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View of the Softening Plant
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Tanks 1,2,&3




Tanks 4 & 5




Tanks 6 & 7



Raw #Jater Line to Tanks 4,5,& 7
and return lines from 4,5,6,8 7



DESCRIPTION OF PLANT

The prinoipal reaason for making this survey was to in-
vestigate the piping causing the degeneration of the zeo-
1ite sand in the softening tanks and how it could be reme-
died. First, a description of the plunt and how 1t oper-
atea‘will be given.

The objects of the plant are to rcduce hardness, to
reuove iron, and to reniove fres curbton cioxide, T:ie plantg,
whioch is fully cutomatic, 18 loncated Letiscn the pucp and
the distribution systen as a precsure pl:nt. all cperations
are sutomatiec, or at least a majcr portion of them. A4n
operater i8 not required at the plant except for inspec-
tions.

Supposedly 80% of the water 1s scitened by pacsing
it through five cutomatic eylindrical zcolite softening
units and throuzh one that is marually operated., Lsach
tark 18 seven fect in Clameter and eleven fecet high and
oontains 200 ou.ft. of zeolite sand (Zeo-Tur in the 5
automatic tanks and Zeo-Karb in the munuslly operated
tank) at a depth of £,19 feet. The ccrnd is supported by
12 incR®%s of gravel which covers = strainsr system., Both

the hirdness and the iron are removed in these uaits.
The raw wefer from the well contains betaeen 18 &

20 grains of harcness per gallon. The Zeo=Dur in the five
eutomatie tanks will remove 2800 greins of hardness per

cubio foot of sand which determines the amount of water



that ocan be treated before the scnd has to be regenerated,
The hardness of the water is czused by calcium and magnes-
ium beocarbonates and sulfates,

The zevlite used in removing this hardness is a pro-
cessed groensand buse zeolite which has the property of
exohanging its sodium for the caleium &nd magnesium of
the hardness producing ecompounds in the wator., The re-~
sulting sodium compounds do not cause lLardness., The sod-
ium zeolite compound is indicated as I'u. Z. The softening
reactions are shown in these equations:

NeoZ ¢ Ca(H005)2 z CeZ & 2ialCO;
NagZ + CafOy = CaZ e NagSO,
NaoZ » Kg(HCOS)a = KgZ « 2lalCog
FagZ + LgSCy = MgZ e Kagso,

Tho zeolite 1= regenerated by passing a so€ium chloride

brine throuzh the sand bed.
CaZ + 20aCl = NayZ » CaCl,
MgZ & 20aCl = NapZ & KeCly

Tho ¢alecium znd maguesium zcolites are changed back
to sodium zeolites and are ready to soften water aguin.

Tho other 205 of the water is pasced through tank No.
7, enother manuslly operated tank. This tank hus 100 ocu,
ft. of a manganese zeolite in 1t whioch removes iron, but
not hardness., The flow from this tank an@ the flow from
the six other tanks are mixed, giving a water with 80% eof

the hardness removed and all the iron compounds removed.



The principal iteu of expense in the operation of this
plant is the sodium chloride ( teble salt ). It costs ap-
proximately 2 cents per 1000 gallons of water. The salt is
used in regenerating tne zeolite sand. Iilecently the sand in
the fivo automatic tanks has lost its softoning power which
requirea more salt for the more frequent rogenerations,

Aloco the sund, which is exponsive, lasted only 60% of
its guarantoed life. The Permutit Co. of llew York, N.Y. is

now ready to replace the worn sand.
CAUSE OF S.3/D FaILURE

The reason for tho sand losing its softoning power was
. that there was unequal distribution to tis five automatie
units., Consequently, the unegual distridution over:worked
some of the sand and 414 not 7ork th= full capacity of the
rest. The softeaing, wvashing, drining, and rinsing are
controlled by an electrically driven multiport valva., The
valve is eontrolled by a timing devies which 18 set at a
6yole as desired. But the oycles are sgual for esch of the
five automatic tanks (tanks are numbered 1,2,3,4,5, on the
diagrams). Lowever, the piping to the tanks is such that
there is unequal flow, At the pumping rate required by

the water demand, some of the tanks were overwcrked and
weakened whlle tiis othors were bdcing rezenerated bafore

it wus necessary. Thias was the reason for miking s survey

of the piping system., The rates were found to be:



Taunk Ko. G.T.h.
leweeae= 101,5
2ewwme-= 103,5
3-----;- 105.5

Brmemmm—= 1170

Pomememee $2,0

LEJLCD OF DETEREINING PELZINT RATES

All the pipes in the plant were reasured and lccated,
u drawirg showinz the layout is in the tack cover of this
book. Table I has all the pipes and fittings listed for
each of the seven routes to the ceven tzrke,

The puipose of Tavle I is to tulniste the coefficients
of the head losses through the pipes, fittings, and tanks
in terms of VE./2g. V" is the velocity ir a 3 im. pipe.
The coefficient equals t% in the forrula L.=f L/D V&/2g.
T equale coefficlent of friction, L ecuels length of pipe
in inches or feet, D oqunl; divp.eter of pipe i1n inches or

in fee%, and hf equ2la head in feel. The f's were taken

from figure ll4-"Flow of water in pires", Evdraulics,

Schoeder and Dawson, p.198, using "foirly emooth pire” at
a velocity of 5 ft./ sec. The follouing £'s were used:
8"a-£=,022, 6"d-f=,003, 5"d-f=,024, 4"3-f= .C26, 3"4-£3,028.



TABLE I
COEZFFICILNTS FOR HzAD LOLSLS

v 2
IN TLRMS CF 3"
S——

g

( Tank Koe. 1 )

. 2
humber: Item : Amount : Y 3n/ 2g
l . 8"x 8"x 6" 90 Eend . 1 . .02
2 o+ 8"x 3"x 8" Tee . 1 . «50
3 .« 3" 90 Degree Bend . 1l . «50
4 . 3" Pipe e 3 e Z", « 36
5 ., 3"x 2 1/2"1 3" Tee . 1l . 1.50
6 o+ 3" Pipa . 4" . 04
7 « 3" Gate Valve . 1 . .05
8 . 3" Pipe . s .04
9 .« 3" lultiport Valve . 1 . 5.00
10 , 3" Pipe « 6' - 8", 73
11 , 3" 90 Degree Bend . 1 . «50
12 ¢ O% Pip. . 1l' -« 10", « 20
13 . 2"x 3" Orifice Plate. 1 . 5.08
l1¢ ., 3" Pip‘ e 1' - 10", « R0
18 ., 3" 90 Legree Bend . 1l . 50
l6 . 3" Fipe . 4" . 04
17 . Softening Tank . 1l . 3.99
ls8 , 3" Pip’ . 6" ° .04
19 ., 3"x 2 1/2"x 3" Tee . 1 . 1,50
20 [ 3" Pip. [ 1' - 6" [ ] 017
21 . Multiport Valve . 1l o 5.00
22 o 3" Pipe . 8" . 04
23 + 3" 90 Degree Bend . 2 . 1.00
24 ., 5" Pipe . gn . .08
28 o+ 3" 90 Degree Bend ° 1l ) «50
£6 « 3" Pip‘ . 7' =« 0" . «80
27 , 3"x 4"x 3" Tee . 1 . .19
28 , 4" Pipe . B' = 2", .59
29 .« 4"x 5"x 4" Tee . 1l . 39
30 PY 5" Pipe . 2% - 2" ) 002
31 , 4"x 8"x 5" Tee . 1 . o16
32 o 6" Gate Valve ° 1 . 01
33 o+ 6"x 8"x 4" Tee . 1 . .01



( Tank ko, 2 )

Nuniber, Item « nmount \'4 g"/ <8
® P 0
l . 8"x 8" 6" 90 Bend . 1 . .02
2 ., 8"x 3"x 8" Tee . 1 . «03
3 . 8" Pipﬁ . 5' = 4" . 001
4 ° 8"x 6"x 3" Tee . 1 . «92
5 . 3" Pip’ « 3' - 0" , 04
6 . 3" 90 Legree Bend . 1 . «50
7 o 3" Pipe . 4" . .04
8 o« 3" Gate Valve . 1 . «05
9 . S Pipe . 4" . «04
10 + 3™ lultiport Valve . 1l . 5.00
11 . 3" Pipe « 8 = 8", 73
12 ., 3". 90 Legree Lend . 1 . «50
13 ., 3" Pipe ¢« 1' - 10", « 20
14 . 2"x 3" Orifice Plate ., 1l . 5.05
156 , 3" Pip. ¢« 1' = 10", « 20
lé + 3" 90 Legree bend . 1 . 90
17 . 3" Pipe . 4" . «C4
18 . Softening Tank . 1l o 3.99
l9 ., 3" Pipe . en ° .04
20 o 3"x 2 1/2"x 3" Tee ° 1l ® 1.50
2l . 3" Pip. v 1' = 6" 17
22 o antiport Valve . l . $.00
23 «+ 3" Pipe . 6" . .04
24 . 3" 90 Degree Bend . 2 . 1,00
25 , 3" Pipe . 9" ) .08
28 o 3"x 4"x 3" Tee . 1 . 1.16
27 . 4" Pip. o 5 =« 2", 259
28 . 4"x 4"x 5" Tee ® 1l . 39
29 ° 5" Pip. e« ' = 2", .02
30 o+ 4"x 5"x 8" Tee . l o «16
31 ., 6" Gate Valve . 1 . .01
32 ¢« 6"X 8"x 4" Tee ) 1l . .01
( Tank lios 3 )
1 . 8" 8"x 6" 90 Bend ., 1 . .02
2 . 8" 3"x 8" Tce . 1 . .03
3 o 8" Pip. e« D' = 4" , 01
4 , 8"x 6"x 3" Tee . 1l . «03
5 ., 8" Pip. . 12" . .0l
6 ., 6"x 3"x €" Tee . 1l . o0
? . 3" Pipe e 1' = 4", 14
8 . 3" 90 Degree Lend . 1 . «50
9 . 3" Pipe ¢« 3" = 3", «36
10 o 3" 90 Degree Bend . 1l . «50



Number. Item o Amount ., v gn/ 2g
[ 9 (]
[ [} [
11 . 3" Pip. e« O' - 6" , 39
12 . 3" Gate Valve . 1l . «05
13 » o7 Pipe . 4" ° - «04
14 . 3" MNultiport Valve . 1 o 5.00
15 | 5“ Pipe . 6' - 8" e 073
16 ., 3" 90 Degree Eend « 1 . «50
17 [} 3" Pipe . 1' - 10"0 .20
18 , 2"x 3" Orifice Plate ., 1 o $5.05
19 , 3" Pipe « 1% - 10", 20
20 , 3" 90 Degrece Bend . 1 1l «50
21 , 3" Pipe . 4" N «04
22 , Softening Tank . 1 o 3.99
23 .+ 3" Pipe . 6" . «04
24 , 3"x 2 1/2"x 3" Tee 1l . 1,50
25 , 3" Pipe . 1' - ", .17
28 , Multiport Valve N 1l R 5,00
c? . 3" Pip. . 6" ° «04
28 + 3" 00 Degree Band . 2 . 1,00
28 o+ 3" Pipe . on ® 08
30 o+ 3" 90 Degree Bend . 1 o «50
31 «+ 3" Pipe . 6" . «04
38 o« 47™x 4"x 5" Tee . 1 . o
33 5" Pip' . 2' - 2" .02
34 . 4"x 6"x 5" Teeo o 1l . «16
28 o 6" Gate Valve . 1l . 01
36 ., 6"x 8"x 4" Tee . 1 . .01
( Tank No. 4 )

l . 8" 8"x 6" 90 Bend . 1 . .02
2 o, 8"x 3"x 8" Tee . 1 . «03
S . 8" Pip. o« S' - 4", «01
4 . 8"x 6"x 3" Tee . 1l . «03
5 . 6" Pip' . 1zn . .01
6 . 6" 3"x 6" Tee . 1 . .09
7 . 6" 45 Degree Bend . 1 . 02
8 .« 6" Pipe « 1' - 6", +01
9 .+ 6" 45 Degree Lend . 1 . .02
10 . 6" Pipe s 190 = O" , «07
1l , 4"x 4"x 6" Tee . 1 . 22
18 ® 4" Pipe Y 2' - 0" ') .06
13 . 4" 90 Degree DBend . 1 . 16
14 . 3"x 3"x 4" Tee . 1l . 66
1% . " Pip. ' . 6' = 0" «67
16 . 3" 90 Legree Bend . 1 . .52
17 . 3" Pipe « J3' - 4", d
18 . 3" 90 Degree Bend . 1 ) +50



Number. Iten o anount Vin/ 28
° ® 2
19 . 3" PipO . 4" ) 04
20 o 3" Gate Valve . 1 . «05
2l , 3" Pipe : . 5" . .04
28 . kultiport Vealve . 1l ® 500
23 , 3" Pipe . 6' - 8", .73
24 . 3" 00 degres EBend . 1l . «50
26 [ 3" Pipe [ 1' - 10". 020
26 . 2"x3" Orifice Plate . 1. 5.05
27 .+ 3" Pipe « 1' - 10", «20
28 , 3" 90 degree Bend ° ) § . «50
29 . 3" Pi{. . 4" . 04
30 . Softening Tank . 1l . S.99
31 . 3" Pipe . 6" . 04
32 .+ 3" x 23"x 3" Tee . 1 4 1.50
33 .+ 3" Pipe o« 1' = @" , 17
34 . Lultipors Valve . 1l . 5.00
S5 . 3" Pipe . 6" . .04
36 . 3" 90 Degree Bend . 2 . 1.00
37 + 3" Pipe . 9" . .08
S8 ., 3" 90 Degree Zend o 1l . +50
39 . 3" Pipe « 4' -1", 48
40 . 3"x 3"x 4" Tee . 1 . 1.16
‘1 [ 4" Pip. L 2' = 9" ] .08
42 . 4" 90 Degres 3end . 1l ° 16
43 ., 4" Pipe . 8" . .02
44¢ ., 4" 90 Degres DBend . 1 . «16
‘5 ] 4" Pip. . 17' - 6" ] 47
46 ., 4" 90 Degree 3end . 1l . 16
47 . 4" Pipe . 2V ao9m, .08
48 , 4" 90 Degres Dend . 1 . +16
49 . 4" Pipe . g .08
80 . 4"x 6"x S™ Tee . 1l . .09
51 . 6" Gate Valve . 1 . <01
52 ., 6"x 8"x 4" Tee . 1 . .01
( Tank NOQ [+) )
l1 . 8"x 8"x 6" 90 Bend . 1l . 02
2 + 8"x 3"x 8" Tee . 1 . .03
3 + 8" Pip. e 5' = 4", .01
4 o 8"x 6"x 3" Tee . 1 o «03
5 . 6" Pipe . z2n . <01
6 » 6"x 3"x 6" Tee ° 1l . .09
7 « 6" 485 Degree Bend o 1l o 02
8 . 6" Pip. . 1' - 6" , .01
9 . 6" 45 Degree Bend . 1l . .08
10 . 6" Pipe ¢ 19' « O™ , <07
11 , 4"x 4"x 6" Tee . 1 . .22



Number. Item . Amount ., vi./ 29
[ ] L N (]
[ ] [ ]
12 ., 4" Pipe ° 2'-0" «06
13 . 4" 90 legree Bend R 1 . °16
14 . 3"x 3"x 4" Tee . 1l . 66
15 , 3" 90 Degree Dend . 1l . «50
16 . 3" Pipe . Blegnm .36
17 . 3" 90 Degree Bend R 1l . «50
18 ., 3" Pipe . 4", .04
19 . 3" Gate Valve . 1l . .05
20 ° 3" Pipe ° gn P’ .0‘
2l . Mnltiport Valve . 1l . 5.00
22 ,+ 3" Pipe ° 6'=-8" «73
23 o 3" 90 Degree Dend . 1l . «50
84 [ 3" Pipe ® 1'-10" ° .20
a5 , 2"x 3" Orifioe Plate . l ° 5,05
bq3) o O Pipe * 1t=-10" . 920
27 .. 3" 90 Degree Bend . 1l . +» 50
28 , 3" Pipe v 4" . «04
e o Softening Tank . 1 ’ 3.99
S ., 3" Pipe . e" o 04
31 . 3"x 23"x 3" Tee ’ 1 . 1,50
S2 , 3" plipe v 1'-8" , 17
33 . Lkultiport Valve . 1 ’ 5,00
34 ™ 3" Pipe PY 8" P .04
36 .+ 3" 90 Degree Benmd . 2 . 1.00
S6 . 8" Pip‘ . gn" . .08
37 .+ 3" 90 Degeee Bend o 1 . » 50
S8 » 3" Pipe ° 1v-20" PY .20
39 + 3"x 3"x 4" Tee . 1l . 1.16
40 . 4" Pip’ » 2'-9" . 008
4 « 4" 90 Degrec Eend . l . «16
42 , 4" Pipe . " . .02
43 . 4" 90 Degree Eend » l . 16
44 ., 4" Pipe e 17'-8" 47
48 o+ 4" 90 Degree Eend . 1l . «16
48 ™ 4" Pipo . 2t'-9" I 08
47 . 4" 90 Degres Eend . 1l . .16
48 . 4" Pipe : . g" ) 02
49, « 4"x 6"x 5" Teeo . 1 N «09
50 . 8" Gate Valve . 1l . .01
51 . 6"x 8"x 4" Tee . 1l . 01



( T.rk No., 6 )
Number, Item o Amount . 4 %n / 2g
[ [] ]

1 1 ° 8"1 8"x 6" 90 Bend ° 1 * 005
2 . g" Gate Valve . l . 001
3 . 6" Pipe . 3"'6" Py 006
4 ., 6" 90 Degree Eenad . l . «03
8 + 6" to 4" Keduoer . ) § . 16
6 . 4" Pipe « 10'-7" , o 29
7 « 4" 90 DLegree EBend . 1l . 16
8 « 4" Pipe e 17t-0" , +46
9 . 4" 90 Degree Iend . 1 . 16

10 . 4" Pipe « T7'-6" 21
11 . 4" 0 Degree Eend . 1 . 016
12 . 4" Pipe . 4" . .01
13 . 4" MNultiport Valve . 1l . 5.00
14 . 4" Pipe . 7t-0" 19
18 . 4" 90 D.ye. Bend . 1l . 16
16 ° 4" Pip. . 3t-8" [ .10
17 . 4" 90 Degree EBend ® ) § . 16
18 . 4" Pipe . 6" . .01
19 . Softening Tank . 1l . 3.99
20 . 4" Pipe . g" . 01
21 + 4"x 4"x 4" Tee . l . «48
22 + 4" Pipe . 13" . 13
23 ., 4" Muitiport Valve . ) § . 8.00
24 . 3" Pipe . 7" » +08
25 . Fermutit Xeter . 1l .

26 ., 3" Pipe . 4" ) «03
27 o 3" 90 Degree Cend . 2 . 1.00
28 ., 3"x 3"x 4" Tee . 1l . 1.186
29 . 4" 90 Degree Eend . 1l . 16
30 [} 4" Pipe . 3"0' L] 008
31 « 4" 90 Degree Pend . 1 . o186
328 o 4" Pipe ° g" . .01
33 « 4" 90 Degres Eend . 1l . 16
34 . 4" Pip‘ ° 18"'8" ) 050
35 .« 4" 90 Degree Eend . 1l . 16
36 ., 4" Pipe o 3'«-0" ., 08
37 . 4" 90 Degree Eend . 1l o 186
38 o+ 4" Gate Valve . 1 . +03
39 . 4" Pipe . 12" . «03
40 .+ 4" 90 Degree Eend . 1l . 16
41 . 6"x 8"x 4" Tee . l ° e 3D



( Tank No. 7 )
Nuaber. Item . Amount . vV 2./ 2¢
(] [ X ]
. . 0

l ., 8"x 8"x 6" 90 Benad . ) § . 082
2 , 8"x 3"x 8" Tee . 1 . «03
3 + 8" Pipe . Ste-qn <01
4 . 8"x 6"x 3" Tee . 1 . «03
8 . 6" Pipe ® lan . +01
6 + 6T"x 3"x 6" Tee . 1 . 09
7 « 6" 45 Degree Send . 1 ° .02
8 o 6" Pip‘ L] l'-G" ] 001
9 . 6" 45 Legrec¢ Send . 1 ° .02
10 . 6" Pip' ¢ 19'=0" «07
11 . 4"x 4"x 6" Tee . 1 . e 22
12 . 4" Pipe . 2t=2" PY .06
13 . 4" 90 Degree Bend . 1 . 16
14 . 4" Pipe . 6" . 02
18 . 3"x 3"x 4" Tee . i . .82
16 c. 3" Pipe ° 4"'1" Y 045
1?7 « O" Gate valve . p . «05
13 « 3" 90 Degree tend R 1 . 50
19 . 3" Pipe . 3t'=3" . 0 36
20 o 3"x 23"x 3" Tee . 1 . 1,50
21l . 3" Pi{e ° 1t-2* 14
22 o 3" Mu tiport Valve . 1 . 5.00
23 ° 3" Pipe ] 6"'7" . .73
i o 3" 90 Degrec bend . 1 . «50
25 . 3" Pipe . 3'-10" , 42
26 . 3" 90 Degree Bend . 1. .50
27 . 3" Pipe . LI .05
28 .+ Irom Removal Tsnk . 1 . 2.64
< « O Pipe . c" . .04
TS0 .4 O"x 2‘&": 3" Tee . 1 o 1.50
3 .+ 3" Pipe . 1'=5" . 17
52 . 3" Multiper: Valve . 1. 5.00
33 ., 3" Pipe . e . .04
34 o+ 3" 90 Degree Lend . P . 1.00
5 . 37 Pipe I L L 14
36 o 3" 90 Degree Eend . 1 . «50
o7 ™ 3" Pipe e 4'-5" ° «50
8 o 37 90 Degree bend . 1l . +«50
39 .« 3"'x 3"x 4" Tee . 1l . l.16
40 + 4™ 90 Degree Eend . 1l o °16
41 . 4" Pipe o 3'=0™ . .08
42 . 4" 90 Degree Bend . 1l N «16
43 . 4" Plpe. . 6" ) «01
44 . 4" 90 Degree Dend . 1 ° «16
45 . 4" Pipe « l8'-8"" , «50
46 . 4™ 90 Degres Bend . 1 . .16
47 . 4" Pipe . St=0" ° +08
48 . 4" 90 Degree Bena . ) § . 16
49 ¢« 4" CGCate Valve . 1l . «03
$0 ., 4" Pipe . 12" . 03
8l . 4" 900 Legree Eend . 1l . .16
B8 . 6"x 8"x 4" Tleeo . 1l . 33



For the fittings, as elhoss, tees, reducers, and valves,
Table 1V-"lpeciacl Losses of Lead in Terns of V3/2g",ﬁ déraulies,
Schoeder and L.scon, p.213, wes ucsed. .11 7velocity lheads

were then coanverted to VEH/Zg by tanese conversion factors:

) o ‘: P 2
VE./26 = .02 V5u/2g Vin/2g = 0625 Vand2g
vE,/2¢ = 150 VE,/2 VZ.A2g = 516 V3./2¢

5n E . an 8 4" [ . 3«

The number of veloclty headc lost thru the tarks were

cornputed ac follows:
Loss of I'ead in Send

from Hazen's formula V=cd® h/1(0.70+0.30t)
V=velocity in meters per day

¢=1C00

d=cffective size of ssnd in tm.= 0.28uu.
t=tecperature in C - $OI" = 1CC
(-arproximately 1C0 C.?P...

A=08.5 BQe ft.

Ve /A=C,0C577 ft./scc.= 152,4 meters/cay
l=Et'-2"

b =Vx1/cd" (.7+.3t}= 2,71 ft. which varies

direclly as
Loss of Fead in Underdruinage

nozzles at €" centere

éizmeter of nozzle(opening)=s 1/8"



aTea served ty e.ch nozzle= 1/4 sq.f%,

take (=100 C,P.i.,

zach nozzle, {=(100/449x5(,5)x0.2020,00145 c.f.8.
V=i /i = .00L1453144/1/82x0,7:543 17 rt./scec.

TeC (2gh) T n=(17)2/.572x64,424.61

nozzle 1o58=(1-c-)h=3 (l=.97 )4.81= 0.59°

Loss 1in gravel and unéerdrainsge=0.23+,01= (,30"

which v.ries as o~
Lo3s in bntry to Tank

Flow oes from 3" pips to 4-1."pipes at 3D deg.
at a loss of 1 vf/zg
vi-;(z/l;)avav V2/zz= 2.07V3/2s
, 3"vel. hd. for (=100 T.t.l.. = 0,32!
¥or 100G.F.l,{1+2,07)0,32= (,98" (varies as %)
Totul loss tarough tank = 2,71 plus .30 plus ,93 = 3.93°
No# we have Lead losses in terns of veloclty heads
for 3" nipe for pipes, fittings, and tunks. Thase valocity
heads will be latar coaverted into ft.nd. lose as { 1s de-
ternined for euch route zs it is shown in Table III
To have the veloclity heads in Tavle I nean anything,
Tadle II was tabulated to show which itens curried water
to tunks 1,2,3,4,5,6,7, or tueir cornbizutions, The groups
of items wera lecttered and shown on the flov diagrai.

For each grouping tiie number of V%n/zg were added.



TAZLE 11

ROUTS SILECTIONS

Items o Dtk * 4 Conmon to . #out: on . Coef,
Tang Na; ny:
Tainzg Nag, - lanram of V% g

1 . 1 - 1,7,7,4,5,7 AB . .02

68.52

o
cr
o
3
i
P\
}
-
)
L)
Soad
.
()
Q
vl
S

2 0 1 . 1,2 R 0F » «59
23 trru 3 . 1 . 1,2, ., | 343 . «57
27 thru 7T . b . 1,2,3,4,5 . T . 02
2 trre T . 2 « 2,7,4,5,7 . o . «04
Lthre TE 2 . 2 . reo . 26.€9
L teru 50, 3 . Z2,2,5,7 . CF . .04
¢ tiru 31 . Z . ke . rCoVP s OT74C6
12 thru 14 . 4 . 4,° . IJ . 88
2 thru 11 . 4 . 2.7,7 . FY . 43
17 ihru 00 . 4 . ’ . JVN e ZSTW1S
L0 tiru £EC . 4 . 4,°% . T . 2456
12 tira 38 o Z . i . 3 . Z2C.2
1 Liru 2 . 6 . £ . FAME . 17.98
ST thru 4 . 5 . 5,7 . an . 3,02
i thra 8 ., 7 . 7 . I3 .« Z23.73
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The 3 in. valocity heads from Tetle II were sntered
in Tabls III opposite their corrsspondipg group. Rates
in G.¥.N. were assumed for each of the ceven tenks and the
resulting floais through the routes were notad. Now the vel-
oclity heads for the choosen ('s 2an be figured und multi-
plied by the numicr of those heais as swmed in Tuble II
to odbtain the lead losses in feet.

In the systecm the point of Yeclnnin_ was eu chosea to
be common to all seve. routes as wus tiie end point. The
heed losses in feet or 1lbs. through each route are egual,
However, the virious pipes and fittings for the diffsrent
routes mre co locited at the present a5 to require 4iff-
ercnt quantities of wuter through the seven routes to ob-
tain that equality of hesd loss. The purpose of Table III
is to ohvtain those rates. Trial KO0.l gave unequal losces
so trials nc.2 and no,J were takoen, Trial 1.3 gave approx-
imataly equal hecd losses with the followinz ratles;

Tank !0, Golleldla
B e --~1C1,5
A s [k
e L
feccecenmeea§0,0
Bemmceacaneed(,5
femwmm-manes117,0
Toccenanceaed2,0

The above unegual flows caused the present sand to



TASLE 111

PULFING 700 G.P.M.

Ukl PRuckihT CONDITIONS

TRIAL ;1
Tank No. . Route o Goi'elue ° Coefg . V§“/2g . FT.
« (Bee flow , . v2/2 . o HEAD
. diagram) . .o 353, ;
° ) ) ° K
[ L ] L] ° [
. AB . 590 . 02 o+ 11.08 . 0.22
o *BCO e 110 4 29,03 .+ 0.084 . 1,12
. 0) 2 . 220 . 059 o l.538 . 0,91
4 . FR o 330 . 057 o 3.456 1.:7
. §T . 500 . 02 7.925 0.18
. . . . . 14038
. Ab ° 530 . 02 ® 11.08 ® 0.22
. B . 480 . «04 . 7630 . 0.29
« *iLir . 110 o« 27.2v 0.384 o+ 10.43
Y . Ur ° £20 e 0059 ™ 1.536 . 0091
) lR [ ] 3,\')0 [ ] 0.57 3 30‘#56 [ 1097
. /{7 . 500 . 02 . 74920 . 0,16
. ° ° . . 13098
° Al . 5’80 ° .02.2 ° u.os Y 0022
. 3D . 480 . o0 o 730 . 0,29
. Le o 370 o 04 4,34 N C.17
< o TFGIH2 . 110 o 27.07 o C.384 . 10,58
° PI{ Y 3-50 e .b? ] 3.456 ° 1.97
. HT . ovd o 0 7.925 0,186
. . . . . IE.SQ
. Ps . 590 . 02 11.08 . 0.22
. 8D . 480 . V2 7.0 . 0.29
. LF o 370 . 0% . 4.34 . 0.17
. 1 . 260 . 0643 . 2415 ° 0.93
4 . IJ . 179 o 0.88 . 0.915 0.81
o FIHYG . 85 o 26445 . 0,231 . 6,12
. R . 170 . 2,50 . 0,915 . 2.54
o nT . 500 . 02 . 7925 o



Tank No. . Route . G.P.K. . Coef. . v§,/2¢ . ¥T.HD,
o ) KR [ 9 X
. AB ., 590 . .02. 11,08 . 0.22
. BD . 480 . 04 . 7.30 . 0.29
. oF . 370 . 04, 4,34 . 0.17
. FI . 280 . W43 ¢« 2,15 . 0,93
5 . 1J . 170 . 88 . 0,915 . 0,81
. *JLQ . 85 e 25,51 . 0.231 . .
. QR ¢« 170 . 2.56 «+  0.915 , 3.34
) KT . 500 . 02,  7.925 . 'é“
FX) 2 s ) )
[ ] L) [} [ ] [ ]
. ANS . 110 . 18.49 . 04384 . 7.10
6 . ST . 200 o 3.02, 1268 , _3,83
[ ] [ ] o ® [ ] ®
® & 9 [ ] @
. AB 4 590 o« 402 & 11,08 . 0.28
. ED . 480 . 04 4 7.30 o 0.29
[ ] DF ® 570 [ ) .04 [ ] 4.3‘ [ ) 0.1?
7 . ¥1 e 260 . 43 o 2.5 o 0.93
o *INS . 90 e 83,37 o «257 « 6,00
. ST o 200 . 3403, 1,268 . _3,83
[ ) L) L ] ® [} [ ]
N R N (] [] [ ]
’ ’ TRIAL NO. 8 )
[} ® * [ ] [ ]
] AB ® 585 [ ] 002 ® 10.98 [ ] 0028
« *BCP . 100 . 28.52 . o321, 9,15
) R OP o 205 o 059 o 1.35 . .80
[ ) PR * 310 [ ] 0.57 [ ] 5.09 [ ] 1.!6
. KT . 490 . .02 . 7.74 . 5
[ ] [ ] [ ] [ ] : [ 2. 8
[ X] <2 o ) °
® L ] [ ) [ ] [ ]
. AB . 585 . 02, 10,98 . 0.28
. BD . 485 . .04 . 7.52 « 0.30
e *DEO . 105 . 26.9Q . 353, 9.51
2 . OP o 206 o 0.59 o 1.35 . 0.80
. Pg e 310 o 0.57 o 3,09 « 1.76
. R . 490 . 02 .  7.74 ., o15
K ] (] [ (X ] (] ]
. iB . 585 . .02 . 10.98. 0.22
. BD . 485 . .04 . 7.52.  +30
. orF . 380 .04 . 4.62, .19
8 . FGHP* . 105 o 27.31 . .353, 9.63
. PR . 310 . W57 . 3,09 . 1,76
. KT . 490 . 02 7.74 . . .15



Tank No. . Boute . G.P.M. . Uoef. . V.,/2g . FT.HD,
@ [ @ [ ] o
® L] [ J [ ] : L J
. AB . 5898 . 02 , 10.98 . o.28
[ ] BD [ ] 485 [ ] 004 [ ) 7.52 [ ] .30
. r oo 380 o 04 , 4,62 . 19
4 . F1 « 275 43 . 2.42 ., 1.04
[ ] I: L ] 180 L J .88 [ 2 1004 ® .98
« *JKQ . 90 . 2067 259 o 6,91
. R e 180 . 2,56 , 1.04 . 2.686
[ RT [ ] 490 ® 002 [ ) ,.74 [ ) ] 5
[ ] @ [ ] L] (] Igoga
[} [ ] [} [ ] L ]
. AB . 585 02+ 10.98 . .28
. BD . 485 , 04 7.52 o« 30
[ ] DF o 380 [ ] 004 [ ) 4.62 [ ] 01’
. F1 e 275 43 2,42 ., 1l.04
5 ° H [ ] 180 ° .88 ® 1.04 [ J 092
. *JLG . 90 . 25,75 259 . 6,66
. R , 180 . 2.56 , 1.046 . 2.66
. RT « 490 .02 . 7.74 o+ 15
. A . . o J2.16
®  J [ ] [ ] ®
6 . %ANS e« 115 , 18,70, 425 . 7.94
. ST e« 210 . 3,03, 1.4 , 4.286
@ [ \d KJ [ X J IE;E
[ AB [ ] 585 L ] 002 [ ] 10.98 [ 2 o.zz
. BD . 485 .04 o 7.52 . «30
. DF « 380 ., .04 4,62 , .19
| 2 rl e« 275 .43 , 2.42 ,1.04
. ‘IM% . {5 e 23,55 , 1.289 . 6.80
. S e« 210 ., 3,02, 4l o 4.2
(] [J o X .9_‘__A__
TRIAL NO. 8
[ ] [ ] L] [} [
. AB . 582 02 , 10.86 . 0.22
« *BCO « 101 . 828,57 . 0326, 9,31
1 . oP « 204 . 59 . 1.33 .79
. Px s 309 67 , 3.06 « 1,75
. RT « 489 .02 7.85 , 215
[ ] 9 ] [ ] [ I 20_2_2_
. AB . 582 02 . 10,86 » 0,22
[ ] BD [ ] 481 [ ] .04 [ ] ,.43 ° .30
[} ‘DEO [ ] 103 [ 26.84 [} .3410 9.22
2 . OP . 204 . «59 1.33 79
. PR « 309 . 57 o 3.06 4« 1,75
. RT « 489 02 , 7.65 , 215
[ ] [ ] [ ] [ ] [ 2‘



TniAL NO.S (cont'd.)

Tank No. . Route . G.P.M. . Coef. . Vg"/Zg . FI.HD,
L] (] [ [ (]
. AB . 582 * 02 , 10.86 . 0.22
. BD ' 481 . 04 7e4d o +30
. DF . 378 . 04 4.58 . 18
3 . *PGHP . 108 o 27431 o 0003, 9.63
. PR . 309 . «S7 3406 o 1,75
ey RT . 489 ° G2 o 765 o «15
[ 9 L] o [ o &
° AB . 582 . «C2 . 10.86 . 0.22
Y BD . 481 ° 004 * 7043 . on)o
o DF . o778 . 04 o 4.958 . «18
4 . FI ° 273 . .45 . 2.09 o l 05
. 1J . 180 . <08 ye l.C4&0 0.92
. WJKQ . 80 ., 26467 . «259, 6,91
. &R o 180 . 2,56 1,04 . 2,06
o RT o 469 o 02 , 74065 o «15
> o . . . 2e9
. A8 ° 582 . 02 . 10.86 . 22
. BD . 481 . «04& 743 . «30
. nr o 378 o 04 ., 4,58 . .18
. FI . 273 . 43 . 2439 o 1.03
6 L ] IJ [ ] 180 [ ] .88 [ ] 1.04 (] .92
. FLQ ° 90 o &5.74 0259, 6.66
. Qg . 180 o 2¢00 o 1,04 . 2. 26
[ d R [ ] 489 L) 002 [ ) 7.65 [ ] 5
(] (J K] [) ° Ib:IE
6 . *ung . 11§ . 18,91 ., 1.445. 8.42
. S . 21 . 3,02 . 043 4,32
» e ° ° 2_Q
. AB . 562 o 02 o 10.86 22
. BD o 461 . 04 , 7.43 o «30
7 . DF . 378 . «04 , 4.58 18
A FIl . 273 N 043 o 2,39 . 1.03
o *IuS o 93 ¢ 23448 , 0278, 6.5
. S . 211 . 3402 &

1,43 . 4,32
_Yz.80
*= routes through tanks

Final rates through tanks 1 to 7 are 101.5 G.P.M.,
103.5 GePudis, 105¢5 CeP.liv, 9040 GeFolie, 90.5 G.P.M.,
117.0 G.P.l., & 92,0 G.P.k. respectively at a plakt
lose of 12,38ft, or §.35 lbs.



wear out before its u .rantee expired. The nex?{ section

will give the chznges io be made in the c=arnd.

CHANGAL I L.uIlD

The Permutit Co. will furnich new gravel for tenks
1,5,3,4,&5 consicting of a 12" leyer 1/€ tc 1/2 in. gravel .
4lzo to be supplied vy the Termutit Co. is €2 cu.ft. of
Zeo-Larb for each of the five units, The (iily of Zist Lanse
ing 1s to buy 7C cu.ft. of Zeon=Farb(l4 cu.ft. Tor cech of
the five tanks) at the price of 1275 .lizhk ineludes the
priee of 70 cu.fi, of wsand plus the Toci ht on T80 cu.ft,.
4t present there is Zeo-Karb (200 cu.fti.) 4r tan: n..% whieh
will be distributed to the five cuton-tic te:nks at 40 cu.ft.
rer tanl’. Zcch of the five taniis will tlizn have a total of
11€ cu., ft,. of Too-ilari.

The bect of the Zco=-Dur tiakxen froir the five torks
71ll be placed i tunk no.f (200 ca.ft.} Tznk po.7 will

£till have the l-o0 6u.ft, of mencaneze zeolite.

Tanl: I0e Vol. of Sand f of 3" vel.hd,
1 116 cu.ft. 2,08
2 [ ”
; ” ”
5 " ”
6 200 cu.rt. 3.9
Vi 100 cu.it, Z2a%4

iih these chenges, the plant c-poeity i1l te recter. The

nexrt section glves newv punpin; retes.
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g DI FIUS RLTHD POSLILLE

]

20 min, rinse; 10 min. wash; 10 rni triae; 10 min. clearance
equals 50 min, cycle.
5x050min. equals Z50 min., cycle for the 5 avtomatic units
5xll€c.f.x5000 = 2,900,000 graine
water at 20 gr. per gal.= 2,500,000/2¢C = 14£,000 gele. for
the 5 tenks
werh at €80 G.I'.i ox10 nin., = 2UCC gel./tenl
riree ut 115 G.I.l.x20rin, = £7CC gal./tsnk

5 x 4600 = 00,010 g£)l/f tonks

23,000 + 149,000 &8l . 660 GorM. 0 5 tonks

Tenk No. 6
200¢.f.Xx:600gr./c.fo= 56C,C0CT.
6560,000er./20gx./gal.® 2,000 culs,
28,000ya8is5. plus 46C0 gels.= TL,6(C gals,
32,600 gols./260 min.= 120 C.l.b.
Tank No. 7
Treats il% of prooessed water
(145,000/170,000)xlL20 » 860)= €20 G.F.i. sofisned by
6 tarks.
690 G.l,i./4= 172x5= G8E0 G.l.... processed sater
Total Pumping equals 860 G.F.., plus 1.0 G.F.M. equals 980 G.P.M.




RaTb FOR LLii(.

The plent now pumps at a rate of 6u0 G.Feu. at a loss
of 4.6 lbs, After the change im the sindé hes been made,a
1000 G.F.k. rate would be eccmomical, ¢(0 C.F.M. i all
that 18 necessuary at the precent, and 1200 C.P.k. could be
useG in the future us water consumpticn dercnds,

at the present the system should te recdcsiguec for
800 GeP.he &% a loss of 3 lbs. which would give a loss of
4,7 1lbs, for 1000 G.Fei.. and .6 lbs. ior 1ZCO G.P.il.

It 18 aesirud to have tanks 1 tLru { tc each tike
106 Geleive O u totul of 800 ald ke ircia-rcuoval tunk £7
1o tahe 160 G.P.L.. of 0% of the flow. ULic would i ive &
dosiratle water Laving & harduess of wicuyv 70 ppm sxpressed
a3 oculcium carbouate, Using t.cce flcuv, nssumlng Vhe sand
Lhaving veen repluced, the following Leuu loLies expiessed
in feet are obtaired for iho scven tinhs witlh the rre:cent

piping: (sce Tatle 1V)

Tenk Lo, Tie Kezd
lecoemmmccnc e 1o.C9
Qe e le.td
eemmm e 12,42
fmmmmme e _—————— 17446
Srmemenccnnna- -=17.19
D e 12,40

7------—-0---"--‘- Lb 'Y :O




PULPING 796 G.P,M.=-PR

TADLE 1V

halalin
dudbe diad ¥

T PIPES-IET SalD

(1) (2) (3) (4) 2(5) (6)
Tank No. « Route , G.P.X. . Coef., . VS"/ZQ . Ft,Hd,
2 S ) [ 2 [
[ ] [ L ] L ] L J
. AB . 690 o 02 . 15,20 o «30
« *BCO . 106 . 27.62 . 359, 8,93
1l o oP » 212 . «959 l.44 . «895
. ER R 318 . 97 . 3e22 o 1483
° RT . 530 . 02 9.02 «18
e L ] [ ] [ ] ]
o A o 690 o 02 15.20 » . .30
. BD ° 584 ° «04 . 10.90 . 44
2 « *DITO . 1Cé « 25,79 . 0059, 9.26
o OP L ] 212 [ ] .59 ® 1.44 [ ] .85
. FR o 318 o 57 S3¢22 o 1483
[ ] RT ® 530 e .02 [ ) 9002 [ ] 018
_L L LJ L L) 2.86
[} ) ] L) [ ]
’® AB o 690 . 02 15.20 & «30
o BD . 584 . 04 , 10,90 . 44
. LF . 478 . 04 7¢33 o <9
3 . *FGHP . 106 o 26,16 359, 9.38
(] TR Y 318 [ ] .57 ® 3022 ° 1083
‘o RT o 530 o 02 9.02 , 18
. . o . o 12,42
. AB " 690 . 02 . 15,20 . «30
N BD . 584 . 04 10,90 44
. UF o 478 o 04 7¢33 o 29
® FI . 372.. 43 4,43 » 1l.90
4 R 1y . 212 o 88 . l.44 , 1.27
s MJKG o 106 e« 2B.25 0059, 9.42
. L . 212 . 2.56 . lad o 3,89
o RT ’ 530 . 02 9.02 218
(] ° [ KN ) .4
. AB . 690 ° 02 . 15.20 . 30
® B . 564 . .04 10,90 . odé
'} I.F ° 478 ° .04 [ .’.3 .. .29
[ ] FI ® 572 [ ] .43 [ ] 4043 [ ] 1090
S . 17 . 212 . 88 l.44 « 1.27
« *JLQ . 108 e 85,53 . 0059, 9.08
. CR o 212 o 2,56 le44 o 3,69
o RT o 530 o 02 9.02 o +18
° * 9 ® @ [ ]




TLELE IV (cont'd.)
(1) (2) (3) (4) (5) (8)

Tank No. . Koute . G.P.k, . Coef. . VZ./2g .Ft.hd.
° L] L] 9 (]
L] ® . ® .
« *ANS ., 106 . 18,28 . 359 . 6.55
e ST . 266 . 3.02 o 2,27 ._8.85
[ L X J & L 3.
e« 4B . 690 . 402 . 15,20 . .30
e KD . 584 ., .04 . 10,90 . .44
e DF . 478 . W04 . 7.33 . .29
e FI . 272 . W43 . 4.43 . 1,90
® 'II-:S [ ] 160 [} 25.26 [} .818 [ ) 21.‘2
) DT ' 206 ° 3.02 ° 2.27 . 6 85
[ [] ° [ 0 55226

* = routes throuch separate tanks



LAl ul Fale WO ST T OO TNIAY Y TR
LiwICo CF RAD2ZIGIING LYLTil

The protlem of redesigning thils plping system to obtain
equal heud losses with the desired floy is wore than c mere
routine. Tuble II show¥s that muny of itlLe suwe iteus are
used by two of uore routes. Tlierefore, chonges mude for one
route may affect as many as five other routes, In order to
finally get the whole system to bslance so us to obtain
egual frictional losces or head losscs, mauy trials would
have to be performed. Then to , thc most ecomeaical change
mu3t bec mad3 reatiier than taking the perf.ction of one idea,

As time coes not pernit the coiputing of the ncmerous
calculutions to redesign the systerni, the method will be given.

In Tatle IV coluuns 3 and 5 z2re coastuul, or U.P.MN.
and 3" vel. heads, Adjust the pipes ~nl fittings ~ué cal-
culate the velocity heads as in Tuble I. Group the items
of Table I as 1in Tatle II. Taen the 2" vel., heads from
Table II are placed in column 4 of Tutls IV, tho su of the
products of columns 4 cnd 6 should te ejn2l for thoe seven
routes if the adjustments are corrcct. If altocethor new
routes were chosen, co0l.2,3,4,A0 wouid =11 change mking

en entirely new problen.
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