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The purpose of this thesis 1s to compare two processes
for the treatrent of milk waste as applied to the neecds of
the Borden Coripany iillk Condensery located at Ferrinton,
iiiohigan,

This cormarison will involve:

(1) A study of the factory and the wastes from it,
(a) Source of wastes,
(b) Volune,
(¢) 3trength.
(2) 4 preliminary decisn of the treatment plant
as follows:
(a) Hizh rate Plltration with stone filter,
(b) Biochenilcal treatment with ferrie
chloride and linme,
(3) Corparison cf duties as to operation, etc.
(4) Detormination of cost of each plant,
(a) Initial or first cost,
(b) Cost of operntion,
(5) Comparison rf relative effiencies of each
rlant ss to treatment and operation.
(6) Seleoction of plant most suit2ble to Borden
Condensery at lerrinton,

ixperinental plants of both types have been sct up and
tried ot the plant a2t Ferrinton. Various rates of anplica-
tion and dogsnges being used, i'ron the results of these tests

and enalyses conpiled by :ir, &, ¥, <ldridge, the nethod give
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ing the best results wns determined and used in the writiag
of this thesis,
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The scelectlion of methods of treatrient for milk wastes
should de adapted to the local situntion with partiocular re-
ferenoe to the desree of purification necessary and the chare
acteristics of the wnste from the milk plant in cusstion,

The condensery at Terrinton is couirped for the separa-
tion of cream, condensing of milk, and the production of dry
milk powder, The individual vmstes that make up the comrose
ite for any one day at the plant consist of the following:

(1) \iaste water from washing cans and other uten-
sils,

(2) Serub and rinse water from the floors, This
includes any nilk or crcan and slkiirmed milk
that spilled on the floor, and the dirt that
collacted,

(3) \aste water from toilets and washroous,

Volume of Raw l/aste

The volume of rnw waste fiow was determined by welir
measurerients from a 90° Venotoh weir, “he results of these

measurements are sonniled in Tadble 1,






Table Mo, 1 Ilow Lata 41 2.48(4)5/2

Date 9/14 9/15 10/4

Time M Gal/idn, H Gol/:Mn, U  Gal/:dn,

8 A, i, 0,18 11,70 0.19 16,50 0,09 2,78
9 A, I, 0,19 16,50 0,23 78420 0,15 9,70
10 4, I, 0,20 20,05 0.23 £8.20 0.17 13,37
11 A, i, 0,19 16,50 0,23 28,20 0.20 20,05
12 Koon 0,23 28,20 0,28 46,25 0.20 20.05

1P, 0,23 23,70 0.30 55,15 0.2 2,05
2 Ty LI, 0,26 2ed4d 0,20 05,15 C o222 206,00
3T, 1, 0,25 34,75 0.28 33,44 0,27 42,35
4 P, 1, 0,85 34,75 0.28 45,25 0.29 50,20
229,09/9 342,34/9 205,05/9
= 25,47 =38,04 =22,80
25,47
38,04
22,80 86,39/3 enquals 28,8 . verage Flow (Gal/:iin,)
86,39
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TRUATILNT OF 1K 45703 DY HIGH RATE FILTRATION

This method of disposal consists of applying the milk
waste along with the reecirculated effluent to a bdioloszical
stone filter designed for a continuous application. In this
wey, the effluent which is returned from the filter mixes
with the raw waste as 1t enters a holding tank, therefore
causing considerable dilution and reducing the B, O, D,1
of the raw waste, This reduccd B, 0, D, of the waste nakes
it possible to increase the amount and the rate in which it
| is epplied., A quantity of treated waste equal in amount to
the raw waste entering the holding tank is discharged cone
tinuously as the final effluent,

Design of a High Rate Filter

A plant giving cormrlete trentment by this method oone
sists of three units:
{1) A holding tank to equalizs wnsteo and give a
longer period of operation for the filter,
(2) The rilter,
(3) A settlins tank to romove suspended material
from the vmsste dlscharged by the filter,
Holding Tank:

Before any attcrpts were made at designing, the average
daily flow from the condensery was determined from flow mca-

surements taken over a periocd of several veeks under

1 Biochemical Oxygon Leriand
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conditions of nomisl orerztion, 7This dcsta end results ere
shovm in te<ble number 1, Jomposite samples of the raw waste
vere also teiean &nd snelysed for S dey B, 0, D, as shovm in
Tebla nurber 2,

Results of inslyses of lLilk Filter

Table llo, 2 Conrosite Samples

Date S5-Day B, 0, U, Suspended Solids
Final . Reduce #inal deduce
Raw Effluent tion Raw  &ffluent tion
ppm_ _ppm % P50 oA %
9/6 55 27 92,4 204 76 75,0
9/7 675 33 94:4 a3 70 8540
9/a 250 70 80,0 272 08 84.0
9/9 803 48 94,0 1108 120 e9,2
9/11 540 42 92,3 844 76 A8.1
9/12 573 47 91.6 282 106 62 o4
9/13 407 50 87,7 264 83 66,6
9/14 413 43 89,.4 606 128 78,8
9/15 713 49 93,1 404 62 85.4
10/4 775 *x¥ * NOR¥K L X3 L X T KERE
AVLRAGE 560 46 91.8 434 02 77.1

The average B, 0, L', of the effluent from the present
filter at Ferrinton is 48 ppm., The raw waste entering the
holding tank has en esverame B, 0, U, of 560 ppm

Frevious experiments have shown that the mixture ap-
plied to the filter g3ve best results if the B, O, D, when
arplied was botween 150«200 ppm,

By recirculstinzg a mixture 8 times the r~w warte flow,
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the reduced B, C, U, of tha mixture by dilution vas found to
be 110 ppr,.

1/8 of recirculation is ra - wosite--3, 0, U,r 560 1 x 560% 560
7/8 of recirculation 1S final eff, 3,0, L, 46 7 x 46& 322

8 parts 3
B, 0, L, of rmixture iz 832/8 = 110 ppm, which is within the
limits prescribed for best rosults,

The holding tank is decirned for a eapacity ejual to the
totnl daily flow plus 255 for night flow, The wasto 1s dise
charged for nine hours = d=y, the sreatost concentration is
arnrund four o'clock i{u the sfterroon, when oconsiderasdle washe
ing up of the plant occurs. The nizht flow i3 relatively low
and is vrzcticnlly clear virter,

sverage flow erunls 23,8 Gallons per minute,

28.8 x 9 x 60 erunls 15,550 Gnllons

250 ineresse equnls 3,835 w

19,435 Gallons

Aequired capacity of the tnnk: 19,435/7.48 = 2,598
Cubie feet, The tank wss designed to allow for settling end
the removal of sludge accwulutcd, The bottom of the tank was
given a slope at the entrance so that there is a drop of one
foot in fourteen feet to a sump which is deeper by one foot,
The sump was made two £-ot in width and has a beffles separate
ing it from the re~t of the tenk, A t one end of the sump
there is a draw-off pine and valve which runs through the
wall separating the holding tenk from the settling tank,
(The same purp and pire 1line is used for drawing sludge fron

- -



both tanks, Gate vualves arc placed in the line so that they
may be Crawn off separately.) 4t the far end of the holding
tank a 2' x 2' x 1' sump and purip was rlaced to nurn the mixe
ture to the frilter,

Caloulations:

Required cepacity of tank equals 2,593 cuble fcet.,

70’

\L i _ v ‘N |-
|2

/4’ Jz’ /4’ /3.6" Pﬂ

actual volume from adonted dimensions:

Sump (2 x 2 x 1) z 4.0

Sludge tank (11 x 13.6) =z 149.6

kemainder of tonk (30 x 6 x 13.6) = _2448.0
2601.6

Allow 3,5 foot freeboard = 630.0

3231.,6 oubic feet
A otual height of water surface (from top of sump )

2598 « 4 = (11 x13.6) = 30 x13.6 h

2598 = 149.6 T 408,8 h
2444 .4
h = _ = 6 feet
408



Vesign of Filter:

The rilter is designed for the evnlication of 200,000
gnllons of wuter per sore per day,

The amount of waste applied is:

Q& T 8 x average ra - vaste flow

T8 x 28,8 x 00 x "4 T 332,000 gallons per day

Filter area required:

A = (332,000 x 43,560) /2,000,000 = 726 square feet

Ad=V x4/3.142 x 72

T 30.4

The filter eonsists of ablarge ¢ylindrical reinforced
concrete tank set above the surface of the ground. The bot-
tom wns given a slope of 1" in 8' in the direetion of the
outlet. Urainaze i3 by half-tile rine laid 1n pavallel rows
with open Joints running towsrds the outlet, To facilitate
dreinege, ~ smell reotsnrular charrel was sct in the floor
and covered with loosely Jointed brick so that the upper sure
face of the brick 1s flush with the floor of the filter, it
each end of the parallel lines of tile drains on the floor
»n upright 6" tile pipe is placed to provide circulation of
alr to the stone, 7<his pipe is nlaced to provide circuculation
and extends Just to the surface and 13 su-rorted by the stone
surrounding it.

The size of stone used varies from four inch diameter for
a depth of one foot to a size botween 23" and 31" up to the
surface making a total depth of six feet, A four foot pler

wns constructed in the center for holding the shaft of the ro-
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tating distributor. It is of rectangular eross section varye-
ing from a side of two feet st the base to one foot at the
top. The shaft of the rotating arm is stationary, and fixed
into the concrete so that over 2/3 of it is embedded for supe
port. The pire line from the purp at the holding tank joins
this shaft in a tee oconnection jJust above the piler, but below
the surface of the stone, Various types of distributors may
be purchased from concerns specializing in their construction,
The type contemplated for use in this problem was cne which
would be supported on the end of the fixed shaft by a ball dear-
ing arragement at the end,

The influent from the holding tenk is mixecd with the ree
oirculated waste from the filter and epvlied at the rate of
230 gallons rer minute,, This diluted wsste was proportioned
80 that 1/8 of it is raw vaste and 7/8 the recirculated efe
fluent from the settling tsnk. Thus, a volume equal to 8
times the raw waste from the plant is applied continuously to
the filter, and sn amount equal in volume to the raw waste 1s
discharged to the strean, after passing through the settling
tank,

The Settling Tapk:

The effluont fron the filter flows by gravity into the
gettling tank, The pipe enters the end of tke tank at an
angle so that the wall is used os a baffle In abating its
velooity. A weir equal in length to the width of the tank
was placed at the other end, The effluent flows over this

weir into a small channel which in turn discharges into a

- @ -






weir box with a 90° V-notch, An outlet in the bottom of the
box returns 7/8 of the flow to the inlet pipe of the raw waste
es it enters the holding tank, The remainder of 1/8 of the
effluent, which 13 equal to the volume of the raw vnste flows
over the welr and is discharped into the stream,

The tank is designed with a hoppered bottom designed so
there 13 a detention period of 30 nminutes, A sludpo draw-off
pipe and valve 1s placed &t the cconter of the tanl:, This
same punp and pipe line 13 uscd for drawing sludze fron the
holding tank,

Calcilations:

Tank Capacity:= 1/24 x detention reriod x flow
1/24 x 1/2 x 332,000 = 6,920
6,920/7,43 = 975 ocudbie feet required

sro0’
27’

Rz _ﬂ_l’z'_l_ 747

Volume of desizned tank:

2x2x2 = 8
28

21 x7) x2 =

6 x2x 30 = 360

6/2x6 x30 =T 540
9368 cublc feect
2.5 x8x 30 =< 840 " n Frechoard






Pipe friction

¢ 120 = fairly smooth
f 0.0269

h f1/4 x v/2g
0,0269 x VZ/2¢
4/12
0,0807 x V</2g
2
Item v /2p
Entry L.00
90 Bend 0,50
5' -4"?1}’)0 0.42
90 Bend 0.50
41 Pipe 0,32
90 Bend 0.50
10* Pipe 0.81
45 Bend 0.13
18' Pipe 1.45
90 Bend 0,50
7'  Pipe 0,56
Tee 1,50
2' - 6"Pipe 0,21
Total 9,46 ws
w.8.
Aree of 4= pipe 00,0873 ‘
r 2%0,4 g.pene
0.51% c.f.8.
v ~/a 0,513  5,87%/sec.
6.5853
w2/2 (558722 24,7 0,538
/28 . 1.7
logrs =

9,46 x 0,538 5.,10

wlle

D/sTRIBUTOR

1Loss in distributor

30 Openings
assume 3/8" diameter

A 0,7856(1/32)2
0.000767

C per nozzle =

00513 0.0171 00 r. 30
30 :
a/A

0,0171 22.%%/sece.
0.Q00767

1.5 V5/2¢ 1,5(22.3)%
64,4
1-059 11.64'

\'

elevation of dist,
w in hold tank

static hecad
dist. loss 11.64

pipre losses 5,10
Total punxping heed 27.24

103.5

93,0
10,5






Ttem v?/ze
Tntry 1,00
GCate valve 0,10
1'=§"Pipe C. 11
Tee 1.50
90 Bend C.50
12 1/2'Pipe 1.01
90 PRend «20
Pump
90 Bend 0,50
6 1/2'Pipe 0,64
90 Bend 0.50
2 =« G"Pipe 0.20
Gate valve 0,10

Discharge 1,00
Totel 7.66

h 7.66 x 0,00405 0,031

DrscHRRGE
y
W. S - —— [\

N

Y ?

N

\ ‘o Porro

~
1N svrer

-z "06‘_ 24_ 6”

-y X3
Pump
/2’ -8" T
T L
SETThIN /‘~4T1f. i HOoLDIN,
o <t H—H < (Y

_Pibe friction

b

v

2
v/2g

120 feirly smooth
0,0269

£1/d4 x v2/2g
929%33 L v¥/2g
0.0807(L) v</2g

4" pipe 0,0873

20 SePel,
0.0445 c.f.8,

¢/A 0,0445 0.51%/sec,

0,0873

(0.51)%
64.4

0,2615 0,00405

atatie head 3,00°¢
friction =
Total pumping »

0,03
.03 feet



BIOCILULICAL TILLTLLNT

The bLiochemical treatnent process of milk waste treate
ment is known as the Gugzgenhelm Process, patented by the
Guggenhein Brothers, MNew York City.

In this proeess the milk waste is trested with ferrio
chloride and lime and then acratedi, The flos resulting from
aeration i3 allowed to settle, and the sludse which is ace
cwmlated is returned to the raw waste to pass again through
the rrocess,

From previous tests run on the raw’ wastes at Ferrinton,
it was found that lime applied at the rate of 100 ppm and
ferrie shloride at 30 to 40 ppm gave the best results when
aerated for a period of four hours,

DESIGH OF TRE TLINT TLANT

The plent for this tyype of treatment consists of the
following unite:
(1) A holding tank for receiving the raw waste,
(2) Chemieal tanks,
(3) idxing device.
(4) Aeration tank,
(5) Settling tonl,
liplding Tonks:
The volume of the tank is designed so that is is pos-
sible to pump at a constant rate end have the tank emptied

once every 24 houra, The pumring rate wms determined from

-l e



The sverage hourly flows cormiled from the flow data of the
plant, 4 rumping rate of 5 mallons per minute was found to
be sufficicnt, My startinsg the runp in overation at 10 &, il.,
there 1s sufficient accurmlation of row waste to permit e
constant omer~tion of the rump throuszh the vhole working day.
The maxirnim raw waste flow occurs a2t 4 o'closk when consider-
able washing up occurs in tha plant, The mazximnum volurne
which will be in the tank will ocenr at about this tine snd
emounts to 6,328 gnallons, ‘“the raw waste flovwing iato the tank
gradunlly decrecases alter four o'clock so that the purping
rate soon exeecds it snd cventually cnipties the tanlk,

4 tank of 8,000 fnllons eapncity vos required,

8900 ;1,070 oublo foet

Thus ths pump will be in oreration about 12 hours each
dnye.
The table holow shows wvolunme of waste in the thnk for

eny hour of the day,

Time Haw \aste flow Draw Lovm Volume of iaste

By Punp In Tank

Gal/i’in Gal/ Hr 1500 ual/Hr Gallons
7-8 Al 10,33 620 licne 82
8«9 i 14,80 8es Ivone 1508
9=10 4.l 20,54 1230 otart tump 2738
lo=11 A 21,953 1295 1500 2533
1112 sl 31,590 1390 1500 2923
12} Tl 34,50 2070 1500 3493
l<2 1il 40,03 2400 | 1500 4393

2«3 F. 434,01 <310 1500 5203

3-4ii] 435,73 2625 1509 6323



BIOCLLIC AL Tl w?

saration tiue
vettling tire

Line

Ferries chloride

P [ERER L IE!
(R A.mx Hland Lol

b
3
.
.
-
.
-
.

4 hours
2 hours
100 p.pen.
SO p.p.m.

5-(1&? Bo O. D.

Heration tank

Haw Treated  IleGuction a1 Lusrended
pom oPm. fercent Cu.ft,./Cal, Solids ppm
122 5 95,8 - 3340
150 10 93,4 1.5 5004
170 11 96,8 2,0 2204
199 49 79,0 - -
200 16 92,0 3.7 2792
204 15 92,8 1.5 2868
214 34 84,2 - -
231 30 87,0 1.1 1048
233 5 97.8 2.5 4476
£50 %0 83,0 1.3 3064
253 33 91.1 1.3 —-
253 17 93,6 3.6 2404
266 17 9346 2,0 2163
285 o5 80,6 260 -
2010) 59 85,5 Red el
290 23 92,0 3.1 -
256 30 91,0 1.1 1616
358 32 90,6 1.4 3844
343 50 82,5 2,0 2352
356 48 86,5 1.6 2568
400 37 91,0 2.8 2156
400 37 91,0 2,5 4292
408 12 68,5 - -
415 34 91,7 2.6 3924
447 g4 85,7 - —-
450 35 92,3 3.4 2203
480 34 03,0 3,0 1004
450 25 94,4 245 36064
500 36 92,9 3.0 3000
525 57 89,2 2.0 c264
536 52 90,2 2.0 1904
624 78 875 2.0 2200
650 a8 02,6 2e7 1016
654 3 93,6 3,0 2524
664 147 7749 2.0 2200
740 42 94,4 3.0 1032
815 107 8¢,3 2.8 3000
1000 107 89,8 3,0 7520
1004 120 88,0 3.0 1761
1268 135 89,8 2,0 2175
1300 1%2 96,5 3.0 gggo
3550 an 0 2.0 A



DRAVING OF HOLDING TANK SHOWING DLIZISIONS
AL VOLULES

20’ | L 75” .
I
D .
° \fo
I B r
gﬁr
- /0’ | ro’ 2’
T Vol., ¢ 12 x 20 2 240
39 x 20 : 780
4 x 10 ¢

-39
1060 of
(Assume 1! free-
~ board) 15 x 20 2 300

Haxirmum Volume ¢t 1360 ef
(required volume : 1070 of)

Volume of tank assuming one foot freeboard equals 1360
oubic feet, The tank was given a hoppered bottom to prevent
any aoccurulation of solids on the sides, The draw off pipe
was placed in the center so the exit is flush with bottom
of the tank, The drawoff pipe runs to a pump set in the
bottom of a well st the same elevation as the draw off pipe.,

The tank 1s also provided with two lengths of air pipe,
each 18 feet long to keep the rew waste in a fresh condi=
tion, A wvalve on the line pernits ad justment iIn the amount
of flow,

The rsw waste pump 1s of the centrifugal type, The pipe
line from tank to pumnp was designed to glve a veloecity of
215 feet per second at the p_oint‘of discharge, into a mixing
box 10% feet directly sbove the punp, A pipe 2 inches in

- 16 -



diameter was used to give this veloocity and thereby provide
turbulence for the mixing of the chemicals in the box.
The calculations for the pipe line and the horsepower

required follow:

Pipe friction

=120
£=0,033*/pec,

h=1£1/4 x V/2g
_ 0,033 L Vo/2g

E~nTrey

2 12 e PumpP
- 0,198 L(VZ/2g) Nt |
'3 :25 g.p.m. = 000556 c.r.s.
Vv=2¢/sec, Item V2/2g

Use a 2" pipe

Entry 0.10
A=0,7856 x (2/12)2
=0,02182 30 Bend 0,50
v=n/A 12,5'Pipe 2.50
_ 0,05%56
= 0psIne 10.5'Pipe 2,30
=2.55'/sec.
Discharge 1.00
v2/2g — (2.55)°
64.4 ’

Friction head = 6,40 x 0,101 = 0,646*
Static head = 10,50
Total head =11,146°
Horse power of pump required, (assume 507 efficient)

330000 x 0,50

Assuming motor is 857 efficient -~

H.Po—0,1448 _ 00,1700 Uge & 1/4 H.T, motor

0,85



13xing Box and Chemicsl Feeders:

The velocity from the centrifuszal purip unon discharge
into the mixing box gives sufflicient turbulence to the wvaste
so that the 1ime end fsrric chloride which are sdded at this
point are kept in constent motion,

The box is of rectangular croass-section with a GO desree
V-notch outlet at one end,

fpount of Lire:

The lime 13 applied by means of an electrically
vibrated feeder manufactured by the Jéffry-Traylor Co,

The eapacity is rcgulated by means of a ealibrated diel

transformer, Lor this installation it 13 to be sect to

deliver 100 ppn or 1.25 pounds per hour,

Q@ ¢ 25 Gallons per ninute
lpm ¢ 8,34 pounds per million gallons
5 6 sq
1,000,000 ? 1,25 ibs./hoyr

The fecder can be provided with one, three, or
Tive cubio fect hopper enpacities, furnished by the
manufacturer,
Amount of Ferrio Chloride:

A 40% solution of ferric chloride is to be ap=-
plied by means of a siphoa sct to deliver 30 ppm or
0,375 pounds per hour,

1,000,000 *%£ 3 0,375 1lbs,/hour

.375 x 1000/2/2 : 170,5 grams
A 40% solution is used:

170,5/.40

o0 &0



170.5/255,5 = L677 grams per cubic centimeter
255,5/60 = 4,26 c¢o per minute
o677 X 4.26 x 2,2/1,000 x 60 = 0,375 i per hour,
Therefore, the ferrie chloride siphon is set
sn that it dellivers 4,26 cubic centieters per nin-
ute, with a oconstant flow of this emount, a five
gallon bottle is of suffieient capscity to allow
a run of six days before refilling.
1 gallon = 3,785 cubic centimeters

5 x 3,785 -
4.76 x 60 x 12 _ ©.18 deys

Gravity Flow to ler~tion Tenk:
The milk waste flows by gravity from the mixing tank

to the acsration tark, It is carried by means of a 60° tri-
angular trough with a side of one foot in length attached
to the outlet at the end of the box, The trough has a slope
of 3 foot in ten fect from the mixing dbox to the return
sludze pipe, 4t this point, the trough changes its dircc-
tion 90° and follows the wall of the acration tank to with-
in one foot of the end wall where the waste is discharszgzd,
This slope of the trough and the 90° bend provides a hye
draulie purm effeot so that the midk waste chemlecals and
return sludee should be well mixed upon discharze into the

.aeration tank,



Leration Tank:
The capacity of this tank is desisned so that there
is four hours retention.
4.0 x 25 x 60 equals 6000 gallous
Twenty~-five percent of the total flow i3 allowed in the
aeration tank slso for return sludee.

6000 plus 1500 equals 7500 gallons

P

7 +43 equals 100 cubic feet required.

o %

.

T

20’ __4 ‘ &' -3 |
Vol, 8 x 6.25 x 20 ¢ 1000Cc?
Assume 1 foot freeboard

20 x 6,25 : 125
1125 o, T,

The seration tank vns made rectangular, and the ssne
in depth and length as the holding t=nk to nnke possible the
use of a comrion wall for the two tanks. The total volunme
of the tank including one foot freeboard is 1125 cublc feet,

Previous exreriments showv that a quantity of air equal
to 5 cubic feet per gnllon give the best results, with 15%
of the surface area provided as aseration area,

The diffuser pipe used in the experiments were of 138"



lengths perforated with 3/8 inch eircular openings., Each
length of pipe was wreppod in oloth fabric of the following
dimensions:
width=4" x i% L por 1.5 of pipe.
Length = 18*
* 3¢ of pipe.

Surface area of tank = o'
20 x 6,0 = 120

157 of surface ares is for seration -

120 x 0.15 =18 sq. ft,
18 x 3=54 <ft. of fabric covered pipe required.

Three lines of 13 " pipe at 18' per line were placed
at the bottom of the tank, A header was plssced above the
surfaece of the tank as shovm in the sketch,

Heqoce

Union

The header is provided with valves, so that each line
of air pipe may be regulated separately, or be removed for
repairs without interrupting the operation of the others,
Two air meters were placed om the delivery line from the air
compressor so that the quantity cf flow may be measured for
the aeration tank and the air 1lift,

The effluent from the aeration tank flows into the set-
tling through a triangular outlet loest 4 disagonally op-
posite the point »t which the waste enters,
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Setiling Tanlkes
The settling tank 1s desisned for a retention period

of one hour,

25 x 60 x1 ¢ 1500 gallons

A llowing 25%, or about 400 gallons for the sludge which
is being continually reciroulated back with the raw wsste,

2000 gallons cspaclty 1s sufficient.,

2000

743 equals 267 cubliec feet requlired

e /5’ ol 7’

- i D
®
1

The tank is designed with hornrered bottom and small sump

at bottom of 2 cubic feet capacity., +#n sir 1ift pipe 1is used
to 1ift the settled sludze to the surface where it is dise

charged into the raw waste as it flows to the aeration tank,
Jﬁ‘.lx Lz: E:

25% of the flow is reeirculated into the raw
waste by the air 1ift

ng_fi___.G.Zs sop.m. = 0'0139 c.f.!.
4

Try a 2" sludge pipe A

0.,01228
» = }1/2% air *» A

0.00136

V=0/A = 0,0139 —0,0139 _— 1.,25%/sece.
0.01228 = 0,00136 0.01032



The air pipe 1s placed within the eduction pipe.

The arount of air for the 1lift i3 rezulated by a valve
placcd betwecn the delivery pipe end the main line, To take
care of excess sludge, a sludse pipe was placed at the top of
the eduction pipe to oarry the exnzss off where it can be
discharged or hauled away, A valve wos placed on both lines
80 that the flow of sludge through each may be regulated,

The elevation of the water surface in the aeration and
settlinz tenks 13 kent constant by a reetansular welr placed
on the dischar—e side of the scttling tank, <The supernatant
effluent discharges over the weir into a srnll flune which in
turn discharces into a weir box and thence to the strean,

The weir box will enable measurement of flow so that the

purping rate from the holding tank rnay be knowm at eny time,

DETERLTATION OF coutT
Co e by rantion Flr :

(1) Holding and settling tanks: 2005 cu.ft.
(assuning a wall 10* thick)

(2) Filtor base and wall (1" thick) 1810 cu.ft,

Covering of holding tank 2215 cu.ft,
vas assuned 6" 27

141.5 cu.yd,
C Biccher Flant:
A1l vialls and floors 10" thick
liolding tank ocover 6" thick
velr and mixing boxcs 6" thick
Total volume required 1647.7 cu.ft.
61.0 cu.,yd,



COST OF FILTRATICN PLA NT

Item Quant ity Unit . Amount
Price
lixeavation 340 ou.yd, ¢ 1,00 & 340,00
Reinforoed Concrete
and forms 141,5 " 50,00 4250.00
4" C, I, Fipe 76,3 +60 46,00
4" 90° Bends 9 1.25 12,50
4" 45° Bends 1 1.25 1.25
4" Gate Valves 2 50,00 100,00
4" x 4 x 2 Tees 2 1.25 2.50
Valve Stands 2 20,00 40,00
230 gpm Furp and Liotor 1 400,00 400,00
20 gpn .on " 1l 150,00 150,00
Rotating Listributor 1 150,00 150,00
Split drain tile 200 ¢ »10 20,00
Briock 200 $15./1000 3.00
6" Tile Urrights 54 +40 21,60
F{lter Stone 187 ocu,yd. 3.00 561.00
iZleotrie WWiring 75,00 75.00
$ 6172,00
Continsenoies : 157 925,00
Estimated Total Cost $ 7098,.85
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COST OF BIOCILIICAL TROATIENT PLANT

Item Guantity Unit Amount
Price
Excavation 200 ou, yd, % 1,00 § 200,00
heinforced Conorete
aqd foims 61 cu, yd. 30.00 1830,00
4" Gate Velves 1l 50,00 50.00
25 gom pump and motor 1 150,00 150.00
Air meters 2 75,00 150,00
Alr comprcssor l 250,00 250,00
1i" 4ir Fipe Galvan. .150° J14 21,00
1:i" Brass Velves 6 6.00 36,00
1:" Elbows 5 90 1.50
%igenggder ;s 130 2,40
s /1 125,00 125,00
2" Pipe 46" : 25 11.50
Conorete-Trianzular f‘ ’
Trough 75 cu, yd. 30,00 22,50
4" C, I, Fipe 17,5 «60 10,60
4" 90° Bend 2 1.25 2,50
J 2662,90
Contingencies: 15/ 400,00
Lotimated Total Cost: ¥ 5062,90
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OPLERNTEIC COSTS

I Rnte F on:

(1) Depreciation:

£ 1life of 20years 1s assumed with Cepreciation
at 55 per yenar.

$7097.85 x 0,05 : $ 360,00
(2) Labor:

The 1nbor required amounts to about two hours per
dey, 4ssuriing 41,00 per day, 1 x 365 365,00
(3) Furping costs:

The raw waste pwip is the larzest item, UCost of
electriclity is assuried to 2 ecnts per kilowatt hours,

For a 3 U, P, purp,

3 X o746 x 24 x 02 x 365 ¢ 392,00
Sludge purping costs: 8.00
Total oversting cost: $ 1125,00
B criicnl Trentment:
(1) Lenrocintion: et 12%
12 x $3062 3 $ 366,00
(2) Lator:
Aprroximntely % day by skilled oper-
etor. v100 per month.
¥]100 x 12 : 1200,00
(3) Lime: 1.25 # per hour: 12 hour
operation,
1.25 x 12 x 6 x 52 ! 4675 lbs.per
o year
4625/2000 ¢ $18,/Ton in secks 42,00

(4) Ferric Chloride: 0,375/ /lr,

04375 x 12 x 6 x 52 3 1400 #/YrS .07: 93,00
wD B



(5) Fwming Cost:
& 402 per kilowatt hour

For a 2 horsepower motor,

2 X J746 X 24 x 02 X 565 : $ 260,00
Total Operating Cost: $ 1966,00

CO.. T4 I30u OF DUTILS

(1) Threc to four wecks is rcquized to dovelop the
filter orgenisns, To ald in building 1% uwp, a vwricr extract
of manure ney be used.,

(2) Composite samples should be eollected end anclysed
OQCgsionally to deterniine the strength of the weste applied,
If 1t becones too strong, provision rnust bve mnde for diluting
it vith elcan water,

(3) The holes of the disiributor arms rust be nade

¢lcon oecasionally.

(1) 4 trained overastor should be at hend at lerct half
of the Gay. Ile shecurld run tests and enalyses occasionally
to cheelr the efficicrey of treatrent,

(2) The holdlng tonk must be conrletely emriticd once
ecech Gay to prevent zeptic conctitions, The valls should be
vashed with vober onco a vecl: to prevent septiec ections,

(%) Row waste should be kept fresh by rescing a srall
aqu-ntity of air into 1t.

(2) The lire fecder should ba maintained to deliver
1.257 per hour at a pumming rate of 25 gpm,
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(5) The ferrioc chloride siphon should be set to de-
liver about 4 cubic centimeters per minute.

(6) The emount of air delivered to the seration tank
should be 5 cubic fect ver gallon or 125 cu.ft. ver mine-
ute when pumping at 25 gallons per rinute,

(7) The sludre in the setling tank rust be kept moving
into the acration tank, If an accwulsation of sludge
ocours septic conditions will develop which niay unset
the process.

(8) Suspendcd solids in the aerantion should be nmaintained

at 3000 PePells

COLPARISCN O ADVANTAGLS

, , Liverage
Treatment First Operating Cost  Reduction
Cost Per Yeoar B, 0, b,
Filtration $ 7097.85 3 1125,00 91.8 %
Biochemiecal 3 3062,90 3 1968,00 89.2 %

From the comparison of duties it is evident that the high
rete filtration process requires the least attentibn for ef-
ficient operation, <“he first cost of this plant is twice that
of the biochemical trestment, but the operating costs of the
latter is higher since nuch nore attention is required to maine
tain the proper provortioning of chemicals, wnste, and air,

The avernge B, 0, U, reduction is about the same for ench

plant, both proecesses bteing very efficient,
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