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Present Sewer System

Charlotte is served with a separate sanitary sewer
system. There are an undetermined number of roof gutters
connected to this sanitary sewer. Immediately before
entering the plant, the sewage can be diverted directly
to the river by means of a man hole at the plant site.

Nearly 100% of the city is connected to the. sanitary
sewer, which operates completely by gravity. The entire
sewage arrives at the plant in a single 18" conduit.

The Present Sewaze Treatment Plant

General Description

The Charlotte sewage treatment plant is of the primary
type, consisting of a bar rack, primary settling tank, float-
ing cover sludge digestor, and glass covered sludge drying
beds. The effluent from the settling tank discharges into
the Battle Creek river.

The present plant was built and placed in operation in
1934, 1Its purpose was to remove. part of the suspended solids
and discharge the remainder of the suspended solids and dis-
solved solids into the river. This type of plant should
remove about 30 to 50 percent of organic solids. This, ob-
viously, leaves the preponderance of the solids to be dis-
cherged into the river. Additional treatment 1is necessary
to stabilize the organic matter, making the effluent such
that it will not polute the river.
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Detalled Description

The sewage enters the plant site in an 18 inch sewer,
discharging into a manhole from which it can be diverted direct-
ly to the river or can be passed through the plant. If sewage
is passed through the plant, the sewage enters the control
building through an 18 inch sewer and immediately passes through
a rack, which has clear openings of one inch. The sewage then
passes out of the building in an 18 inch sewer and emptys into
the primary tank.

The primary tank is 47 feet long, 14 feet wide, and has a
10 foot depth of sewage. The floor of the tank slopes down
toward the influent end of the tank where are located hoppers
for the accumulation of the sludge. The sludge is brought
down the sloping floor into the sludge hoppers by means of a
scraping and skimming mechanism. This mechenism is power
driven and consists of two endlese chains to which are fastened
wooden flights which move along the bottom and along the sewage
surface in the tank. The 3ewage is distributed when entering
the tank by means of an adjustable wooden baffle placed immed-
iately in front of the influent pipe. The sewage then flows
to the other end of the tank where the effluent flows over a
weir into the effluent channel from which 1t passes into a
15 inch pipe and is discharged into the Battle Creek river.
Near the effluent end of the primary is the scum trough. The
scum is accumulated in front of the scum trough by the skim-
ming mechanism. This scum is perlodically raked into the scum

trough from which it is flushed out by a hose into a pit from



where it is pumped to the sludge digestor. The sludge col-
lected in the hoppers is pumped by a sludge pump through an
8 inch line directly into the sludge digestion tank, and 1s
pumped twice a day for approximately thirty minutes at a
time.

The sludge digestion tank round, has a diameter of 28
feet and accommodates a 9 foot depth of sludge. It has a
floating cover which rises and falls with variations in the
amount of gas produced by decomposition of the organic matter
in the sludge. As the sludge is pumped into the digestor, 1t
displaces an equal amount of supernatent which can be taken
from any desired level by means of pipe arrangements in the
tank. The supernatent from the tank 1s passed into the raw
sewage manhole at the beginning of the process.

A glass covered sludge bed has been provided for the
drying of the digested sludge which has an area of 3700
square feet. The sludge from the digestor flows by gravity
to the sludge bed. The sludge bed coneists of a graded sand
and gravel floor underlaid by tile which conducts the liquid
from the sludge to the effluent pipe of the primary tank.

The gas that collects in the digestor is piped to the
control building where it 1s burned for the purpose of
heating the digestor tank and control building. There is
also provided an oil burner that can be used in cease the

gas produced is insufficient.



Treatment Accomplished

A primary treatment plant of this nature can be expected
to remove from 30 to 80 percent of the organic solids and
this plant removes less than 20 percent of the solids.

Chemical analysis of the influent and effluent of the

plant are given in Table No. 1.

Table No. 1
Chemical Analysis

April 18, 1942
(Values in p.p.m.)

Suspended Loss on Total Loss on 5 Day
Solids Ignition Solids Ignition B.O.D.
Influent 188 133.3 886 343 338
2 PM-1 AM .
Effluent 99 88 860 339 188
3 PM-1 AM
% Reduction 41.1 36.3 38.3
Influent 134.8 108.8 586 393 138
3 AM-1 PM
Effluent 83 73 545 378 87.3
3 AM-1 PM
% Reduction 33.3 33.8 51.6

The following tabulation, Table No. 3, gives the values
of different types of sewage and the average of the Charlotte

plant.
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Table No. 2
Strength of Sewage
(Values in p.p.m.)

Total Loes on Suspended 5 Day

Iten Solids Ignition Solids B.0.D,

Weak Sewage Less than Less than Lees than Less than
850 335 175 150
Medium Stg. 800-1000 300-500 150-350 135-335
Sewage

Strong 250 plus 450 plus 325 plus 2300 plus
Sewage
Charlotte 840 310 148 180
4-16-1943 '

The values in Table No. 3 shows that the sewage is of a -

weak to medium strength.
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I'amn1rtion

£ny serace vlont must be desinsed to hordle the antieircted

£lov for anne future drte, A comiom nreretice is £9 decirm on

tde

the brois of the nomml~tion eviected in trwenty veors,

T.IDTE 3

TOYULATTON O CIUARLOTTIN, LIt COounity

Yeor Fornlation
1790 o807
1900 4793
1210 40386
1000 5126
1040 5307
1940 0H44

In table To. & in aho'mn the monulation of Charlotte for
the lrst A0 vears, These valuves vere nlotted on 2 pranh snd
the curve evtended to include the year 1962, 2s shomn in Fir,
Ho. 1. Accordin~ to this curve the porulation ghould be 6110

in the vecr 1062, This is a relatively small increncse for the
trenty venr neriod. Charlotte et the nresent is a tvniceol sm2ll

rural cormimity, vith several industries beins rresent. Althourh

the ronulation of such corrmunities is is fairly constsnt, there

=
0}

alvays a possibllity of one of its industries evnonding, or
.of nev industries beins develoved, vhicli could cause a larre
ponulation incresase. I'or this reason it is advisable to arbitrar-
ily add a safety Tactor to the future ronulation estinate. The
1962 ronulation vms therefore estinnted to be 7000 nersons, as

a desirn basis,



TABLIE 5

Cherlotte Sevwore Flow on Avpril 16, 19472.

Tire 1loirht L - .oh Ilend C.7.5. G.P.I1,
o HI 2,07" 7o 50! 900 204
3 2.07 .72 .52 <900 404
4 2.08 .72 .51 .878 794
5 2410 .70 .49 a1 369
6 2,09 .72 .50 .849 z31
9 .11 .72 .48 768 754
8 2,13 7% .26 759 741
9 .17 .74 .42 .673 nop
10 2,15 .73 A4 708 318
11 2.18 .74 .41 .646 291
12 2.12 .73 .47 .781 551
1 NI 2,18 .74 .41 <646 291
o 2.01 .74 .38 577 259
3 puna .75 .55 518 £33
4 2.06 .75 .53 472 212
5 D elB 75 e 473 212
6 £,0 .75 ) <495 c02
7 .15 .73 .46 759 741
8 0,00 .75 .37 562 252
9 2.15 73 44 <708 c18
10 2.11 .72 A8 786 %54
11 2,08 72 51 .878 594
12 2409 .72 .50 .849 501
1 Fl 2,06 .72 .53 925 415

Averare Flow = 525 G.PJle = 468000 ral./dey.
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HSermeoa Mo

Charlotte hes o sencrote sanitary sever gwystert, The sevarce
flovr is derived Trom the mublic v=ter sumnly, rround vmter in-
filtretion (if Pny), and runoflf from vonf rutters durine storms.
Table Ilos 4 shovm the voter purmmarce for the vear 1947,

TrBLE 4

‘inter rummece Record for 1941

ilonth ral, [day ionth rel,/day
Jan, €£47000 July 861700
Feb, 653000 Aur, £96000
Ilarch 692200 Sept. 757000
anril 663700 Oct. 732000
iy 687000 I'ov. 704000
June 709000 Dec. 650000

Table llo. 5 shovs the ricasured serare flow et the plant on
Arril 14, 1942, As »ill be noted, this menanred flow is consid-
erably less than the nomal vvater mrmare records. Since 2l1ll of
the sevare masses thru the olent, this indientes that there is
either en error in the »=ter nurmere records due to excessive
slinprre, or there are importent leaks in the vuter distribut-
-

ion svsten.

liethod of Treatment

Present nractice erions sanitary encineers is divided be-
tveen tvo cystens of finnl treatment of sereapre, One is the act-
ivated sludre process, end the other is the tricklines filter

DTOCESS



1. .

Since the desirnine enmireer is vsunlly faced vith the
necessity for desiding vhich of these methods to use, both
PREE A
types of treatnent vill be investicated in the followins treant-

ise in order to afford 2 comnarison of the reletive merits of

each.
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Trickling Filter Process

The Trickling Filter process is the treatment of sewage
by applying it upon a bed of stone in order to obtain oxida-
tion of the organic matter in it. There are two types of
trickling filter processes, the standard rate and rapid rate
filter. The standard rate filter is, up to the present time,
the most widely used of the two, and in this type of filter
the sewage is applied at a rate of about 300,000 gallons per
acre‘foot per day and does not require the recirculation of
any effluent, while the rapid rate filter applies between
36,000,000 and 30,000,000 gallons per acre foot per day and
has to recirculate at low flow the necessary effluent to
maintain this rate. The trickling filter is an oxidizing
device, whose function is to oxidize as much as possible
the organic matter of the sewage. This is done by applying
the sewage as uniformly as possible over a bed of stone of
various sizes ranging from 14 to 3% inches in diameter which
ere placed in a bed 6 to 8 feet deep. It can be seen from
the large size of the stone that they do not act as & screen
or strainer £or the suspended matter or other impurities of
the sewage. Purification is obtained by the formation on
the stone of & thin organic surface of slime containing bac-
teria. The sewage flows over this slimy surface and the
oxidizing bacteria accomplish the procese of oxidation with
the help of the available air that is in the voids of the
bed. Due to the periodic slushing off of the elimy surface,
it is necessary that the effluent from the filter pass

through a final sedimentation tenk.
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Operation of proposed trickling filter system

In the new system, the sewage will pass through the
coarse racks, as at present, but before it is placed in
the primary settling tank, it will pass through a grit
chamber. The function of the grit chamber will be to re-
move the heavier solids such as sand and gravel that are
washed into the system during heavy rains. The chamber
shall be connected so that during very low flows or when
it is desired to clean out the accumulations of grit, the
sewage may be by-passed directly to the primary settling
tank. The primary settling tank will operate &as at the
present time. The effluent from primary settling tanks
will go into & sump pit where it will be pumped to a dos-
ing tank. There will be two pumps, one that will contin-
uously operate at normel flow and the other will operate
intermittently during high flow. At the sump pit there
will be a possibility of by-passing the secondary treat-
ment if the occasion arises. From the dosing tank the
sewage will be sprayed upon the bed of stone by the re-
actionary type of rotary distributor. The rotary distrib-
utor is considered by pressent day engineers to be the
standard method of distributing sewage in trickling filter,
due to the high degree of efficiency obtained. The sewage
will pass from the filter bed to the center of a round
final sedimentation tank. At the center it will flow from
the bottom of a vertical pipe with a radially outward and

upward direction to the welr on the outside of the tank



TF 3

and then into the effluent channel.

The vertical-flow tanks are particularly adapted to
the clarificatiom of the effluent of trickling filters,
due to the reduction of contact time between the liquid
and the sludge. If contact time is quite long, the sludge
reduces the quantity of dissolved oxygen from the effluent
whioch is not desirable because a high dissolved oxygen
eontent in the final effluent is one of the goals in the
treatment of sewage.

From the final sedimentation tank, the effluent will
go through a chlorination tank. The chlorination tank will
be designed so that the sewage may pass directly through
without chlorination, or may go around the baffled tank
and be chlorinated when desired or directed by the State
Health Depertment.

The sludge in the final tank will be forced by a mech-
anical scrapper to a pit at the center and may be removed
without emptying the tank, therefore, making it a continu-
ously operating unit. The sludge from the final tank is
returned to the influent channel of the primary settling
tank. It will then go through the complete process agein,
with the majority of the final tank sludge settling out in
the primary tank. The sludge from the final tenk will be
delivered to the primary influent by gravity due to the
hydrostatic pressure existing above it.

The sludge from the primary tank will be pumped into
the sludge digestors. The sludge digestors shall be con-

neocted together so that they may be used in parallel or
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gerles as the plant operator desires. The new tank shall
have a fixed cover and the floating cover tank shall act
a8 gas storage for both. The digested sludge will flow
by gravity from either tank into the covered sludge bed

or the new proposed open sludge bed.
Summary of Design Date

Grit Chamber

The grit chamber shall have a velocity of one foot
per second and a detention of one minute, therefore, the

length will be 60 feet.

The area required for an average flow is A = .915 =
1
.915 square feet, with a width of 12 inches, d = ,Q15 =
1
.215 feet.

Primary Tank .

The present tank will be used without any changes.
With a design flow of 593,000 gallons per day, the detention
period will be T = %%88 = 2 hours end 14 minutes. As recom-
mended in Metcalf and Eddy, Page 573, the surface aresa,
A= 5333%99 = ©00 gallons per square foot per day, will be
sufficient.

Sump

The sump shall have one pump operate continuously at
average flow and an auxiliary pump operate at higher flows.
At the average flow, a pump of size = 593,000 = 400 g.p.m.

34 X 80
shall be required. The auxiliary pump shall be 618 - 400 =

218 g.p.m. and for a safety factor a 350 g.p.m. pump shall
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be used. The sump will be squere with 6 feet on a side. The
400 g.p.m. pump shall have a drawing depth of 14 feet, and
the 350 g.p.m. pump a 1 foot drawing depth.

At average and maximum flow the 400 g.p.m. pump shall
operate continuously, while at low flow, it will operate
for 2 minutes and 5 seconds, and be off for 1 minute and 58
seconds. The 350 g.p.m. pump will operate for 3 minutes

and 4 seconds and be off for 44 seconds at maximum flow.

Siphon Tank

The siphon tank will be square and have a surface area
of 100 square feet. In order to have the siphon tank empty
at maximum flow, the maximum flow will be increased by 30%.
The discharge from the siphon will then equal 1.38 X 1.2 =
1.66 c.f.8., and the tank will have a drawing depth of 3
feet. This tank will empty in 3 minutes and 40 seconds when
400 g.p.m. is entering and will fill up sagain in 5% minutes.
At an inflow of 750 g.p.m., it will eapty in 8% minutes and
£111 up again in 3 minutes.

Fillter Bed

With the normal rate of arplication of 300,000 gallons

per acre foot per day and & 7 foot depth, the size of filter

= 592,000 x 43,560 = 128 feet.
will equal D \[3UUfUUCr§TVF§777854

Using a 4 arm distributor, Q per arm = Z%§ = 186 g.p.m.

With a 3 foot net head and 7/18" orifices, the number of

orifices =§ﬂ%§% 18 = 38. The area being covered by each
L]

orifice will equal .7854 ( 138° - 93) = 345 square feet.
1
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Final Tank

The final tank will have a 2 hour detention and be of
a olrcular type with sludge removing mecﬂgiism.

= 593,000 x 3
Volunme "~ 48 2% = 86590 cubic feet.

o . ik . " jV4 x 6590  _
ze of unit with a 68.681' average depth, 4 3.14 x 68.61

35.4 feet.

Chlorination Tank

This tenk shall have a detention of 20 minutes and &
velocity of .1 foot per second.

Volume = .915 x 80 x 30 1100 cubic feet.

With 6! depth, A = 1%99 = 183 square feet.
Size will equal 13.5' x 13.5!' x 8! with baffles epaced

at 1.53 feet apart.

Sludge Digestion Tank

2
Volume of present tank = 2X28:% y 3,14 2 5660 ou. ft.,

Thie 2llows for a volume of .81 cubic feet per person, which
is not considered sufficient.. Using a desired 3% cubic feet
per person, the volume will equal 17,500 cubic feet. The dia-

meter of the tank necessary using a 15 foot depth equals

x 11 840 -
VSR 33 feet,

Sludge Beds

The present beds, which are glass covered, have an aresa
of 3,870 square feet. This ares wiil serve 5,340 people and
the additional area required will be 7,000 - 5,340 = 18480
squere feet. With two beds at 15' x 55' this is accomplished.
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Heating Equipment

Additional heating equipment will be installed in the

present building that will utilize the gas produced in the

sludge digestors.

Meter

A venturi meter will be installed tetween the suxp and

eiphon box and will be connected to a continuous recorder

giving a record of plant flow at all times.

Leboratory

The present plant does not have any laboratory equip-

ment. For efficient operation it will be necessary to in-

stall laboratory equipment.

Miscellaneous

There shall also be instelled a switch board, temper-

ature recorder for sludge tanks, end landscaping.

Cost Estimate
Grit Chamrber

Concrete - 3 cu. yd. @ £35.00
Excavation - 7 cu. yd. @ $1.00

Sump
Pump - 400 g-pcmo

Pump - 350 g.p.m.
Concrete - 15.85 cu. yd. @ $35.00
Excavation - 28.5 @ §$1.00

Sump Pump

105.00
7.00

800.00
300.00
554.00
38.50
40.00

112.00

1,522.50
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Filter Bed

Concrete - 383 cu. yd. @ £35.00
Excavation - 926 cu. yd. @ $1.00

Drainage Tile - 12403 sq. ft. ©$.30.

Ballast - 3310 ocu. yd. @ ¢$3.50
Rotary Distributor

Final Settling Tank

Concretes - 53.1 cu. yd. @ £35.00
Excavation - 373 cu. yd. @ {1.00

Mechanism

Chlorination Tank

Concrete - 18 cu. yd. @ $35.00
Excavation - 53 cu. yd. @ $1.00

Digestor

5
Excavation - 505 cu. yd. @ $1.00

Sludge Bed

Sand - 73 cu. yd. @ $1.50
Concrete - 13 cu. yd. @ §35.00
Gravel - 147 cu. yd. @ £1.00
Underdrains - 150t @ $.10

Miscellansous

Venturl Meter
Laboratory and Office Equipment
Piping end Valves

13,890.00
936.00
3,480.40
11,2340.00
1,400.00

1,860.00
273.00
900.00

8630.00
53.00

4,380.00
505 .00

110.00
455.00
147.Q0

15.00

800.00
200.00
700.00

28,7368.40

3,032.00

683.00

4,885,00

727.00
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Landscaping 4C0.00

Electrical 600.00
Heating Equipment §00.00 3,500.00
Engineering and Contingenciles 5,000.00
TOTAL PLANT COST . . . . . . . 58,493.680

Operating Costs
Cost is based for flow of 500,000 g.p.d., and cost of
electrical power at §.02 a K.W.H.

Power - Kilowatt Hours

Sewage Pumps - 3 H.P. at 85% efficiency.

K.W.H, z 778X 21 X 83.4 . 54 54
Raw Sludge Pumps-3 H.P. @ 3 hours day 7
Final Settling Tank - 1 H.P. @ 24 hours 18
| TOTAL POYER « .« . . . . . . . 79 K.W.H.
Cost
79 K.W.H. @ £.03 = $1.58 per day $ 577/ yr.
Operator 2,000.00
Miscellaneous 200.00

TOTAL YEARLY COST FOR OPERATING . .§ 3,777.00
Plant Cost @ 4% 2,340.00
TOTAL YEARLY COST . . . . § 5,117.00
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CONCLUSIONS

The foreroines analvsis shows that the trickling filter
plant vould cost ;58492 to build, vith a total yecrly canital-
ized cost, includine overation, of 5147, whereas the sctivated
sludece plant vould cost /73636 to build, vith a capitalized
and operating cost of ;5400 per year. In other words, the trick-
ling filter plant vould be rmuch rore costly to construct, but
the activated sludre plant, due primarily to the electricity
consured by the aerators, vould be rwuch riore exnensive to on-
erate. It should be recornized that the true cost of the pro-
ject is revealed by the canitalized and operating costs fir-
ure, viiich gives the total yearly expense of the nroject over
the desien period of tventy years. liovever, to construct the
trickling filter plant vould necessitate an additional cani-
tal of $24856, vhich mifsht eesily be prohibitive.

Another factor to consider is that vhereas the trickling
filter plent may be expected to produce an effluent with a
B.0.D. of less than 20r.v.m., the activated sludrse vnlent
should reduce the B.0.De. to less than 12 p.p.m.. 2ither of
these results vould be satisfactory.

The trickline filter plant has an advantare over activat-
ed sludre in that it i1s leas likely to be upset by an unusual
condition of the sevmre, Often such conditions from the waste
conine from certain industries,the presence of vhich is in-
possible to foresce. Aiso, ectivated sludee plants renerally
reouire rore skillful opecration than do tricllines filters.,

The above mentioned factors, taken into consideration




-10-

vrith the financial eondition and policy of the ecortmunity in
auestion, should enrbdle its rovernine« body to corie to a decia-
ion ns to hich tyre of sevrre treatrent plont is the ore

satisfactory.
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