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QUTLINE OF PROBLEM

For the purpose of this thesis we shall assume that
the author has been approached by someone who desires a filter
plant to filter the water in a swimming pool of capaecity
62,200 gallons. The filter plant will be operated 16 hours
each day and it is desired to have a eomplete turnover of the
water each day. A pump room must be provided to house the
pump and the piping for the filters.

The following is a solution for the above problem.
More complete details will be worked out as individual pro-
blems but this general solution will tend to give an overall
picture of the design. Since we must filter a pool of water
in 16 hours, the rate per minute will be: 62,200/16 or 64.5
GPM. The rate at which the water will pass through the fil-
tera is about 3 GPM per aquare foot of filter area. However,
the filters must be washed and the washing rate is about 15
GPM per aduare foot of filter area. We will divide the fil-
ter into three cells so that it may be washed part at a time,
thus minimizing the size of pump required. If we now divide
the total rate per minute by 3 we get the rate per cell per
minute. This will be 21.5 GPM. If we now divide thls rate
per cell by the rate of filtering per square foot, we will
have the required number of square feet per cell. This 1is
7.2 square feet.

Rather than use graded gravel in the cells, we will

use porous underdrain platea to hold the filter sand. An



arrangement of this kind facilitates cleaning and repair of
filters without the expense of re-grading or replacing the
graded gravel. These platea are about 1 foot square and 1%
inches thick. Since each of the plates gives a filter area
of 1 square foot we will need 8 platea in each cell to meet
the requirements set forth in the preceeding paragraph. Thus,
we will duild three filter cells each 2 feet by 4 feet. Also
we will build a similar cell for use esa mixing and settling
chamber.

The pool for which the filter is to be used is of
the sunken type and our filters and pump room will also, there-
fore, be sunken with the floor a continuation of the pool
floor. (The filters being placed at deep end of pool.) With
this condition it will be necessary for pump room door to
open into the pump room. This will require about 3 feet. The
pump and the filter pipihg will require about 4 feet. The
pump room, then, will be about 8 feet wide if we leave a little
extra space for chemical containers. The length of the room
will be the same as the length of the filters, or about 10
Teet. This is assuming the small dimensions of the filter
cells and mixing chamber to run parallel with the length of
the room and the partition walls between filter cells to be
about 8 inchea thick.

Cur problem now becomes that of computing the de-
tails for four 2' by 4* cells which must be water tight, a

pump room 8°' by 10*' and the proper system of piping to



eirculate the water through the filtera and back into the

pool.

DESIGN OF ROOF SIAB

The roof is to be bullt of reinforced concrete and
constructed such that the span will be as shown in Sketch 1.
Since the roof will be used for sun bathing we will design
for a live load of 100# per sguare foot. Weight of concrete
150# per cubic foot.

Assuming a 6 inch slab we have:

live load 100#
dead load 150/2 75
Total 175# per sq. ft.

Assuming a simply supported alab:

M:=W1Y8 =175 x (10.67)/8 = 2505 ft. 1b,

In keeping with the design of the pool to be con-
gtructed at the same time as the filter plant, we will assume
4:20,000#/8q. in., £-1050#/8q.in., and f!:=3000§/8q. in.

Then:

k*.344 and j=.88%5
M-Cjd =C(da x kd/3)
c<r/2 x kd =1050/2 x .344d4-1814
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M:=1814(d - .3444/3) =1814d(d - .1154)
=1604°
d=M/160 = 2505/169 = 15.65
d={I§T§§ = 3.96 inches
Use effective depth of 4™ with 2" cover making a
6" slab.
Steel Required
M=Tjd = Axfxjd or A;=M/fxjd
£,=20,000#/8q.1n.
d-4"
j=.885
A;2505/20,000x.885x4 =.0354 8q. in. per inch
i»f @ 54" =.1963/5.5 =.0356 8q. in. per inch
Steel: Use 4% @ 53™ c.c. Also use #"¢@ 18" c.c.
in opposite direction for temperature
stresses and to tie the slab together.
See detail drawing 2.
Check for Shear:
Using method outlined in references 1 and 3
=,=8000V/7ud
=:=3.4 for 3"$ @ 54" c.c.
V=175 x 1067/2 =932.5# =.93 kips
d=4"
Allowable u = .05f' = .05 x 3000 =150#/Sq. in.
Therefore, no hooks are required on bars.

Allowable v in this case =.02 x f' = 60§/8q. in.



v, developed = 932.5/12 x 4 =19.4#/sq. in.

DESIGN OF WALLS

In designing walls we have three separate situations:
the pump room walls, the filter wall, and the partition walls.
The maximum stress in the pump room wall will occur after the
backfill 1s placed and before the filters are filled for op-
eration. Maximum stress in the filter wall will occur when
all filter cells are in operation. In a partition wall the
maximum strees will occur when the cell on one side is con-
pletely empty and the cell on the opposite side im in opera-
tion.

Pump Room Wall

For purposes of computing backfill pressures against
the wall hofizontally, we will assume the backfill to be a
liquid weighing 30#/ cubie foot. From the Sketch 2 we will
see that the wall can be designed either as a curtain wall
with the other walls as counterforts or as a canilever retain-
ing wall. (Note that the joint at the top of the wall must be
a 8lip Joint so that the roof slab is 8imply supported. This

makes the wall a canilever as shown in section A-A.)
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v, developed = 932.5/12 x 4 =19.4#/8q. in.

DE3IGN OF WALLS

In designing walls we have three separate situations:
the pump room walls, the filter wall, and the partition walls.
The maximum stress in the pump room wall will occur after the
backfill. is placed and before the filters are filled for op-
eration. Maximum stress in the filter wall will occur when
all filter cells are in operation. In a partition wall the
maximum strees will occur when the cell on one side is com-
pletely empty and the cell on the opposite side im in opera-
tion.
Pump Room Wall

For purposes of computing backfill pressures against
the wall horizontally, we will assume the backfill to be a
liquid weighing 30#/ cubic foot. From the Sketch 2 we will
see that the wall can be designed either as a curtain wall
with the other walls as counterforts or as a canilever retalin-
ing wall. (Note that the Jjoint at the top of the wall must be
a 8lip joint so that the roof slab is 8imply supported. This

makes the wall a canilever as shown in section A-A.)
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In order to conserve materials and save the neces-
ity of making a thick wall we will use a combination of the
two above mentioned possibilities, designing for 5/8 of the
stresses to be carried each way, thus allowing a safety fac-
tor to take care of the possibility that both sets of rein-
foreement might not come into action simultaneously.

(Note! For wall design, reference 1 will be used
instead of the long method used in the roof design.)

Canilever Steel
At base of wall:
P=240/2 x 8 9604 (See Sketch 2)
M:=-960 x8/3 = 2840 ft.1b. or 2.56 kip ft.
2.56 x 5/8=1.60 kip ft.
From teble 2 or feference l: Reqg'd. @:=33"
Wall thickness 33" plus 3™ cover = 63"
(See "Negative Steel™)

(Maximum moment for the counterfort part of the de-
sign will occur at the bottom foot of the wall where the aver-
age pressure per running foot will be 7.5/8 x 240 225§ Then:

M-w1/10(end span) =225 x (8.5)/10 =1625 ft. 1b,

From this we see that the momentAdeveloped in the
canilever part of the design is greater and the wall thickness
eatablished in that part of the design will govern.)}

| At point 2* .above base of wall:
M=6 x 30/2 x 6 x 2 =1080 ft.lb.
1.08 kips rt.x5/8 =,675 kip ft.



Xt point 4*' above base of wall:
M=4 x 30/2 x 4 x 4/3 = 320 ft. lb.
.32 kip £t. x 5/8 = .20 kip ft.
At point 6' above base of wall:
M=2 x 30/2 x 2 x 2/3 = 40 ft. 1lb.
.04 kip ft. x 5/8 = .025 kip frt.

Height above Moment A=M/ad Steel
footing kip rt. Table 3 Ref. 1
0 1.60 .318 3¢ @ 73" o.c.
2 .68 .134 4@ 15" o.c.

Since we don't want a spacing greater than 18" we
will go no higher than the 15" spacing shown for 2°* above
footing. See Sketch 3.
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Horizontal 3Steel
For the following computation "1® will be taken as

8*-6" which 13 the longest span. Not as much steel would be

required in the shorter span but we will keep the wall uni-

form regardless.



Height of horizontal

l-foot strip above 1=w1710 As~1./ad Steel
footing x5/8 Table 3 Ref. 1
Otol 1.015 21 A"4 @ 113" c.o.
2t03 «745 .15 "4 @ 16" c.c.
4t05 467 .09 %4 @ 18" c.c.

All steel above 4* point to be 18" c.c.
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Negative Steel .

The canilever steel already required that the wall
be 63" thick in order to give 3" cover of the canilever steel
on the backfill side. By increasing the wall thickness to 7%
we can place our steel in the center of the wall and have it
serve both as negati&e and positive steel.

Pump room wall to be 7% thick.

Bond

A3"g fully stressed at 20,000#/8q. in. will carry
20,000 x ,1963 =3920f#. The bond between the concrete and the
bar will carry: 3.1416 x 3 x 150 = 236f#. Thus, 3920/236 = 16.8
inches will be required for proper bond. Make bars extend 18"

beyond corners or points of lapping.



Filter Wall

Since the partition walls provide us supports at
2'-6" centers it will no doubt be most economical to design
the filter wall as a curtain wall.

Pressure at bottom of wall is8 8 x 62.4 = 499#/ft.
The average pressure on the bottom l-foot strip of wall is:
7.5/8 x 499 = 467§/rt.

= w1¥10 = 467 x (215)7/10 =292 ft.1b. or .292 kip ft.

From table 2 of Reference 1, the depth required is
less than 2*, Since the wall will be open into the pump room
2" cover will be enough on the pump room side. As in the case
of the pump room walls we will make the same s8teel act as posi-
tive and negative steel. We will want 3™ cover on the side

toward the filter cells and the wall thickness then becomes:

2" plus 3% or 5".

Frller Cells lel;‘?
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Anchorage in the partition walls will have to be
checked after the partition walls are designed. At corners
continue steel for 18" after bending around the corner.
Steel Required

M/ad=A, =.292/1.44 x 2 =,102 sq. in./ft.

From table 3 of reference 1, use "¢ ® 18" c.c.
horizontally. Use same amount of steel also vertically for
temperature stresses. (Theoretically, less steel could be
‘used higher up on the wall but we don't want spacing greater
than 18" c.c.)

Partition Walls

For the partition walls we have the saﬁe maximum
pressures as for the filter wall but "1™ will be 4'-6%.

M - wi/10 =467 x (4.5)/10 945 ft. 1lb.

Required "d" is 23", However, aince the walls come
in contact with water on both sides we will want 3% cover of
the steel on each side and the wall will, therefore, be 6%
thick. The steel will be placed in the center of the wall
and Iili act both as negative and positive as required.
Steel Required
Height of horizontal

l-foot atrip above M:wl/10 A,=M/ad Steel
footing
0tol .945 .219 2"4 @ 11* c.c.
2t03 +695 .160 "¢ @ 15" c.o.
4 to 5 441 «102 .i'f @ 18" c.o.

All steel above 4* to be 18" o.c.
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Check for Anchorage of Filter Wall

The steel in the partition walls will also serve as
tie steel to tie the filter wall to the partition walls. The
bottom l-foot strip éf the filter wall has an average pressure
of 225#/s8q. ft. The shear at the partition wall connection
would be 225 x 2.5 =563F. At least there will be one "¢ at
this point which will carry 20,000 x .1963 = 39307 Thus, the
steel in the partition walls will be sufficient to tie the

filter wall to the partition walls.,

FOOTING3

The footing under the swimming pool walls will be
continued to serve the filter plant also. 3See drawings of
filter walls for footing details.

The following is an investigation to determine if
the footings as used for the pool wall are sufficient for our
purposes.

In Sketch 8 "P* equals weight of roof slab, plus
weight of wall, plus weight of footing. (Considering a 1-
foot length of structure.) %E" isg the welght of baokfill



over footing.
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"PZ equals the side pressure of the backfill.
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Roof slab % x 6 x 150 = 450
Wall 7/12 x 9 x 150 = 787
Footing 8/12 x 1 x 150 = 100
Total P = 13374

E=4/12 x 8 x 100 = 266§

Mg equals resisting moment of floor
section.
A7 .20
a=2"

H§=A!ad

a=:l.44
M=-2x1.44x .2 =,576 kip ft.=578
The moment produced at the critical
system shown in sketch 8 (at lert.or critical
M= (1125 x 27)-(1337 x 11.5)~-(266 x
From this we see that the resisting

at critical

ft. 1b.
section by the
section):
17) = 844 ft.lb.

moment of 576

ft. 1b. produced by the slab at the critical section isn't

enough to resist the 885 ft. 1lb. moment set up by the external
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forcea. Therefore, we will widen the footing. Making the
footing 1'-6" wide by adding 3™ on the inside of the wall the
externally caused moment now becomes:
M =(1125 x 27)-(1337 x 14.5)-(266 x 20) =477 £t. 1b.
Our footing will thus become 8" x 1'-6". 3See de-

tail drawings.

PILTER PIPING

In reference 4 we find the following recommenda-

tions:
Hydraulica:
Piping:
Inlet Max. Velocity 4 fps
Outlet * et 4 fps
Waste " ol 4 fps
Backwash"” bt 10 fps @
20 GPM/ sgq. ft. filter area
Controllers eto. 6 fps

Washwater Trough
While water is being filtered it runa down the trough

from the mixing chamber and overflows the sides of the trough
into the filter cella. No particular size of trough would be
required for this part of the operation. However, when back-
washing we wash one cell at a time and we want the water to
come up through the filter and run out the trough into the

mixing chamber without overflowing into the other two clean
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cells. 'Since the water can only escape through one end of
the trough this one end acts as a wier. It will be a 90°
V-notch wier as shown in sketch 9. It has been found that
the V-notch trough works nicely in this type of set-up be-
caugse it allows the filter to be evenly washed since the

washwater that comes up directly under ths trodgh can eaally

get into the trough. L RH
|

’ I
\/ !
(

OrxecreHy 9

When specifying the pump we will asaume é back-
wagh rate of 15 GPM/ sq. ft. of filter area. Howevef, in
designing the piping we will assume a rate of wash of 20 GPM/
8q. ft. of filter area.

Our trough must handle the water from one cell or
8 8q. ft. of filter area or 8 x 20 =160 GPM.

From page 87 of reference 5, we get the formula
Q 2.52H°* . From table 37 on page 110 of reference 5, we
rind that for Q = .356¢cfg, H =.453 ft. or 5.45 inches.

Use H=7" to allow 3ome freeboard.

Filter Cell Outlets, Risers, and Mixing Chamber Outlet

The sizes of these pipes will all depend on the

waghwater flow since the maximum requirement will be while

wagshing. 3ince we wash one filter at a time, the maximun flow

through these pipesa will be:
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cells. Since the water can only escape through one end of
the trough this one end acta as a wier. It will be a 90°
V-notch wier as shown in sketch 9. It has been found that
the V-notch trough works nicely in this type of set-up be-
cause it allows the filter to be evenly washed since the

waghwater that comes up directly under the troﬁgh can eaally

get into the trough. - PH
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When specifying the pump we will asaume é back-
wagh rate of 15 GPM/ s8q. ft. of filter area. Howevef, in
designing the piping we will assume a rate of wash of 20 GPM/
8q. ft. of filter area.

Out trough must handle the water from one cell or
8 8q. ft. of filter area or 8 x 20 =160 GPM.

From page 87 of reference 5, we get the formula
Q 2.52H2A7 . From table 37 on page 110 of reference 5, we
£ind that for Q = .356¢fg, H =.453 £t. or 5.45 inches.

Use H=7" to allow some freeboard.

Filter Cell Outlets, Risers, and Mixing Chamber Outlet

The sizes of these pipes will all depend on the

washwater flow since the maximum requirement will be while

washing. 3ince we wash one filter at a time, the maximun flow

through these pipes will be:
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8 8q. ft. x 20 GPM/aq. ft. filter area= 160 GPM.
Converting this to cuble feet per second we have:

160/60 x 7.48 = .357 cfa

For computing pipe sizes we will use the simple
formula Q = AV where:

Q =quantity in cubic feet per second

A -area (inside cross-section} of pipe in sq. ft.

V=velocity of water in feet per second

Recommended V during backwash is 1Q fps.

A=-Q/V =.357/10 =.0357 8q. ft. or 5.13 sq. in.

Use 3™ pipe.

3ince the flow out of the mixing chamber is by grav-
ity, we must check to sse if the flow will equal the 10 fps
rate upon which we have based the design of the pipe size.

v=C YEEE where:

v = velocity of flow in feet per second

C = coeffielent of discharge

g = gravity oconstant

h=head in feet

v =.822 x 32.2 x 4.75=14.4 fps

From this we gsee that the water would flow even
Mgter than the 10 fps rate asgumed end the design is on the
conservative gide.
Headers, Pool Inlet, and Mixing Chamber Inlet:

These pipes handle the filtered water from all three

cells at once. At a filter rate of 3 GPM per s8quare foot of
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filter area this will be: 3 x 8 x 3 =72 GPM.: Velocity will
be assumed ag 4 fps as recommended in reference 4.
A=72x 144/60 x 7.48 x 4=25.77 sq. in.

Use 3" pipe.

In order to better digtribute the clean water, the
pool inlet will be divided into two 1%™ pipes as shown on
"Isometric®™ of filter piping.

Pool Outlet:

The size of the pool outlet is nouv based on the fil-
ter plant operation. It will be 6™ in the case of this size
pool, the size being determined by the pool designer. fhie
6® pipe is larger than would be recquired to operate the fil-
ters, but such a size is desirable in order to facilitate the
quick drainage of the entire pool. See "Isometric"™ of filter

pining.

PUMP AND MOTOR

i Our pump has two jobs to perform. It must wash the
filters and also return clean water to the pool when filters
are filtering. (There operaticna cannot, obviously, be per-
formed at the same time.) We must find the head loss (total)
in each case.
Losses During Washing

We must supply water for washing at the rate of 160

GPM or .356 cubic feet per second. Velocity in the 6" pipe

will be:
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V=144 x .356/28.891 =1.77 fps.

Velocity in the 3" pipe will be:

V=144 x .356/7.393=26.95 fps.
Losses (References 4, 5, and 6)

Entrance KV/2g= .04 x (1.77)/2 x 32.2 Negligible

50' of 6™ pipe 3 x .38 = .19 ft.

Tee in 6™ pipe .3 x.38= o1l

Contraction to 3" = «28

2 Tees & 1 E11l in 3" pipe 10.5 x 50/100= 5.25

12* of 3™ pipe 10.5 x 12/100= 1.26

Porous plates & filter media- 2.00
Total 9.09 ft.

Water after washing is at a level in the trough
2'-6" below pool water level. Therefore, we subtract this
from the 9.09 ft. leaving 6.59 feet.

Losses During Filtering

The filters will be operated at 3 GPM per square
foot of filter area. Each filter produces 3 x 8 =24 GPM.
Velocity in the cell outlets will be:

V=144 x 24/7.48 x 60 x 7.393 =1.05 fps.

Since the pool inlet is the same size as the cell
outlets but carries the water from all three cells at the same
time the velocity in the pool inlet will be:

V=3 x 1.05= 3.15 fps.

Velocity in the 13" pipes will be:

V=-144 x 36/7.48 x 60 x 2,04 =5.67 fps.
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Suction Lift (References 4,5,% 6)

Height from floor to pump | 2.00 f¢t.

Entrance

Negligible

12* of 3", 1 E11, & 3 Tees .38 x 87/100= .33
(3 1.05 £ps)

9' of 3", 1 Tee & 1 E11 2.57 x 43/100= 1.11
(@ 3.15 fps)

Total 3.44 ft.

Head Losses-Discharge Side (References 4, 5, & 6)

100* of 3™ pipe @ 3.15 fps = 2.57 6.

5 Ells & 1 Tee

2.57 x 95/100 = 2.44

20* of 13", 4 Ells, @ 5.67 fps

16x 52/100= 8.30
Height from pump to water level = 6.00
Total 19.31 ft.

From this we can see that the demand on the pump

is much greater during filtering than during washing.

From page 7 of reference 6, we see that a 3" Type-B

Gardner-Denver centrifugal pump with a 13 hp motor will be

required or its equal.

operate at 1150 RPM.

FILTER MEDIA

The effitiency will be 70% and it will

Sand only will be recuired since the porous plates

take the place of the usual graded gravel. We will want 24"

of sand over the porous plates. The recommended effective

8ize is .35mm. and this with a uniformity coeffieient of 1.75.
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See reference 4, #12-3-1660.

PUMP ROOM EQUIPMENT (When required by health authorities or

by Owner.}

Disinfector

This shall be a chlorinator similar to that manu-
factured by the Everson Filter Co., 627 ii. Lake Street, Chicago,
Illinois. Use size recommended by manufacturer.
Preasure Gauge

Attach to influent side of pump a gauge that will
ghow pressure or vacuum. Reletive readings will indicate when
washing of filters is necessary.

Flow Indicator

Attach rate of flow indicator to discharge side of
pump to indicate filtering and washing rates.
Coagulating Device

An automatic device for feeding of lump crystal Pot-
ash Alum or Ammonia Alum to the water will be connected to
the supply piping of the filters.
Alkalinity Device

Connect this device to venturi tube of the coagula-
ting device.
Hair Strainer (or Catcher}

Connect this item into riser pipe below entrance

into mixing chamber.



UNIT PRICE3S FOR ESTIMATING

Concrete (1:15:3) Per Cubic Yard
Materials
Cement 1.85 Bbls @ 3.60 $ 6.66
Sand .42 Cu¥Yd & 1.75 <74

Gravel 1.84 CuYd @ 2.75 2.31

Lime .13 Bbls 2 2.60 34

Total Naterials $10.05
Labor (Mixing in small batch mixer and

placing with buggies or wheelborrows)

Ccommon

labor 3.75 Hrs. @ 1.00 § 3.75

Mixer «38 Hrs. @ 2.00 .76
Foreman .30 Hrs. @ 1.50 « 34
Total Labor $ 4.96

Total per Cu.Yd. concrete in place
Formwork (100 sq.ft. contact area)
Materials
Lumber 225 BdFt @100.00 $22.50

Nails 5 lbs. @ .07 .04
Wire 2.5 lbs. @ .08 « 20
Total Materials $22.74

Labor (Erection and Wrecking)

Carpenter

5,85 Hrs @ 2,00 $11.70

$15.01

20
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Formwork (continued)
Helper 5.10 Hrs. 2 1.50 7.69
Foreman .60 Hrs. @ 2.25 1.35
Total Labor $20.70
Total Cost Formwork per 100 sg. ft.
contact area $43.44
Cost Fformwork per sq. ft.

contact area _ 43

Excavation (Per Cubic Yard)
Hand Excavation ‘
Common
labor 1,50 Hrs. @ 1,00 § 1.50
Total Cost iland Excavation per
Cubic Yard $ 1.50
Power Eguipment Excavation
Operator .06 Hrs. & 2.25 § .14
Equipment.06 Hrs. @ 9.00 .04
Total Cost per Cu.Yd. for power eguipment

Excavation (no haul) 3 .68



ESTIMATE OF COST

Barthwork (Assuming level ground at water level in pocl)

Excavation
Filter roonm

Access stairs

Gravel 3ub-drainage
Under floor
Around Valls

Under Stairs

Backfill

Around filter room

Total Earthworke « « o o o

Concrete
Floor, Footings, Pump Pad,
and Pedestal
Con. Fl. & Scum Gutter
Roof Slab
Walls
Stairs

Trough

Cuyd

15.0 "

CuYd

2.34 Cu¥Yd
4.45 ™
2.63 "

9.40 CuYd

21.0 CuYd

. L] L) [ J *

3.76 Cu¥d
.96 "
2.8¢ "
7.86 ©
l.324 "
27 "

@ $1.20

3 $2.75

@ $1.00

@ $20.80
@ 35.00
@ 45.00
@ 70.00
2 25.00

< 110.00

$114.00

$ 25.85

$ 21.00
.$160.85

$ 75.20
33.60
127.80
550,20
33.50
29.70

TOt&l Conctete. e e o o o o & o o o o o o o o o o 3850.00

Reinforecing Steel n

Roof

Floor anéd Footings

Lin. Ft.

400
418
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ESTIMATE OF COST

Reinforcing Steel (Continued) Lin. Ft.

Partition Valls 160
Filter Vall 133
‘Pump Room Wall 685
Stairs 170
Trough 113
Miscellaneous | ‘ 30
Total : 2,109 Lin.Ft.
Weight 2,109 x .668/2,000 .705 Tons
" .705 Tons @3120.00 §84.50
Labor | ~ .705 Tons @ 40.00 _28.17

Total Reinforcing 3teel. ¢« ¢« ¢ e ¢ ¢« ¢« « o « « . o$112.67

Woodwork
Door & Frame with Hardware 1 @ 330,00 $30.00
Window Frames & Lights 2 2 5.00 10.00

Total Y’{OOdwork. * L] (3 . * . . . [} . . [ . . [ LI 0$40.00

Underground

Drain Tile 40 Lin.Ft. @ § .64 $25.60
TOt&l Undergl‘ound. . L ° . [ o . L) . L) . . L) . Y ] $25060

Painting
Woodwork 60 Sq. Ft. @ § .10 § 6.00
Pumproom. & 3tairway 350 3q. Ft. 2 .08 28,00

Tot&l Paintingo . L] (] L] * L] L) L] L[] . . . L] . L] L] * 0$34000



ESTIMATE OF COST

Plastering

Filter Cell Valls 25 SqY¥d @ § .84

Total Plasteringa ° [} . . [ . . ° . L) . . [} L] . .

Eleétrical
Fixtures 2 2 $30.00
Vall Plug 1 2 10.00
Switch 1 @ 12.00
Connection to Puwap 1 2 40.00

Total Materials
Overhead & Incidentals 30%

Total ElectriCalQ 3 3 L] ] [ ° [ L] [ . . . . . . .

Plumbing
Water Service to Pool ‘
Pipe 2" 30 LF. 2§ .26
Valve 2" 1 @ 7.74
Tee 2% 1 P 1.43
Plug 2" 1 @ .30
Ells 2" 3 Q .74

Outlet Piping from Pool

Tee 6" x 3" x 6" 1 2 $14.16
Pipe 2" 30 L.F. @ 53
Valve 3" 3 @ 13.54
Ell 3" 2 @ 2.27

Tee 3" 2 e ] 2.45

24

$21.C0

.$21.00

$60.00
10.00
12.00
40.00
$122.00

36.60

$158.60

$ 7.80
7.74
1.43

.30
2.22

$14.16
15.90
40.62
4.54

4.90



ESTIMATE OF CO3T

Plumbing (continued)

Filter Outletsvand Backwash Line

Pipe 3"
Tee 3"
Valves 3"
Bl1 3*
Plugs 3"
Mixing Chamber Outlet
Pipe 3"
Valve 3"
El1 3"
Pump Discharge Inlets
Pipe 3™
Pipe 13"
Valve 3"
Ell 3"
Tee 3"
Bushings 3" to 1"
Filter Media
Porous Plates

Sand-gpecial

Miscellaneous
Caulking lead

Caulking Oakum

33

7
4
2
3

(&

90
20

» B 9

24

1.8

10

L.F. @ $

L.F.

© O © Q0 © o

3qFt
CuYd

Lbs. @ &

" 0

«20
.15

25

$18.55
17.15
64.16
4.45
1.35

$ 1.59
13.54
2.27

$47.70
1 3.80
27.08
15.89
7.35
2.32

$90.00

$ 2.00
.75
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ESTIMATE OF COST
Plumbing (continued)
Special Equipment

Pump and Motor 1 @ $250.00 $250.00
Alkalinity Pot 1 ®» These
Coagulent Pot 1 @
Items
Chlorinator 1 4 ]
Flow Indicator 1 @ Optional
Total Materials $669.65
Labor and Incidentals 100% 669.65

TOt&l lebingo ° . . . e o . . . o 3 . 3 o$l ,539030

!iscellaneous

Wood baffles, mixing chamber 67 B4Ft K $ .15 §$ 10.05

Fine Grading ) 300 SqgFt @ «20 60.00
Manhole Rings and Covers 2 Each e 15.00 30.00

Total MisScellaneouS. « « « o« « « o « « « o + o« « .$100.05
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RESUME OF COSTS3

Earthwork $ 160.85
Concrete . ‘850.00
Reinforecing Steel 112,67
Woodwork & Sash 40.00
Underground 25,60
Painting | 34.00
Plastering . 21.00
Eleqtrical 158.60
Plumbing 1,339.30
Miscellaneous 100.05

Total $2,842.07

Misc. and Incidentals

(Overhead) 5% 142,10
 Total | $2,984.17
Contractors Profit 10% 298.42

Grand Total. o« « « « + « « « . . .$3,282,59
Cost per square foot of Filter. . . « . . . . .$136.77

It might be well to note in conclusion that the prices
used here are those for central Michigan in August 1947 as
near as could be determined.

A swimming pool of the size for which this filter plant
is designed would cost approximately $3,000.00 or, in osher
words, only as much as the filter plant itself. When we get

into larger sizes of pools, we find that the filtering equipment
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becomes a lesser percentage of the total cost. However, even
in large jobs of this kind (swimming pool with recirculation
system)} the filtering arrangement remains one of the largest

items and demands much attention.



2.
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4.
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REFERENCES
"Reinforced Concrete Design Handbook™ of the American
Concrete Institute.
"Reinforced Concrete Design™ by Sutherland & Reese.
5Report of Joint Committee"vof the American Concrete
Institute.
»Camp Porous Bottoms for Rapid Sand Filters"™, Bulletin
12 S 12 & 12 S 1660 of Walker Process Equipment, Inc.
*Handbook of Hydraulica™ by King.
®*Gardner-Denver" Centrifugal Pumps Types B & C A-101.
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