist the pipe kes been in serviss. Thus

in ohteining r we must revert tack to sncther coefficiert

C which glves the rouginess In sredes. Values of C run



from 140 for extremely smooth vipe down to 60 for old pipe
that is very rough. One of the most common values for cast
iron pipe that has heen in use for some yesrs is 100. Then
the coefficient r for any size and length of pipe ocan be
computed from Table 1.

TABLZ 1. Velues of r for 1007 ft of pipe bssecd on Hazen-

7illiams formuls.

d=in. ¢ =90 e¢= 100 ¢ = 110 ¢ = 120 ¢ = 130 ¢ = 140

4 240 246 206 176 181 138

6 47.1 34.1 2846 24.3 £l.0 18.7
8 11,1 8.4 7.0 6.0 .2 4,6
10 27 2.8 2.3 2.0 1.7 1.5
12 1.6 1.2 1.0 ¢.85 0.74 C.65
14 C.72 C.EE 0.46 0.39 C.34 0.3C
16 0.38 0.29 C.24 0.21 C.1l8 .18
18 C.21 0.16 C.13 0.11 0.10 0.C9
20 0.13 0.10 0.08 0.C7 0.06 C.0%
24 0.022 0.04 C.03 0.032 C.02 C.C2
30 0.017 C.013 0.C1l1 0.0C9 0.008 C.C07

""he flow corrsction is calculated bty dividing the error
in the head los® in each circuit by 1.655r¢0+8% for that
cirouit. The error in the head loss 1s determined &s follows :
First calcﬁlate the losz of heed due to the assumed flows
wnich ere clockwise in direction. UNext, celculate the loss

of head due to as~umed FTlows whioch ars countereclockwise,
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The arithmetic difference of these totals gives the error in
head 1oss. The value of EErQO°85 is computed for the entire
oircuit being studied and the dummetion is mede without
reference to sign.”

A typicel problem will greatly aid in explanatdon of
the process used although there are some necessary chrhanges
in sny actual prcbhlem. Tigure 1 skows a simplified layout
of a distribution system giving size, length end coefficients
r as well es tre amount of water drmwn at ea~h point.

Velues of tle 0.85 powers of numbers from C to ¢¢ are
given in Table 2.

Figures 2, 3 end 4 sliow the successive corrections for
the circuits of the example sihowm in Pigure 1. It will be
notsd thet thers are threse flcw figures on pipges commom to
two eirouits. Tziis is cauced by ths use of corrected flows
of one circuit for computeticn of tiie correetion in adjscent
circuits.

"The srrows pleced gt the right of the celoulaetions
end vointing from the smeller to the lercser veluess of thre
head 1loss, Y%, indicate the dirdction of the flow correctim
in egch circuit. The flow acorrection 1s adcded to or
subtracted from the sscumed flow dsoendins upon wether its
direction is the same or ownocsite to thet of the escumed
flow. The corrected flow is tlhen plscsd on a nev diezren
end ths procsdure is renzated until the heed loss, for

clockwicse end counter-cloewice flow, 1s bslenced within s&ny



desired 1limit of error.

It 1is rarely neces-ary in water

problems to apply more than three corrections.”

TARLE 8, Values of the 0.,8% power of numbers.
N O 1 2 3 4 5 6 Vi 8
0O © 1.0 1.8 2.5 3.2 3.9 4.5 F.2 E.C
10 7.1 7.7 8.3 8.9 "¢, 10.0 1C.6 11.1 11.6
20 12,8 13.3 13,8 14.4 14.9 1F.4 15,9 16.4 16.9
30 18.0 18.F 19.0 1¢.5 20.0 £0.5 21.0C 21.5 22,0
40 23.0 £3.4 23.9 £4.3 24.5 82E.3 25,8 £5.3 £6.8
EQO 27.8 28.2 28.7 £¢<.1 £9.6 20, /O 30.5 31l.0 Zl.4
60 32.4 3L.9 5505 55.8 . 54.2 3407 3501 3506 36.(‘
70 37.0 27.4 37.9 28.3 38,7 3¢.1 3%.6 40.0 4C.5
80 41.5 42.0 42.4 42.8 43,2 42,7 44,1 44,5 45,0
90 45.8 46,3 45,7 47.1 47.6 4¢.0 48.4 4E.8 49,2
TIGURZ 1. Sketoh of pine layout,
100 p=1lcr  § 10" 10 gn 7
r: 5.6 1102 34.1
! 8" 4"
2 2
16. 492
10" g
%1 4 6"
iy 37 eB e 1
34 .1 10
8" 6" 8"
2 } 2 ] 2 )
B 16.6 8 15.6 10 1.6 40

11
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Tiret correction.
5 10 i
62,7 47,7 11
65.6
26 2
28.; 8 4
£5.
10 5
12’5
£ 1C
13
15.7
2k
FE.3 ST £7
2¢,.4 4¢3 24,3
[
10 40

nderlined figurse show cssumed flow distribution with

corrected figures below,.

11.2
1£.8
16.8

16,8

Sorrect £

~r
“Ln

4

M

CC.BE

o)
-
($) ]

lav]
—
L]

]

\

o7

1}

Mein

.C,&F
r\C.i.
1E8 x

e X

tay)
-3
-3

Do
[
Do
1N

Sircuit

h

(W]
AV}
S}
k)
)]

47510

10560 -
- —— T .68

1.5 x 2124
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74,1 x B8.,F = 282 w ¢ = 1¢¢=
4¢2 x 1.6 £8F x 2 177C 3765
16.8 x 17.4 2¢2 x 28.7 8340
22,1 X FE.¢ 2C1l x 8 1”510 1CCrC
16CC 62558
= 2.1C
Corrsct 2.1 1.66 x 1300
Cross pipe
Beb X 3446 = 188 x 62.7 =118CC
33,6 X 7.1 2328 x 10 2380 14180 \
11.2 x 21.7 242 x 27.3 807C
16.8 x 1%.2 322 x 32.3 104CC 1¢947C
¢ol p2<0
Correct £.9 1.65 x <91 £.68
™INURE 3. Second correction.
1CO 5 lf "
65.6 47,7 11
64.9 47.0 10.7
6E.4 26.7 4
£6.0 37
£6.9] &
34,4 12.¢ 63
35.1 13.4
3416 5 1c
18.7
1.0
29.4
3C.1 34,3 24.3
2C.6 35.0 : £R,0
[
5] 8 10 40
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5.6 x 24.9 =
11.2 x 25.7
16.8 x 16.7%
16.8 x 1C.4

11.2 x 2C.2
16.8 x 17.7
16.8 x 2C.2
16.8 x 1F.1

Cerrect C.7

16,8 x 1E.9

5401 X 4.6

forrect €.3

22.6 @ 8.©
1102 X L\o()

PE4 ¥ 24.3

¥ain Circuit

“<

125 x 6E.6 = 12800

Z71EO\

2¢9 x 47,7 14Z2C

274 x 26.7 721C
178 x 1E.7 2740
235 % 24.4 7790

298 v £¢.4 6720
1184C

(o)
=
o
@]

34340

Side Circuit

261C

=072
1.82 x 2C70 ¢

0
W]
(3o
(@]

(3o}
(@]

262w 11 = 28¢0
1E78 x 4 €300
267 x 25 6CEQ
187 x 6 940
£eoe

Crcs3 Tine

104 v 64.9 = 126C0C

|~ |
(SN K]
D | D
S

L]
™
o
,
r
D
tap)
(@2}
[ab]

£0¢ x 17.¢ ZECC 15160y
231 » Zr.1 £1cs

204 x 3C.1 €1r¢_ 178E0
Cec 125G

1oL 00
® S

14
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v "after the cirovits ers belsace” to within an slloweble
error the loss of he:cd in feet betwesn snr two points mey be
celculets? by multiplying the sum of ths h values hetween
the points by (0.01 x total *lcw in gallons per winute)leEE

divided hr 170,CCC

h - . s
135000 ¥ (sslions per mlnuteol°£“
\}V’ A

This eavation mekes 1t 8 reletively simple mstter to
construet a prescure contour mep of the system.”

The shove statement could not he verified in comsutstion.

The finel corvected vaslues shicwn in Tigure 4 ers comouted
in terms of percentsge of Flow with 10C%5 entering ot one
point and the percent of totel flow in any pipe 1is shown by

he final corrected value. TFrom the known vslue of geallons
per minute es totel flow, esch requirsd psrcentege c&n be
restated in terms of gelions ner minunte flowing end the loss
in hesd computed betwesn sny two points in tle ecircuit.

* mmultiple sources of suoply &nd elevated storuge msy
elso be included in the study by this method.

Trhe cirecuits mey be cslculated in eny order desired and
any Girection of flow mey be assumed. If tlie later is in
ervor the oounter belsneing flow or flow correction will
correct it., The flow correction will &lso eliminate
eccldentel error in calculation provided they &re not

persistently made., = 7 ' ’ ,

*J., J. Dolend, Simplified inelysis of Tlow in Jeter

Distributign Systems., Tng. Tews Zecord Vol., 117



PIGURE 4. Solution.

16

100 5 10 7
65.4 47,0 10,7
2643 ST
34.6 12.4 F&'\
5 10
15.0
2946 28,0
5 8 lg 40
Main @hrouit
r (0.8 5 0.85 n
5.6 x 24.¢ = 1¢6 x = 126C0
11.2 x 256.3 294 x 1485C
16.8 x 16.1 27C x 7100
16.8 x 10.C 168 x __ RF2C 36270
11.2 x 20, 228 x 7850
.16.8 x 17.8 £9¢ x 6850
16,8 x 20.B 344 x 12050
16.8 x 1£.4 ZEB x 6460  ZFERC "
20CE" _lO?O = 0.27
llo Coerection l.u5 x 2087
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Side Cirouit

34,1 x 7,5 = 256 x 10.7 =  274C

492 x 3.C 1475 ¥ 3.7 6450 8190 ,
16.8 x16.1 270 X 26.2 7100
34.1 x 4,8 164 x 6.3 1C30 8130
2185 . 60
- —— = (.015
Yo Correction 1.88 x 2165
Cross Tipe
B.6 x 34.S 2 196 x 65.4 = 128C0
33.6 x 9.1 306 x 13.4 4100 169CC
11.2 x 20.3 228 x 34.6 7850
16.86 x 17,8 2SS x 29.6 £880__ 16710
10:8 190
. * = e = ColO
Ilo Correction 1.85 x 1C2¢%

It 1s cuite important that the totel essumed inflow &nd
outflow at aﬁy Junction be balenced. Ilinor losses of head
Lheve been negleoted in tle solution pr=sented.”

The fcllowing computation indicetes the change teken
place whzn the flow 1s chenged from percent to actual flow
in gallons per minute or cubic fest per second.

Assume the 10C percent flow eaquals 1,00C sellons per
minute, Then for simnlicity the other indicateld percents
multiplied hy 10 becomz flows In gellons per minute; The
head at the entrancs ecusls FO pounds per scuare irch,

“hat 1s the hes? loss and the n-easure at tlhe exit where
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4C gellons _er minute is ta'zen off ¢t the fer corner of the
cirouit?

The followirg method of epproasch wes used in finding
the ectual loss o8 heed in fezt for tie circuit. Theémount:
of flow in gellons per minute were chienged over to cutie
feet per sedond. Then knowing the guentity of flow end the
g8ize of tke pipe, the loss ucr thousand feet of length could
be determined from the, "?riction Loss of Head" diagren,

Tigure 132 on pe.e 266, Hydrsulices by Schoder end Tawson.

tfein Circuit - Clockwiss

¢(gpm) o(efs) Diem. k/1000ft L feet R

654 1.45 1o" 3.0 20CC 6.0
470 1.08 10" 1.6 400 6.4
2563 .58 8" 1.5 2Cc0 3.0
150 o33 8" 0.6 £00C 1.2 16.6

Counter-cloaolwise

246 17 1m0 0.9 4cCce 5.6
2¢6 «66 6" g.1 2CC0 4.2
360 .78 3" 2.6 200C E.6
280 Fo g" 1.5 20CC 5o 0 156.2

Side Circuit - Clockwise
107 24 6" 1.4 10C0 1.4
27 «08 4" 1.5 2000 2e6 4,0



Covgter-clockwice
263 .F8 g" 1.5 20C0 3.0
63 .14 6" 0.5 1CCO 0.5 3.5

Zross Pipe - Clockwise
654 1.45 10" 3.0 2CC0 6.0
134 « 30 g Ceb 4CCO 2.0  &.C

Jounter-clockwise

246 77 " C.9 4CCC 3e 6
2¢6 66 g" 2.1 2000 4.z 7.5

Yow the head on the outlet in the samnle problem cen be
ccmputed,
Heed st entrsnce - - - - - £0 1bs./ scusre inch

Tt. clockwise

)
W
t

[}

[}

|

|
—
(03]
L]
(e

Yead losz in f

- - - -16.2 ft. counter-cloecizwise

- - - - 16.4 ft. - saverezs

2.21 ft hesd = 1 »ound
Yeed loss in oounds - - - %§%3 = 7.1 1bs./ cquare inech
nead at outlet - - - - - - 42.9 1bs./ square inen

A2 will be noted & “iscerenasncy of 0.4 ft. could he
»08sible in errors caused by drcping off part of decimals in
computation end in re=sdinz tables, =0 the average of tre two
is vsed.

In trying to find & simplzr method of computing the
ectual hzad 1+s= the suthor noted thet the retio that slould

exist betwezn the ccmnevetive value of h anid the entue
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“

velues ¢l I, 1f investi, sted, ccovld be ccuverted to & sirpls
oroncrtion in ti.e form of s corestent fisvrs. T"his world
eliminete #ll computeticons of « &nd ~onversions in
comnuting the sotnal resd loas,.

The following t=hle of computetione proves this fect by

estanlishing tret provortion.

h (comneretive) h (esctuel} _E_ngjgsret}ye)
h (setuel)

17£00 5.C 2130
138F0 6.4 2160
7100 3.0 £350
220 1.2 | 2160
7650 3e6 210
8650 4.2 2110
12050 5.6 2150
6460 3.0 £160
2740 1.4 196C
F4EQ 246 2100
71CC 3.0 2260
1020 0.E 2060
12600 5.0 2130
41C0 2.0 2050
7860 546 2160
6650 4.2 2110
- o

A e,
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These figures mostly lie a 1little above 210C end the
average wes found to be 214C. Now this value of 2140 ocen
be used with comparative asccuracy te find the actuval hesad
loss in any singlé pipe or cirocuit, without any reference
to the size or quantity of Tlow. This constant will chenge
with each problem worked, but the constent for any problem

cen be determined with only & small emount of computation.
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DATA

The most useful dste of valus in computation would be
the dete on the maximim use of water in each block in tle
city. Such data would give definite values as to the
amount of weter used in eny section and the totel use.

In 193¢ the city wster supnly depertment made a survey
0f théir records to determine the number of families, in
each of three sections of the city, thet used & specified
emount of wester over a three month period. Table Z gives
these vealues in consecutive order renging from O to 10,00C
gellons for the first intervel end goes up to 1C0,CC00 gellons
for the lest intervel, end lisis the number of families
using within the range of eech intereal, Two of the thres
sections are elso divided into two parts.

Table 4 gives the most important pumping dete for the
year of 140, The totel montkly amount of water metered
from ths plant to the distribution meins is of importance
in determining the months of the year when the plants ere
opereting et a miximum rate.

Another importent factor 1s the present end future
expected populetion of the city. In an expanding city an
allowance must be made in design for development of the
water supply system. The city of Tast Lansing will
probebly develope to more than doutle its present population

within the rext twenty or thirty yeesrs for many reasons.



TA3LZ 3.

Gallons
of water
used oer
Connection
(thousgnd)

0 - 16

[$3]
O
1

40

768 - 100

Cver 100

Fumber ¢f families vsing weter an@ the nunber

0f gallons used per connection over a three

month period.

1

-3
(&) ]

175

70

21

10

2 -

Tumbe

64

179

District
1 2 -2

3 -1

r of Connections

49

1C4

10

10

10

W

62

17

City

Totel

252

82

43

17

ny

€



TABLT 4., Detes on Zast Mregatmsnt Plent - 194C
Talen from rscords of the “est Iensing Iatzr

Supply Degertment.

Volumes in gellonc

Punped Metered Average Averesg=e
into from deily deily
treatment trecstment into from

lfonth nlent plant rlant nlent
Jenuary 3,31C,000 2,811,00C 107,000 ¢1,CCC
Rerhvary 7,4CC,C00 6,000,000 2EE,CCC 217,000
l'ereh 4,3C0,CCO 3,660,000 17¢,0C0 118,04 C
April 4,540,000 Z,880,0CC 121,000 128,CC0
YVey 7,180,CC0 6,100,C0C £21,C00 ¢ ,CoC
June 8,13C,CCC 6,250,000 272,000 £282,000
July 17,670,CC0C 1%,820,C00 EC=, 000 430,0CC
Auguct 12,350,000 1C,B81C,000 3¢9, cCc 239,CC0
September 7,$80,C0C 6,750,CCC 26F,CC0C 21z, CCo
Cztoher 1c,coe,coe 5,2CC,CCC J22,CC0 274,CC0
Tovemher 11,C¢C,CUC C,43C,CL0 56¢,0CC 214,000

7,670,00C  2¢6,C0C 204,000

tJ
&
Q
M
=
o’
(]
3
[1o]
-
l’\’\
o)
D
-
D
D
(&)



TARLE 4. (continued)

Dets on Weat

Pumped

into
treatment

Month plant
Janvary 1,420,000
Tebruery 11,260,CCO
Merch 13,0CC,CCC
April 13,47C,0CC
May 11,2¢0,0C0
June 9,920,000
July 12,820,000
August 13,800,000

September 11,76C,CCO

October  12,70C,CC0
Yovember 11,7¢0,000
December 11,16C,000

Trestnment

Volume in

letered
from
treatment

plant

14,024,000

Plant - 3940

Gellons

Average
deily
into
plant

496,000

C 288,000

11,821,CCO 42C,0CC

12,12€,00C  449,00C
10,161,000  364,C0C

9,078,000 223,CC0
11,665,000 414,000
12,656,000 445,000
10,693,000 282,000
11,576,000 410,700

9,263,000 293,000
10,154,000 360,000

Average
daily
from

plant

£3,00C

253,000

&62,0C0

4C3,CCC0

328,000

3c2,000

376,000

408, 0C0

386,000

373,000

307,000

327,000



TARLZ 4. (continued)

motal Treatment Data on Plants -~ 1940

Volume in Celdons

Tumped Metered Average Average

into from daily daily

treetment treatment into from

Yonth plant plant plent plant
January 18,730,000 16,835,000 60£,CCC £44,000
February 16,660,000 16,525,000 643,CC0 £70,CC0
March 17,300,000 1E,481,CCC 58¢,CC0 £10,0C0
April 18,01C,CCO 1E&,878,CCO 6C0,0CC £31,000
May 16,470,0C0 16,861,000 565,000 525,0C0
June 18,170,000 16,028,000 605,000 534,000
July 28,490,00C 24,986,CC00 $19,0C0 806,000
Avgust 26,160,00C £3,066,07C7 6&44,0C0 743,00C
September 19,710,000 17,453,000 677,CCO £Gl,CC0
October re,7cc,cee 20,076,000 733,000 647,000
November 22,880,000 18,693,CCO 762,C0C 621,CC0
Decemher 20,42C0,CC0 18,024,CCC 6£8,007 581,000
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Facst lensing 1s lcceted in sn sreca where it has many

factors of growth effecting it. Ilidchigen State College

borders the city slong tke south limits, and is only thres
miles from Lansing where the state capitol =snd steste

offices ere located. Tre citr ic elso asided in 1its growth
b the fect thet no industries ere sllowsd to operats here,
thus mekin. tre ciyy e ctrictly uncommercielizsd, resident-

igl oitr. Mhere is still greset room for evpansion of the

city es it 1s now tzcoming & high clezs residentiel aree.
tle four mein freo

Thssz are nrchehrly

growth of fi:

(&

eit:.

mATLT F.  Pepulstion Teta of “ezt lensing, *iexizsn.
Veer U. S. Cencuc Michien Totel
of Stete Touletion
Tast Iencing Collzge
1E¢<C ? ? ?
190C *1C0 463 ?
1¢1C YEEC 1,174 ?
1¢20 1,C8¢ 1,411 Z 4, 3GC
1¢50 4,306 Z.211 740CC
194C B8 5,050 15,808
* Unconfirmzd redord teken Trom tlecis of J. 7. Ynecht end



fall
0

he growtl of Teet Tensing e heen cuits unususl to
other cities in tliet it iz only eb>ont forty yzers old, end
e ocpuleticn &% tle end of
tlhe dezcades wis3s weyry over 10C perecznt of tis wozuleticn ot
‘2z beiinnin: ¢f tle dee=des Ve heve reazon to beslieve

et tle city will continue to _row at tlis rate for zcme

time to ecme. ™az sxpsetad populetion of the ity in 1¢70

will be sbout 1C,7CC. Mrin figure mey he found to he very

8]

small 1f tle colleze continues tc grow et its sresent rete
elthicugh it 1is expected thet the college populstion will
drop next ryesr in effeet of te rresent selective sesrviee
lsw, and the pcseibilities of this ccuntry entering into

the Turopcean war may elso effect the college growth. The

ke

collzge populetion incres=sed only & few hundred in the dsceds
from 1¢1C to 1¢2C, and will prchably reeat this procedure
during the nsxt ten y=ers. Then botz the city end ccocllege
will grow at gbout the same rete ss they have dons in tle

pest.
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SCIPUTATICED

The preliminasry computsetions with ascumptions for tke
englysls of flow in the distribution system dc not include
very much work. The only necescsry information to tbe
determined is tle maxdmum output of the treatment nlent,
end the approximete amount of dater drewn off et ecach
outlet,

The ceprcities of the two treatment plants in the city
are not known exectly for eny neriod of time &nd vary
greatly with any change in effkcisney. ™:e new plant on tle
west side of tle city hss only one well and 1s cepsable of
an output of E£E80,0C0 gallons pner day. This is equsal tc
402 gallons per minute.

The trestment plant on the eest side of the eity has
two wells, but does not have enough softening tanks to
operate on full caspacity of both pumps. Therefore when
it is necescsary to operste both punps, one of both of them
are partially shut down to pnreévent over-run of the soften-
ing tank cepecities. This plant onerates on an automatic
time cycle so if the pumping is to great the softening
capacity of tie tanks mey be over-run hefore the regenerat-
ion cycle is complete. 7Then the plent 18 opersting et its
normal rate of FO minute time eycle the plant 1s capsble
of an output of €66 gallons vner minute. In case of a
great emergency the two oumps could be put into maximum

overstion and by-pvess the treatment plant. Under this



31
condition tre pumps could precduce 1,00C gallons ver minute,
but it would be highly undesiresble to by-pess the treatment
process under any condition. The maximum combined capecity
of the two »nlants 1s tlien esteblishedl et 1,268 gellons per
minute.

™rom the dete of use of water in 1¢3¢ shoin on neze
23 1t could cesily be supooszd by inscveection of the figures
that the values in tle firest five renge intervals would
reoresent the ussge of water in private homes. The fiext
two intervals weculd rapresent the use in large rooming
houses, fretemity houses and sorority houses, and the
last intzrval represents the lsrpsct users such ac the
ansriments end rzstsurante.

urcs, to determine tle

(@]
@
(U]
H
[N

It is decirous, from ti
sverage esmount of weter uee” vwer zonnection in eech of the
three clesses of size.

Aversge use in houses,

AT 1,000 x ———
e + 2ER+ 82+ 37

¢
6,500 + 2,870 + 1,608
A= 1,000 x — -

y418

)

23,18C
Az 1,000 x —
1,418

16,720 £21lons per connecticn pesr three months

= ™

S
it

In computeticn the avera:ec use ner connection was

rgised un to 20,00C gellons per thre:s months,



™M
hav)

20,000
—— = 222 gellons per dey per connection
9C deys

222
1440

= 0,166 gallons per minute per connection

Averesge use in rocming houses, fraternity houses end
gorority housss.

43 x (50 7B) 17 x (72 10C)

2 Bl 2
A= 1,000 x
42 + 17
2,687 +1,4€E8
Az 1,000 x
50
4,175
A= 1,000 x

60

A= 6¢,E80 gellins per connection per three months
In computaetion the avers:-¢ use per connection wss
used as 7C,0CC gallons per three montis,

70,CCO

ga—aggs m 777 gellons per day per connection

777

=~ 0.E4 gellons per minute per connection
144C

There are twenty five estetlishments using over
1C0,CC0 gallons per three month period. The use in these
places runs anywhere from 100,00 up to 1,00C,CC gallons
in the threz months with the averaze probadly neerer the
lower bracket. ILet us sscume that tle everage use for these

would be about 25C,0CC gallons vper three months.



2FC,0CC
— = 2,780 gallons per day per connection
€0 days

2,780

1,44C

= 1.3 gallons per minute per connecticn

Hillerest villegze uses over 1,0C0,CCC zellons per

three month period.

1,000,000 :

—— = 11,1C0 gellons per day
90 dsys

11,100

——— Z 7.8 gellons per minute
1,44C

At this time the city meps were consulted to determine
the number of houses drawing weater from esch of 124 outlets
tentatively evenly distributed throughout the city. Trom
these figures a much more accurate distributiogéguld be
assumed than by arbitrary distribution and flow assumption
of the outlets., Combination of sets of these outlets are
shown &n Tigure 7 es they were leter combined into 21 outlets
rencing in size from 0,5 percent to 5.0 percent of the total
flow, and two outlets of 22.0 nercent and 2F.E percent at
the two hydrants down-town where it is sssumed this emount
is required for fighting fire.

In order to compute such a probtlem we must assume the
domestic vse is et a maximum, snd tlet &z lLave a fire

reging that mey necd 4 to o6 rLoee lines to comnbet or to

11}

m i

[0}

control such fire. 7Thiea the distrihution syst

overeting under the worst possible condition of heevy flow.
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At pesk use of watsr in tre lster pert of Jvly end tlus
first psrt of August in 1¢40 the treatment plants were
‘overating et & peck cepacity with the Vest Plant runring
as much &s 24 hours & day, and the Z“est Plant had one pump
running 24 hours e dey wkile the other oump wes in oneration
from 4 to 8 hourcs on those dars.

The WJest Tlant cen suwrnly 4C2 g21lons per minute and .=
hes a storsge capecity of 20C,C00 gallons. Ths Zsgst DPlant
can supply 866 gellons per minute and hsg en eleveted
storage tank of 1CC,000 gellons cepnacity. Then we cen
ascume that the peelkr load in mid-summer of 194C wes 1,268
gellons per minute, 1In order to fight & Aisestrous fire
at tliat time the water us&d in fighting the fire would have
to,come from the storage tanks. If we were to dspend on
four fire streams at 2E0 gellons per minute, or six fire
streams ot 16E gallons per minute we would be drewing at
a rete of 1,000 gallons per minute for fire flow. This
ceeems to bhe & reacsornsble emount to expect for fire fight-
ing. The tcatal demend would then be £,258& gallons per

minute which is the hasis for 1007 flow in t.e meins.

TATLZ 6. Various percents of total flow stlated iIn gellons

per minnte

Percent Gallons per minute
100 = = = = = = = = = 2,268
B = == == = = = = 1,134



(continued)

TA3LT 6.

[ o]
v

7 m = = = == = = - = 1

6 - - - -~ - - - - 135

£C4

567
£QC
cen

- - = e = = = = = - 340

— em = e em = = = em e

FO = = == == = == = 661

20 = = = = = = = - - - 454
§ m == = = = = = = 161

1 = = = = = = == = =
Ceb = = = = = = - = =

B = = = m = = - - - =
10 m = = = = = = = = -

22
1%



The procedure of the vrohlem was to make a2 ccmplete
series of corrections oveyf%e entire system from the ascumed
flows. TrLese correcticns were made on the dravirgs, end
then snother comnete series of correcti-ns wes made from
the results of tie first correcticn. After the second
correction it wss noted thst the mein clrenits in tre
system were in error more than tlhe side brenches and
smaller lines. The only wey to correct thiis is by speciel
comoutation gnd transfer from one treatment plent circuit
to the other trestment plent circuit. The fhird correction
wes made on only portions of the distribution system. Tive
difTerent reths of flow were tszen from each vnlant to ths
locetion of the sseumed fire, and corrections were made in
only those circuits necesssry. The fourth corrsction was
made on only these ten peths of flow. ™he rzsults of tlie
fourth zorrection are used as final recults of thke problem.
It is true that another comslete correction series over
the entire system would msle some changes, but enother
cerrection would prohe»ly be =0 small tliat tzere would bs
only & 1little chisnte in the resulte of tlz fourth series
of eorrections., These results ars accuretz snough to

shiow tre needs of the city.
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