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INTRODUCTION

In recent years there has been a movement in the United
States toward developing suburban housing units some distance
from existing cities and their utility systems. Wwith the advent
of mobile home parks, the Midwest has experienced increasing
movement away from city centers. These two trends have brought
about an increasing need for small capacity waste treatment
systems. Too often in the past; mobile home parks and housing
developments have utilized separate septic tanks for each Tty
regardless of the soil conditions and in spite of limited lateral
field areés. Now that developers are being held responsible
for providing proper waste disposal and meeting tougher effluent
standards, there has been increasing interest in the extended
areation activated sludge treatment process.

Only three extended aeration plants were in use in the
United States in 1950; however, by 1963 the number had lncreased
to almost 3,000 (33). The extended aeration process has been
used in small factory built plants as well as iarge municirpal
installations (6, 12). It has gained in acceptance and use as
reguirements have grown for a process that can handle varying
flows of influents and still produce a high level of treatment,
Using this process, biochemical oxygen demand (BODE) removal effi-
ciencies as high as 95 nercent-and above have been recorded (7,

23, 36). The extended aeration process can accept periodic
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(intermitten*) licadivcs without becoming ursget. Comrlete
mixing of the tark contents and a large aeration volume furnish
a stabilit: +1at few other rrocesses can equal (7, %).

The extended aeration activated sludge plant is normally
designed cn *ne basisz of BOD loadings in the range of 10 to 40
pounds ner day ver 1,000 cu ft of aeration tank volume (7, 22,
35). The aeration reriod is the longest of ahy activated
sludge vrocess, having design aeration basin detention times
of 24 hours or greater. The suspended solids of the mixed
liguor (MLSZ) will vary from 1,000 mg/l to 10,000 mg/l as the
BOD,. loading anvlied to the process varies. As the active
biological solids underge endogenous respiration, the slow
increzse in susrended solids concentration in the mixed liquor
allows periodic sludge removal, which often eliminates tne need
for on-gite waste activated sludge disposal'facilities.

Extended aeration rlants have recently filled a need for
high efficiency treatment of small volume wastes from schecols,
housing develovrents, trailer parks, institutions, and small
communities. They also lend themselves to factory bullt designs.,

The operation and monitoring of an extended aeration acti-
vated sludge plant built for a developing community, Timber
Creek, near Ysnnattan, Kansas, is the basis of this research.
This treatment plant has operated since the summer of 1972. The
main objective of this research was to study overational problems
encountered in the initial start-up of an extended aeraticn
plant, and monitor the initial treatment efficiency obtained

during that pericd. Ir addition, this research studied the



performance of newer system components with respect to the
efficiency they contributed to the overall process. Specific
components studied were the tube clarifier system, the volishing
vond as a final treziment step, zeration by surface aerators,

and vre-chlorination of the polishing rond irnfluent.



LITERATUKL REVIEW

EXTENDED AERATION FROCESS

Extended aeration is a modification of the activated
sludge treatment process. Activated sludge consists of a
biological floc suspended in a liquid medium containing dis-
solved oxygen (7). MNicroorganisms (activated sludge) remove
and convert the organic wastes in two stages. In the first
-stage organic.waste is partially oxidized for energy and par-
tially syrthesized into new bacterial cells. In the second
stage, with ccntinued aeration, the bioclogical cells formed in
the first stage undergo self-oxidation for further energy. The
resultant end product of this process, therefore, consists of

cC,,H.,0, erergy, and inert organic residue (23).

272

Extended aeration proceeds further than the conventional
activated sludge process into the endogenous phase since a
lower organic loading is used and a longer aeration period is
orovided (7, 23, 32, 43), VWith a lower organic loading and a
high microbial solids content in the aeration tank, the food
tc organism ratio (F/¥) will be small, and the syntheslis of
nev cells will be compensated to a larger extent by the auto-
oxidation of the biomass (23, 36).

Extended aeraticn of the sludge mass will not completely

oxidize all the sludsze to carben diocxide and water, resulting



in some net sludge accurulstion, Studies nave shown that there
will be some bilological solids tnat are relatively inert to bio-
logical oxidatieon aﬁd accunulate in the system (3, 7, 22, 22, 25,
30, 38). In a recent study conducted by Gaudy, et al., {15) to
determine the length of time biological solids would continue
to accumulate before biochemical failure would occur, it was
discovered that sludege dces not accumulate "ad infinitum." This
will be more fully discussed in the review of extended aeration
treatment vlants.

In well operated units the microorganisms that vredomi-
nate in the sludge are protozoa, rofifers, and cther metazoa
(3, 36). Various studies have shown that there will be cycles
of growth and reduction of the amount of solids in the aeration
tank, noseibly caused by cell autolysis, lysis by enzymes pro-
duced by other bacteria, cell disruptlon by bacteriophage, and

predacity by higher organisms (15, 36).

EXTENDED AERATION TREATMENT FLANT

Normally, extended aeration activated sludge plarts are
designed on the basis of biochemical oxygen demand (BOD5) ldad-
ings of 10 to 40 1b/day/1,000 cu ft of aeration tank volume.
With these loadings and an aeration period of 20 to 30 hours,
characteristic efficlencies of removal vary from 85 to 95+ per-
cent (7, 23, 36). Most previous plants have been designed with-
out rrimary sedimentation and have followed the aeration basin
with a separate sedimentation basin that has a 100 percent

sludge recycle or greater, long detention times, and low



overflow rates {7, 23). Tor most efficient operation,
extended aeration plants are operated as complete mixing
activated sludze svstenms

A major deficiency of extended aeration has been the
nroblem, encountered by many, of shock leadings and the
increase in effluent BOD5 levels (23, 25, 36). Solids loss
to the effluent during periods of hydraulic overload greatly
diminishes the efficiency of the process. Naxwell (29) found
that the extended aeration process could effectively handle
hydraulic shock loadings by converting the influent organic
load into bacterial cell mass even during short periods of
essentially zero dissolved oxygen. However, he also pointed
out that although extended aeration could biologically handle
the overload, most associated clarifiers could not.

Periodic sludge wasting has been considered necessary for
both eliminating solids build up in the aeration tank and help-
ing prevent deficient effluent quality during periods of
hydraulic overloading (7, 22, 23, 25, 36). Sludge wasting has
traditionally been accomplished through solids loss in the
effluent or a periodic sludge removal process. This accumula-
tion of solids has been considered an inherent characteristic
of the extended aeration process (43). Gaudy, et al. (15)
contend that this is not necessarily tfue. They found that by
using a properly designed sedimentation basin which did not
allow any solids loss in the effluent, the solids would accumulate
until there was a veriod of accelerated autodigestion which

relieved the sclids accumulation. They theorized that the
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decline in solids was not the result of lysis of a portion of
the rorulaticn, but that a portion of the blologically inert

ids fraction was metabolized by an organism (or

(-

volatile so
orranisms) which adarted to this material. To.allow this cycle
to continue, there must be diversitj of the population and the
ecosystem must be a very complicated, ever-shifting one.
Gaudy concluded:

Thé extended aeration process offers a means

of obviating the need for sludge treatment and

disrogal facilities, and results of the present

work indicate that a total oxidation process is

not inconsistent with sound microbiological theory.

One must remember that this reasoning would aprly only to those
wastes wnich had little or no =ilt or other inert material
vresent,

Cne of the most imrortant asrects of the extended aeration
vrocess is nitrification and denitrificatiﬁn. On a.benchaécale
study, Ludzack (22) found that nitrification took place at all
temperatures tested, although below 5O C beth nitrification and
denitrification were very low. At 10° ¢ or greater, complete
nitrification may take place. Nitrification is the conversion
of ammonia nitrogen to nitrite and nitrate nitrogen which occurs
naturally with a large excess of air and low organic loadings.
It may be considered both an advantage and a disadvantage of
extended aeration. The advantage is that 1t provides a more
comrlete treatment to the wastewater by removing the ammonia
which would still exert an oxygen demand in the receiving
water. Denitrification is the anaerobic reduction of nitrate
nitrogen to nitrogen gas. Nigrogen gas entrapped in the

activated sludge of a sedimentation basin roduces rising



sludge. A decre:zse in vl In tne aseratlion tank, and rising
sludege in the set*1lin: tasin are the frenuent »roblems

associated with nitrification/denitrification (27). PFhillai,

Ul

et al., (36) sugszest the following methods to prevent solids
loss from denitrification:
l. Control the oxygen levels in the aeration tank.

2. Allow a snort detenticon time in the sedimentation
tank.

3. Maintain higher oxygen levels in the sedimenta-
tion tank.

L, Use za skimming device to remove tane floating
sludge for return to the aeration tank.

Colifdrh remcvzl has always beeh of extreme interest for
varying plant designs. lYorris, et al. (33), in a study of two
extended aeraticn vlants, observed the coliform reduction to
vary from 43 to 99.7 rercent. The coliforms in the .eifluent
ranged from a minimun of 2,700 to a maximum of $,820,00C/1C0 ml.
The lowest reduction occured during veriocds of storm flow as
the increased flow carried solids into the effluent. In another
study of the extended aeration sewage treatment plant at Harahan,
Louisiana, corducted by Shaver, et alu.(43) excellent overall
plant performance of colifcrm reduction was recorded. Coliform
reductions before chlorination averaged 95.8 vercent (68C/100 ml)
during a three month study veriod, while the overall plant
reduction, including effluent chlorination, averaged 9.8 percent
(16/10C ml). The chlorine residual considered desirable in this
study was 0.5 mg/l. 3Both of these studies indicate that excellent
coliform reductions may be exnected with the extended aeration

DrOoCeSS.



STARILIZATICN EY FOLIGHING rONDS

Numerous studies hzve shown the need for a final stabiliza-
tion of the effluent from the sedimentation basin of an extended
serztion treatment plant {13, 23, 28, 34, 36, 37, 38, 39).
Primarily the necessity of a final effluent with very low
solids content is the factor reauiring a polishing rond. Addi=-
tional benefits that are derived from polishing ponds include
furtner reduction of nitrates, coliforms, BOD, and chemical
oxygen demand (CCD}. Also, they provide an excellent buffer
during times of overload or deterioration of the aerated efflu-
ent (31, 38). Nost investigatiors of polishing ponds describe
the vroblem of algal growth with the characteristic increase in
ef fluent 5CC levels (2, 13, 19, 21, 34, 38, 39, 46, 47). At
first thought to be a serious restriction to the use of
vrolishing vonds, some researchers nave foind the algae to pro-
vide beneficial treatment that may outweigh the BOD increase
rroblems (11, 27).

Potten (28), Rischke (39), and Pillai, et al., (36)
recommend a retention time for polishing ponds of anrroxima=-
tely four days} As Potien noted:

It has been found that the reduction in

suspended solids and BCD is greatest after a

retention time of about four days, but unfor-

tunately this is too snort a time to bring about

appreciable reductions in nitrate or phosphate.

Fall (13), in experimenting with aeration of a retention pond
following an activated sludge plant, discovered that aeration
contributed practically nothing to the removal of suspended

golids and BOD. He also found that the solids removed underwent
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anaerobic fermentation and resulted in & total solids removal

of over 90 rercent. These digested solids in tae bottom of tne
rolishings vond can cencentrate to over three percent total
splide with no asoocilated odor problems nor removal of scum
reauired. In Britain, Cakley and Cripvs (34) described polishing
voncds as one method of meeting the high effluent standards
reruired by the River Authority's statutory suspended solids
requirements for concentrations of 10 mg/l susvended solids and
BOD. However, they stated that short retention times of four
days or less, along with algae control would be required, They
also contended that the standards were intended to relate to the
discharge of activated sludge solids and were inapprorriate to
the limitation of solids having algal content. In any case,

Van Vuuren and Van Duuren (47) found that, through chemical
coagulation by aluminum sulfate or excess lime, algae-laden
polisning ponds with a seven day retention time were very
acceptable to yielding a clear and odorless effluent.

With nitrification and denitrification occcuring in the
extended aeration process, nutrient removal is of significance.
McGriff and McKinney (26), using the symbolic relationship
shown in Figure 1, have developed a process they call "Activated
Alrae." MNutrients are removed as follows:

There are two mechanisms resgonsible for

the removal of nitrogen in the activated algae

process, namely, Metabolic assimilation and

ammonia strirring. Fhosrhorus is removed by

two mechanisms in the process, metabolic assimi-
lation and biological precipitation.
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Although the activated algae rrocess is proposed as a
secondary-tertiary unit process (24), it describes the
treatment taking vnlace at a slowver rate in rolishing ponds
with good algae growths and longer detention times. Bartsch
and Randall (2) noint out that polisfing ronds are greatly
affected by the weather and provide very little treatment
during the winter months; Theyrsuggest desigh detention

times be based on winter conditions.

SETTLING TUBES

The basic theory of shallow-denth sediméntation was pro-
vosed in 1904 by Hazen (18) who recognized that removal of
sediment in a settling basin 1s primarily a function of the
surface area and 1s independent ofrdetention time. He recom-
mends the use of set'ling depths of apvrroximaitely one inch to
take advantage of his theory. For more than fifty years many
attempts were made to apply his theory to sedimentation basins
(8, 17). These designs usually incorrorated large numbers of
shallow trays generally inserted within basins of conventional
design. The two limiting factors in their usage has been the
unstable flqws encountered with wide, shallow trays, and the
eauipment and sracing réquired for sludge removal.

Current sedimentation theory as explained by Hansen, et al.,
(17) relates that the path a varticle takes in a settling tube
is the resultant of two vectors: V, the velocity of flow through
the tube, and VS. the settling velocity of the particle.
Figure 2 shows that as the settling surface is inclined, the

settling path of the particle is altered. Since the component
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of the settling velocity, V 1z parallel to the tube wall

sh’
and orrosite the flow, V, the resultant rath of the rarticle,
Vr' is toward the tube wall. When V 1is greater than VS. which
is the usual case, the reauired length of the settling surface
reaches a minimum at about 25 to 30 degrees from the horizontal

(v = 2.8 VS) and then increases, aprroaching infinity as the

angle of inclination aprroaches 90 degrees.

V,
Angle of Inclination

Figure 2. Velocity Vectors

Essentially horizontal tubes, with an angle of inclination
of 5 degrees or less were the first to be used in sedimenta-
tion basins. Primarily they were first applied to water
treatment plants, since they required periodic back washing
and this could be incorporated with filter back washing. They
also were used as part of the tertiary treatment duriﬁg chemical
clarification of secondary effluents of waste treatment plants.
In research done for Neptune Microfloc, Inc. by Culp, et al., (16),

tube gettlers were found to provide water quality compatible
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with the filtration caratilities of the mixed-media filter

at filter rates in excess of 5 grm/ss ft. These tubes were
of relztively small dizreter (one to four inches), only two
to four fest in iength, 2nd allowed detention times of six
minutes and less. The small-diameter tubes were used to
allow proper flew distribution to be maintzined at tube~
reserveoir inlet and outlet conditicns. Sludge storage of
twenty four hours was normally nrovided and the tube-cleaning
cycle was easily integrated into the wash cycle.

Steerly inclined tubes, a 60 degree angle of inclination,
have the advantazge over the horizontal tubes in that they are
self cleaning. As the solids settle in the tubes a flow
rvattern is established in which they are trapped in a downward
flow system of concen*rated solids (2). This continuous sludge
recycle is ideally suited for the extended éeration Erocess;

A rectangular module is constructed by inclining 60 degree
ABS channels bhetween thin sneets of rVC. By alternating the
direction of inclination of each row of channels forming the
tubes passageways, the module becomes a self-supvorting beam
which needs suprort only at its ends (8). In pilot studies
renorted by Hansen, et dl., (17), tube loading rates of
2 to 3 grnm/sa £t of tube entrance area were used satisfac-
torily in improving the effluent of a contact stabilization
vlant. Culp (8) states:

Such tubes have a large wetted merimeter
relative to the wetted area and provide a low
Reynolds number. A 2-irch diameter tube, 2 ft.
long, through which vater is mnassed longitudin-

ally at a rate of 4 gom/sq ft of tube entrance
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area, has a Reynolds number of only 20,

while vrovidins an eauivalent surface over-

flow rate of 320 gand/sa ft.
In Britain, Srarham (L£°), usirg wedge wire mesh clarifiers
with plastic matrices, found that the susrerded solids in

settled effluent could be reduced by 90 vercent at 1 cu m/sq m/hr

and by 70 percent at 3 cu m/sc m/hr for limited periods.

TEST AND TREATMENT COR-ELATION

Chemical oxygen demand (COD) and volatile solids data have
been shown to be more realistic in evaluating the rerformances
of extended aeration treatment and rolishing rmonds than bio-
éhemical oxjgén demand (30D) (22, 3Cj.

Limitations of the BOD test have been set
forth by the AST: as the following:

1. The five day BOD cannot be considered
- as a -~uantitative expression without an
avrroximation of the rate of oxidation
and the ratio of five-day to ultimate
oxygen demand. -

2, The five day BOD values of different
industrial wastes are not additive.

3. Efficiency of a biological treatment
process may not be accurately determined on
the basis of a five day BOD of influent
and effluent.
.« + « . For example the exvected decreases in
BOD values through the raw, primary, secondary,
tertiary, etec. scheme of treatment give no indica-
tion of these organic compound comrosition changes (10).
It is of particular imvortance at this time to review the short-
comings of the BOD test, since this is the guideline used in
state and federal regulations for discharge control of treated
effluents. As Davis (10) noted, asrobic systems reszeration

kinetics have been statisticaily proven and established for
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* BCD values. COD, total organiec carbon (TOC), ard total oxygen
demand (TCD) values have yet to be applied svecifically for the
totzl evaluation of each of these criteria. He stated the
folleving reasons for variation from the expected BOD curvet
nrezence of oxygen in the bottle, toxic materials in the sample,
incorrect temmerature (not 20° C), lack of nutrients, insuf-
ficient number of bacteria at the start of incubation, waste
reauiring srecial kinds of bacteria, nitrification influence,
and inadequate dilution. In addition minor deviations in any
number of the integral parts of the test procedure may yield
erratic results., Davis realized thét the exvense of TOC and TOD
tests nrohibits most laboratories from changing to these from
BCD and CCD tests, so he suggested that the application of BOD
and/or COD tests be done with some consideration as to their
relevance.

Fitzgerald (14) conducted BOD determinations with different
species of algae nresent in the sample, and found that the
results obtained were affected by the algae. He found Chlorella

and Gloeotrichia echinulata caused an increase in bacterial .

resviration. Also, Chlorella and Microcystis were found to

photosynthesize after long veriods, se¢ven and nineteen days
resrvectively, after the BOD bot+les became anaerobic.

Gaudy, et al., (15), in their studies of extended aeration
rlants, concluded that the COD determination was the best method
of evaluating treztment perfbrmance. laschke (39) found the CCD
test helpful in indicating toxic conditions of a_polishing pond,

while the BCD test was not. He also stated that both should be
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used with caution in resrect to the concentration and compo-
gition of the algal flora. Loehr_and Sternenson (21) also
rerorted e fact that BOD was net an accurate measure of
nolishing ronds, since BCD removals occurred while no CCD
removal tcok place. They concluded that the data indicated the
same ouantity of chemically oxidigzable material entering the
pond also left 1t., If BOD values are necessafy for opera-
tional rerorting methods, Rowe and Canter (40) pointed out

that COD and BOD5 values may be correlated for any given

domestic effluent.
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DESCRIPTICN OF FACILITIES

GENERAL

In early 1971, an innovative idea for a provosed housing
subdivision was developed. It was to include all utilities,
streets, and recreational areas as part of the total develop-
ment. For increased desirability, it was to be located away
from the city and near a picturesque stream. As a consequence,
the development needed to include water and wastewater treatment
nlants.

By late 1971, a site was purchased aroroximately four miles
east of NManhattan, Kansas. The new development was named Timber
Creek. An overview and site location is shown in Figure 3. The
development wés rrojected to include 72 housing units within
two to three years. Therefore, the water and wa%tewater treat-
ment facilities were designed accordingly. Both facilities
were built during the spring and summer of 1972, and were fifst
used in June of 1972. From that time there has been a slow
increase in usage from the first home with a family of four
veople to the present number of 13 homes with 38 people. The
usage at this time represents appfoximately 20 percent of the

design load of both plants.

DESCRIPTION OF WATER TREATMiNT PLANT
The main development is located west of Elbow Creek,

" an intermediate Karsas stream, but the water treatment plant
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is located across the creek. ILocation of the best aquifer
availeble dictated this arrangement.

Two wells were dug to a depth of approximately 60 feet.
There is a very good aquifer of sand and gravel of about seven
feet in depth., Both wells have excellent recharge rates and
do not affect each other to any extent. A 3 hp submersible
pumn is utilized in each well which will deliver at least
€0 gvm at 30 psi of pressure. The average water demand was
calculated as follows (42):

Assumptions: '
3 people per residence

70 gallons ner capita per day

Average water demand:
72 x 3 x 70 = 15,12C gpd (or) 10.5 epm

The maximum day average and the peak hourly flow were
calculated in accordance with consumption figures taken from
a 1963 report on residential water use.carried out at the Johns
Hovkins University (20)., The maximum daily demand (including
lawn watering) for a 72-unit development at a density of four
per acre is approximately four times the average flow, and
the expected peak hourly flow is approximately seven times

the average flow. In summary the following values were

used (42):
Average flow 10.5 gpm
Maximum day average L2 gpm
Peak hour on maximum day 73 gpm
Sustained design well pumping 120 gpm or 1.67 gpm/

capacity provided residence



21

The water analysis after 24 hours of tumrping indicated

the following (42):

Total hardness 320 mg/1
Calcium hardness 300 mg/1
Alkalinity 44T mg/l
Nitrates . nil
Sulfates 20 mg/1
Iron 1.7 mg/1
Manganese le6 mg/l
nH l 6.75

The hardness of the water dictated that water softening
would be reauired. This is provided by a commercial ion
exchange column with brine regerneration. The water flows from
the pumps through the softener, then 1is chlofinated by in-1line
injection jﬁsf before the storage taﬁks. Fressure and storage
are vrovided by four 50C-gallon rressure tanks. The brine back-
wash from regeneration is held in a 750-gzallon concrete tank and

is slowly released into the creek by a 1/4 inch diameter orifice.

DESCRIPTION OF WASTE TREATMENT FLANT

The waste treatment vlant employs the extended aeration
modificaticn of the activated sludge process. This plant includes
effluent chlorination following the activated sludge process and.
a polishing pond before the effluent is released to the receiv-
ing stream, Elbow Creek.

The site chosen for the treatment plant is at the south
end of the oroperty, thus allowing the collection system to
utilize the natural slope and eliminate any need for 1ift sta-
tions. All state reauirements for sevarations from property
lines, wells, and residences are met. The liquid level of the

plant is seven feet below natural grade and the area is naturally
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screened by trees on three sides with the fourth side being
screened by a seven foot constructed earthen bérm. The nearest
residence is more tnan 350 feet distant, with plantings and a
maintenance building acting as a screen. Therefore, the
facility is not viesible from the development, nor is there any
odor. As of this writing, there has been no odor problem at
any time.

Excent for operating equivment, the treatment plént was
totally constructed on site. A photograph of the plant is snown
in Figure 4, and an operational schematic diagram of the unit
is shown in Figure 5, Figure 6 shoﬁs samples of flow through
the rlant. This is further described by the following detailed

breakdown of the waste flow through the plant.

AERATION BASIN

The aeration basin, Figure 7, is constructed of concrete
with 8 in. thick walls and a 4 in, thick floor., Eight foot
sidewalls are used to allow for conventional basément-type
construction. It is rated at 20,000 gallons capacity.

Raw sewage enters directly into the basin via an 8 in.
sewer line. There is no pretreatment, and only a wire basket
at the inlet, as shown in Figure 8, vrovides for collection of
large solids which might be present in the sewage. The basin
was designed on both a 24 hour retention time and on the basis

of a2 BCD, loading of 15 1b/1,000 cu ft, which 1s the Kansas

5

recuirement, the latter being the controlling factor. The actual

retention time rrovided for the design flow is 32 hours.
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Figure 8,

Screening Basket
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The following is a sumrary of the design calculations (42).

Design Assumrtions
3 reople/nome {total vpooulation, 216)
Sewage contribution: 70 gal/carita/day or 15,120 gpd

BCD, contribution of 0.18 lbs/capita/day

Aeration tark sized on basis of BOD5 loading

It

BOD, ver day: 216 vovulation x 0.18 lbs/capita
- 39.0 1lbs BGD5

Volume recuired: 139.0/15.0 = 2,600 cu ft

Aeration tank sized on basis of 24 hour retention

H

Volume required: 15,120 gzl/7.48 gal rer cu ft
2,000 cu ft

Actual tark volurme: 2,680_cu ft or 20,000 gallons
capacity

AERATCRS

Two systems of aerators are provided for the aeration basin.
There is a single Wells 3 hp Agua-~Lator which is a floating
aefator, and a Sutorbilt Blower alr ccmpressor with a 2 hp
motor, which provides compressed air through simple drilled
pire diffusers. Both systems are shown in Figures 9 and 10.
Originally, the floating aerator was designed as the primary
gsource of air, while the air ccmoressor was designed as a back-
up system., For reasons that are discussed later, this has been
changed so that the reverse is true,

The floating aeratdr was designed as the primary unit for
several reasons, One of the reasons was its simplicity of

operation., Maintenance consists only of checking the o0il level



Figure 9.

Figure 10.

Air Diffusers in Operation

Surface Aerator in Operation
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every six months. It also can be easily moved about by its
supporting cablea, Another reason for choosing the floating
type zerator was the problem of the noise associated with the
gear reducers reauired for the slower operating speed of the
fixed unit. It was also thought that the floating aerator would
provide better mixing than the diffusers, and since mixing is

a controlling factor in extended aeration plants, this would
insure better operation.

Wells, the equipment supplier, recommends that aerators be
sized by a power to volume ratio of 80 hp per million gallons
for mixing., Using this criteria, 1.6 hp would be required for
thig installation. Wells' available units were a 1 hp unit, so
the 3 hp unit was selected.

The air compressor unit is housed in the utility building,
and is a standard tyve normally suprlied with factory-built
waste treatment vlants. Three pipe diffusers are prcvided on
each side of the tank, with another diffuser sysfem in the sedi-
mentation basin for cleaning the settling tubes. The aeration
tank diffusers'are designed to be readily snapped out of position
for repair or replacement without lowering the liquid level in
the tank. The following is a summary of the design alr reguire-

ment calculations (42):

Surface aerator canzclty
Assume 3 lbs oxygen transferred/hp/hr

Oxygen demand (using ultimate BOD)

39.0 BOD; X 1.5 = 58t5 1bs BODL

Oxygen resuired per hour = 58.5/24 hours = 2.43 lbs



Horserower re~uired
2.43/3 1lbs oxygen per hour = 0.8l hp
The three norserower nrovided i1s sufficient
Diffused aerator caracity
Kansas recuirerent is 1,500 cu ft/1b BOD,
1,500 x 39,0 BQDS/I,Q4O minutes per day = 40,5 cfm
Tne Sutorbilt Blower with a 2 hp mofor operating
at 2,000 rom provides 40 cfm at 3.5 psi
SEDIVENTATION BASIN
Sedimentation 1s provided by the use of -Neptune Nicro-floc
settling tubes, Figures 11 and 12, The basin was constructed
as part of the aeration basin and is separated from it by an
aluminum baffle. The effluent flows under the baffle and upward
through the tubes. As it flows through the 60 degree sloped
tubes, the solids settle on the bottom of the tubes-and slide
to the bottom of the sedimentation basin. This also has a 60
degree sloped smooth surface which returns the solids to the
aeration basin, thereby providing for sludge recycle from the
clarifier, The effluent then flows to the chlorine contact
basin by a submerged collection pire placed immediately above
the tubes. This collec*tion pire is easily removed so that the
tubes may be lifted out when necessary.
Scum recycle to the zeration basin is nrovided by a scum
removal device illustrated in Figure 13. This device uses the
velocity currents of the aeration basin to remove scum from the

sedimentation basin. It can be seen in overation in Figure 1l4.



Figure 1l. Settling Tubes

Figure 12.

Settling Tubes in Place
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Figure 14, Sedimentation Basin with Surface Skimmer

Figure 15,

Cleaning of Settling Tubes
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Air diffusers under tae tubes vrovide for veriodic cleaning.
Tis rrocesc 1s shown in Figure 15. Part of the baffle between
the sedimentation basin and the aeration basin opens so that
during the cleaning rrocess the flow of solids and water is
returned to the aeration basin., During this period, aeration
in the aeration basin is ceased. Since the plant design includes
a settling pond, solids lost during the wash veriod are of little
concern.

The 8 ft by 2 ft (16 sg ft) tubes were designed for an
average flow rate of 2/3 gpm/sqg ft. Although the recommended
hydraulic loading rate is 1 gpm/sa ft, the design rate was
decreased, due to higher sidewall interfererce and the possibility
of higher peak to average flow ratios, This design gives a con-
ventional overflow rate of 95C god/sc ft or near the 800 gpd/sq ft

recomrmendation when no tubes are used.

CHLORINATION FACILITIES

Chlorination is continuous and apvlied ahead of the polish-
ing vond to reduce the dangers of over-chlorination. The four
day volishing pénd allows a heavier chlorine dose than normal
with ample time for dechlorination. A chlorine solution is
injected intoc the line between the sedimentation basin and the
chlorine contact chamber. The chlorination equipment, Figure'lé,
consists of a small chlorinator, a chlorine solution tank, and
a small presolution bucket. This equipment plus the granular
dry chlorine are housed in the utility building. The solution
was nrevared and the chlorine tank filled as described in the

section on plant operation under Experimental Procedures. The
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Figure 17.

Chlorination Equipment

Chlorine Contact Chamber
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chlorinator is adjustable so that it will provide é chlorine
dese tnat rives a 1 mg/1 total chlorine fesidual at reak flows,
The chlorine contact chamber, shown in Figure 17, is 2 ft x
L ft x 7 ft and has a 15 minute retention time for peak flows.
With the avefage design flow of 10 gpm the retention time is
43 minutes. The effluent flows into the contact chamber through
a V-notch welr, which provides flow measurement through the
treatment rlant. ILiquid level in the aeration basin may also

be controlled by this weir.,

POLISHING BASIN AND OUTLET

Tﬁe.polishing basin is designed'to provide a four day
retention at full develovment flow. It has a concrete bottom
with vertical concrete sidewalls to eliminate any shallow areas
that would recuire maintenance by mowing., The primary purpose
of the basin is to settle out any biological solids that may
pass through the system, although it also yields some additional
degree of treatment. A longer retention time was not desirable
because of the associated algal growths. |

The outlet structure, Figure 18, consists of a 4 in. FVC
pire that has an inlet 15 inches below the water level with a
cross-over to another 4 in. FVC pipe at water level., This last
%Y in, FVC pipe drains to a storm drain, waich has an 8 in. ABS
pipe leading to Elbow Creek. Freeze-up is not a problem since
the inlet is below the ice and the water is free-flowing througn
the entire outlet structure. Algal solids are also reduced in
the final effluent, since most algae are found near the water

surface.
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Outlet Structure

Figure 18,
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PROCEDURES

Analyticzl Procedures and Ecuipment

BIOCHEMICAL OXYGELI{ TEXAND

Five day bicchemical oxygen demand (BDDE) determinations
were run on (weekly) samoles of both the aerafion tank effluent
and the polishing nond effluent. These samnles were tested

primarily according to the methods listed in Standard Iethzods (1).

Both effluent samples were aerated for 30 to 45 minutes and an
initial Dissolved Cxygen (LC) test was performed on each sample.
The samples were zerated using laboratory compressed alr and
porous diffuser stones in beakers of up to 1,500 ml capaclty.
Since only carbcnacscus BOD5 values were desired, it was
necessary to inhibit the nitrogenous BOD, vaiues. The eliminaticn

of nitrification in the BOD, determination was accomplisned by

i

the method described by Siddigqi, et al., (44), A stock solution
of 5 Molar (M) a~monium chloride (NHQCI) was prenared by dis-
solving 267.5 grams in a liter of distilled water. Six ml of
this stock solution were placed in a 300 ml bottle, yilelding a
0,10 M NH,C1 (5,350 mg/1 NH,C1) concentration when the EOD bottle
was full. By placing the NHMCI directly in tne BOD bottle
instead of mixing it with the BOD dilution water, a concentra-
tion of 0.10 I armonia nitrogen alwayvs was present in the incu-
bated sample regardlass of the sammle size.

Since the research of Siddini, et _al, (44) indicated

that the sample pi was an important contributing factor in
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inhibiting nitrogenous 30D., one nalf ml of rhosphate buffer
was added to the bottles that did not contain dilution wafer.
This was done in order to maintain the pH at aprroximately
neutral (pH 7) or slightly below neutral. Bottles that con-
tained dilution water were assumed to already have enough
rhoscthate buffer to maintain an approximate pH of 7.

The dilution water was prepared according to Standard
Methods (1) and aerated for several hours with laboratory
compressed air and vorous diffuser stones. Initial DO determi-
nations were not run on the dilution water, the blank DO at
5 days was assumed to be the initiai value. The dilution
water was unsceded, and for each set of samples, three blank
BOD5 samples of dilution water were run.

Final DO determinations of the BOD5 tests were run by the
azide modification of the basic Winkler method as described in

Standard Metheds {(1). BOD5 calculations were arrived at by the

direct vivetting method as described by Sawyer and McCarty (41).

For direct pipetting the following formula was used:

BOD, (in mg/1) = | (DO, - DO.) vol. of bottle | - (DO, - DO_)
g : b i : b ]
ml sample
In these calculations, DO, and DO.l are the dissolved-oxygen
values found in the blanks and the dilutions of the sample,
resvectively, at the end of the incubation period, and DOS is
the dissolved oxygen originally present in the undiluted sample.
The eocuioment used consisted of 300 ml BOD bottles and a

Frecision Scientific Médel 805 incubator.
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CHENICAL CXYGEN DIFANI
Chemical Cxygen Demand (COD) determinations were run as

described in Standard Vethods (1, 5) for dilute samvles, using

0,028 lormal (i) rotassium dichromate and 0.01 N ferrous
ammonium sulfate. A 10 ml sample was used for COD levels of
90 mg/1 and less. For samples of 90 mg/1 to 190 mg/l, 5 ml
of samvle was diluted with 5 ml of distilled ﬁater to retain
the 10 ml sample volume. All results thus obtained were multi-
plied by a dilution factor of 2, Tests were run on all individual
samples of both the aerated effluent and the .final effluent, with
 soluble COD run on both reriodically. Soluble CCD effluent
samvles were obtained by vassing an effluent samnlie through a
Millipore filter and using the filtrate in the COD test,

The enuiprment consisted of either 200 ml or 250 ml Erlenmeyer
flasks, 300 ml pyrex condensers, and a Lindberg Hevi-Duty type

heater.

DISSOLVED OXYGEN

Measurements of dissclved oxygen (DGC) were taken periodically
of both the aeration tank and the volishing basin. For one period
of two weeks a continuous strir chart recording of tne aeration
tank was taken using a ﬁelta Scientific llodel 3810-01 Dissolved
Oxygen Analyzer. In June and July of 1973 a YSI Model 51A
Oxygen Meter was used to take spot DO readings of both aeration
and volishing tanks.,

The Millipore filter technique was used for total suspended
solids determinations. The ¥illirore 0.45 micron ashless filter

parers were vlaced in aluminum dishes and then placed in a
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Thelco Model 17 oven at 1030 C. The filters were placed in

the oven for a period of 12 to 24 hours before the effiuent
gsamnleg were taken., After the filters had cooled to room tem-
nerature in a Jdesiccator, they were individually weighed on a
Mettler Type H6 analytical balance and then placed on the ground-
glass filter holder with funnel. A sufficient amount of sample
was added by voluretric vipet until the flow through the filter
by vacuur became extremely slow., After filtration, the filters
were returned to their dish and placed in the oven for one hour.
The cooling and weighing procedure was repveated as above 1o
obtain the susvended solids concentrations.

For total fixed solids determination of the aeration tank
mixed licuor suspended solids (MLSS) samples, the previously
mentioned nrocedure for total suspended solids was followed,
utilizing rorcelain crucibles instead of aluminum dishes and
ashless filter paver. Following the suspended solids determi-
nations, the crucibles were placed in a Thermolyne Model F-Al73C
Muffle Furnace for 15 to 20 minutes. The crucibles were then
cooled to room temperature in desiccators and reweighed on the
Mettler balancé. While the samples were being filtered, the

initial weight of the crucibles was determined.

NITRATES AND ANMONIA

Nitrate and ammonia determinations were made of both the
aerated effluent and the polished effluent. A standard Hacﬁ
DR-EL Direct Reading Engineer's Tlaboratory Kit was utilized,
following the testingrrrocedure as described in its accompanying

inatruction manual.
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TURBIDITY

Turbidity determinations were made of botnh effluents,
using a Yzch Laboratory Turbidimeter Model 1860. The readings
ysually were made on tne 0 to 100 JTU's scale with occasilonal
use of the 100 to 1,000 scale. A standard of 68 JTU's was used

to calibrate the Turbidimeter.

CHLORINE
Total chlorine determinations were made using'a Hach Field
Kit and the Crthotolidine method as described in Standard

Vethods (1).

COLI FORNM AMNALYSIS
The Millipore filter method of total coliform analysis was

followed as described in Standard Fethods (1). The media used

for this analysis was M-Endo Broth-NF. Mf-Endo Broth suppresses
the growth of most noncoliform colonies, thus ailding in the
¢ifferentiation between these and the coliform types which

exhibit the charactéristic. greenish-metallic sheen.

MICROSCOFIC OBSERVATIONS

Microbial examinations were made using a Bausch and Lomb
DynaZoom research microscope at 430X or 1C0X. A record was
kept.of the time of appearance and relative abundance of variéus
tyves of drganisms in the mixed liquor. Also the tyres of solids
were noted and an estimate was made of the rercentage of organic
material in relation to silt.‘ During the algae blooms, determi-
nations of the various algae types and tnelr aprroximate rercerit-

age was attempted.'
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FLOW RATE

Tne flow rate of the wastewater treatment plant was
deterrmined from an in-line water meter at tne water treatment
nlant. Since this was a new, develoving community with all
new water mains and sewer systems, the flow through the waste
tre~tment plant was considered to be approximately the same as
the water used. This was considered an adequate means of flow
mzasurement until the summer weather dictated the advent of
lawn watering. After lawn watering started, the primary source
of flow measurement was a 22.5 degree V-notch weir that measured
the effluent from the aerated tank. EKeadings of flow were taken
three times a week and were recorded in thousands of gallons per

day.
Experimental Frocedures

PLANT OPERATION

The daily operation of the wastewater treatment plant was
rart of the scope of this research vroject. Initial operation
was started at the last of June 1972, with analytical monitoring

beginning in November 1972. After the initial start-up problems,

described in the discussion of results, operation of the plant
remuired monitoring three times per week. The main operational
duties included refilling the chlorine tark, skimming the float-
ing solids off of the settling tank, determining the total
chlorine level of the aerated effluent and finished effluent,
recording the water teﬁperature of the MLSS, and recording the

flow by the V-notch weir. A chlorine solution was prepared by



Ll

dissolving two curs of commercial-grade granular chlorine (HTH)
in a bucket of water. The solution was left to settle for two
to threc days until the 15-gallon chlorine tank needed to be
refilled, This allowed time for the inert material and calcium
carbonate to nrecivitate. The solution was carefully poured
from the bucket, leaving the precipitate. Next the solution
was diluted until the chlorine tank was filled. Making a new
solution every time the tsrk was filled allowed the inert
material time to settle before more chlorine solution was
needed in the tank.

The floating sludge (solids) in the settling tank was
skimmed with a hand net and returned to the aerated tank. At
the end of lMay 1973, a self-skimmer was designed and built, and
it was then no longer necessary to skim by hand. Except for the
above-mentioned maintenance, the treatment plant was largely

self-operating.

SAMFLING TECHNIQUES |

For the first two or three weeks the collection of samples
varied until a routine was established., Figure 5 shows the
location of the various sample collection points. All samples
were collected in either 500 ml or 1,000 ml Nalgene bottles.
Usually the samples were collected in the morning and the tesfs
conducted later in the same day. However, occasionally tests
were not conducted until one or two days after the sample had
been collected (4). After transportation to the laboratory, all

. o . . ;
samples were refrigerated at &7 until examinations were made.
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Originally, the BOD samples of the aerated effluent were
taken from the V-notch weir; however, within the first month
of sampling the BOD samples were taken by immersing a grab
sarple bottle above the settling tubes. This technique was
employed so that chlorination of the samples could be avolded.
When there was an ice cover above the settling basin, the BOD

sarvle was tazken from the V-notch welr and treated as described

in Standard Methods (1) for samnles containing residual chlorine

corpounds, Samples of the mixed liquor were taken by grab
sample at apprroximately the same location every time,

Single determinations of totzl susrended solids, nitrates,
ammonia, and turbidity were made of both the aerated effluent
and the final effluent. Three determinations were made of BODE.
CCD, and total coliform content of both efiluents. Single deter-
minations of the suspended and fixed solidé. settliﬁg charécter-
istics, and microbial activity of the mixed liquor were made.

The laboratory glassware and the sample bottles were cleaned
in hot detergent water and rinsed with hot tap water. The glass-
ware was then rinsed two or three times with distilled water and
left inverted to dry. All pivpets and burets were soaked in
chromic zcid for at least 24 hours and rinsed completely with
cold tzap wéter, then rinsed again with distilled water before
being left inverted to drain and dry. Fipets and burets were
also rinsed with distilled water just prior to use. Standard
chemical solutions were vrepared as specified in Standard

Methods (1).
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RESULTS AND DISCUSSICN

GENERAL

Since this reéearch‘involves the operation and monitoring
of an extended aeration treatment plant, this work will present
the results of data gathered, along with a discussion of results.
Also included will be a summary of development of the plant,
presenting problems which arcse and solutioné which were reached,

Biocheﬁibal oxygen demand (EOD)‘loadings of the treatment
plant were calculated using the design assumption of 0.18 lbs
per capita ver day of BOD.. As mentioned in the section on
experimental procedures, flow measurements through the rlant
were taken from the V-notch welr and were also estimated from
the water meter at the water treatment plant. To arrive af an
accurate estimate of sewage flow per person per dzy, the water
consurption for the winter period of January 8, 1973, to
April 30, 1973, was used as representative of the sewage flow,
It was assumed that all water use during this period would be
for domestic rvurnoses. The calculated water use was 55 gal per
capita ver day. Thig value was used for all calculations of
results, and was in fairly close agreement with the spot read-
ings taken from the V-notch weir.

Basically, the discuscsion may be divided into four areas:
start-up, winter overation, srrirg (thawing) operation, and

warm weather operation. Discussion of start-up will include
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the initial use and filling of the plant, covering the time
veriod of June 197?, to the first cold weather during the last

5

week of November 1972, Winter operation will include the cold
weather o-erational time period from the last of November 1972,
until the middle of March 1973. Spring operation involves the
period of transition between cold weather operation and warm
weather operation and spans the time vperiod ffom middle

March 1973, until the first of June 1973. The last time period
of June 1977, until the present is included in the warm weather
oreration discussion. Therefore, the total time frame of discus-
sion is from June 1, 1972, until early August 1973. Experimental
procedures were not started until mid November 1972, so all dis-
cussion for the period prior to that time will be speculative.
™ig researcher has had operational control of the treatment
rlant from early November 1972, until preseht, and éonducted

all experimental determinations until mid May 1973. From the
first of June 1373 until present, another candidate for Master's
Degree has conducted all experimental determinations. The lat-
ter's exrverimental determinations include evaluations of the

aerated and final effluents only, with no determinations run

on the mixed licuor.

START-UP OPERATIONS

The wastewater treatment system was first used in June
of 1972; the aprlied load consisting of one home with four
occupants (see Table 1), The treatment plant was filled with
water and an initial cverational check of the aeration eguip-

ment was made. Thereafter, the aeration equipment was operated
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intermittently, avproximately iwlce per week for two hours
until Sevptember 1972, when 1t was used full-time. Since the
starting load was about 0.3 lbs of BOD5/1,OOO cu ft/day and
the aeration tank was not seeded, the plant operated as two
large holding basins or sewage lagoons. For most of this
veriod, until November 1972, there were no experimental deter-
minations made on the effluents.

The initial detention times of the aeration basin and
the polishing pond were 91 days and 273 days, resrectively.

The chlorine chamber had a contact time of 45 hours and the
settling tubes were loaded at a raté of 0.01 gpm/sq ft of
entrance area, (see Table 1). In August 1972, the number of
users increased to eight; it increased to fourteen in late
September 1972, and remained at tnat level until late Novem=-
ber 1972. Therefore, the BOD5 loading with first full=-time
aeration was 0.9 lbs of BOD5/1,OOO cu ft/day, and the detention
time in the aeration basin was 26 days.

When the treatment plant was constructed, earthen berms
were built around it. These berms served two purposes: first,
they lowered the elevation of the plant to allow for more grade
relief for the sewer system; second, they helped provide pro-
tection from periodic flooding.- The berms were seeded with Fescue
grass for vermanent cover, and rye grass for temporary cover,. |
The fall of 1972, was extremely wet, and before the seed could
take root, the area received a véry heavy rainfall which washed
much dirt and silt into the aeration basin. The‘amount of silt

in the basin was great enough to restrict water movement. Wwith
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little volatile suspended solids present in the mixed liquor
(MLVZS), there was minimal flocculation and very little settl-
ing of the susvended solids. Since a large amount of suspended
solids was passing into the effluent, it was decided to let the
aeration basin set*le for one day ana then pump out as much of
the silt as prossible. As the basin was emptied, it was flushed
with water for six to eight hours and then refilled. This took
place 1in mid 6ctober 1972,

Two weeks later on November 9, 1972, another large rain
storm adéed more silt to the aeration basin. At this time it
was concluded that the height of the side walls of the aeration
basin should be raised. In mid November 1972, concrete bricks
were laid on the walls in order to add apmfoximately four inches
of additional height. Improvements were made in the drainage
around the aeration basin, and the pumplng process of the pre-
vious month was reveated. After the silt was removed, the basin
wae again filled with water and ready for operation. In Figure 19,
the mixed liocuor susvended solids (MLSS) and the percent volatile
are shown before and after the last flushing in mid November 1972.
This was the last time the tank was drained and fiushed, although
in mid January 1973, the run-off from a heavy snowfall again
washed some silt into the basin.

At the end of the start-up neriod, and the beginning of
the recorded data, BODq and the chemical oxygen demand (COD) of
botn effluents were extremely low. This is shown in Figures 20
and 21, This excelléat level of treatment was due primarily

to dilution, rather than aerobic digestion. In the total
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start-up period there was very little biological growth, and

the biological povnulation, if any, was vefy primitive.

WINTER OPERATION

The first heavy snow occurred on November 16, 1972,
and air temperatures dropved about 15° F the following week.
From this time until the middle of March 1973, the tempera-
ture stayed near freezing. This was an exceptionally cold
winter with three very cold periods during which air tempera-~
tures were constantly in the range of 0° F to 10° F. The
effect on the temperature of the aeration basin may be seen
by the feborded water temperature in Figure 22. During most
of this time both the polishing vond and the settling basin
had an ice cover, with a thickness of up to four to five inches
from the middle of December until mid February.

As shown in Table 1, the population of Timber Creek in-
creased from 16 in November to 32 by March. Accordingly, the

BOD,. loading went from 1.1 1lbs of BODS/l,OOO cu ft/day to 2.1

5
lbs of BODS/l,OOO cu ft/day by the end of the winter period.
Also, the aerated basin détention time decreased from 23 days
to 11 1/2 days. During the entire period the biological :
activity increased very slowly. It must be remembered that
within two weeks after the last silt rémoval from the ——
basin, thé first of the very cold weather began. Biological
treatment was actually very poor until mid March when rotifers
and stalked ciliate began to appear. Both had been present in

the mixed liquor in the early fall, but were washed out with

the silt and did not reappear until March. Sludge volume



28

SSIN Jo aanjexadwe] pur Xspul swnfop a93pnls *zZZ sandig
np unp Aey Jdy Jen . 994 uep o8 AON mﬁboz
'l A 'l A i A K i i ml
Vi E
* */ \
IAS » % 4 K M\ *V\*/ -G
\.* 7 \
0 ok Lt <U *

o % \ L 01
AN\ S
{2]
M| |
» - ®
\?Ah * 6T m
o+
o
; \ 02 8
[1+]
—— P _ >
v L BN B g, ©

/*\ \ 3
» 0L
,\ ~G¢
3

-O._.w

0T

Xopul suniop 23pnis



56

index (SVI), a good indication of the slowly building bio-
logical population, is shown in Figure 22. Through most of
January the ammonia level in the aerated effluent rose steadily,
reaching a peak of 14.3 mg/l, which indicated that there were
no nitrifying bacteria available to oxidize the ammoniza to
nitrites and nitratés. After the end of January the nitrate
level increased, and conversely the ammonia level decreased
rapidly (see Figures 23 and 24). Microscopic examination
verified the presence of a fast-growing biological population,

Even with very little biological activity, the effluent
appeared cleanest during the period of January 18 through 30,1973.
It had a sparkling quaiity suggestive of a clear mountain stream.
The BOD5 of the final effluent was below 5 mg/l and less than
2 mg/1 for a short period. The COD remained at about 50 mg/1
during the same period. There were essentially zero suspended
solids (see Figures 25 and 26).

The major problems encountered during this period were
directly related to the severe weather. Everything froze solid
with a thick ice cover except the aeration basin. The greatest
surprise came ﬁhen the surface aerator froze solid during the
first cold weather in December. This occurred while the ice
shield was in place! In late Novembher when the temperature of
the mixed ligquor had decreased to . C, the air diffusers were
used rather than the surface aerator in an effort to raise the
temperature. By mid December, during a period of 0° F to 10° F
air temperature, the surface aerator was used again for better

circulation in the basin since ice had started to form while
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.ﬁéing the-éi}fusers.“10vernight the aerator iced over, closing
the throat completely and stalling the motor. The air diffus-
ers were then utilized until warm weather returned.

As the situation was analyzed, major contributing factors
were thought to be the very low biological population and the
long retention time with the mixed liquor not receiving suffi-
cient energy or heat from the sewage flow. Another contributing
factor may have been that the aerator was grossly oversized for
the basin and its BOD5 loading. If the aeration basin had been
closer to its design load with the biological organisms pro-
viding energy to the mixed liquor, fhe surface aerater would
probably have operated without difficulty. The freezing of the
aerator is an important consideration for future designs.

Another difficulty that could have caused serious problems
was the solid ice cover on the settling basin. Because of the
low biological growth there was essentially no nitrification
taking place during this time. However, in future winters with
a large food supvly and good biological activity, floating
sludge trapved below the ice cover could cause serious problems
in the settling basin. There is a reasonable question whether
the water movement through a surface skimmer would be sufficient
to prevent freezing. It would seem that an air diffuser system
would be a necessity in locations which are subject to prolongeﬁ

freezing temperatures.

SPRING OPERATION
The time period encompassed by spring operation started in

mid March with the return of warmer weather and lasted until
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the end of May. During this entire period the biclogical
organizmg were inecreasing in number and gaining in complex-
ity., By Yay the mixed liocuor would readily floc, and the
sludge volume index had increased from 12 to 30 (see Figure 22)
The organic loading remained constant at 2.1 1lbs of BGDS/LGOO
cu ft/day. The retention times of the aeration basin and
volishing pond also remained constant at 11 1/2 days and 34
days, resvectively. There was no odor from the waste treatment
plant detectable at any time.

The record of total solids in ﬁhe aerated effluent, shown
in Figure 25, is a good representation of the problems associated
with the sedimentation basin. They varied from 170 mg/l to
23 me/1 as different combinations of operational controls were
tried. With the first warm weather the surface aerator had
been utilized to increase the temperature of the mixed liquor
and promote bétter biological growth. The use of the surface
aerator destroyed the trangquility of the sedimentation basin.
The basin was constantly disturbed by the flexing of the alumi-
num partition between it and the aeration basin. There was-
also a circulation problem with water shooting under the parti-
tion and up through the tubes. The surface aerator was moved
as far from the partition as poésible, and although this seemed
to alleviate the situation somewhat, the partition was still
too flexible. By mid May 1973, the decision was made to remove
the rartition and s*rengthen it with three hori-ontal aluminum

channels,
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Prior to May there had been an increasing layer of floating
sludge forming daily above the tubes. With the advent of warmer
weather, denitrification was producing sufficient amounts of
nitrogen gas in the sedimentation basin to cause floating'sludge.
The circulation problem was also causing increasing amounts of
grease to flow under the partition and become trapred in the
sedimentation basin. Therefore, at the same time the partition
was removed for strengthening,‘a surface skimming device was
constructed and attached to it. This device is described in
the section on treatment plant description (see Figures 13 and 14),.

In.addition to strengtnening the partition, a hinged lower
section was added so that the opening beneath the settling tubes
could be restricted if necessary. After replacing the partition
and restricting the opening below the tubes as much as possible,
it was found that the-surface aerator still created too much
turbulence in the sedimentation basin. The curved sides of the
aeration basin and the oversized aerator combined to create
tufbulent flow that did not allow proper settling in the tubes.
Use of the air diffusers on only one side allowed a much slower
circulation of mixed liquor with exceptionally good results -
with the tube settlers. This cah be seen in the data on total
solids and turbidity of the aerated effluent (see Figures 25 and
26). From fhe third week of May until present, air supﬁly has
been restricted to the air diffusers on the north side only.
Checking with a dissolved oxygen (DO) vrobe has shown that the
DO in the mixed liquor has remained at or near the saturation

level. There has also been a lack of foaming in the aeration
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basin., There was some foaming when the surface aerator was
in use, although it was never considered a real problem.

The surface skimmer, with some initial adjustment, has
worked excéptionally well., The water in the sedimentation
basin above the settling tubes is very clear and does not
have any floating sludge or grease builld up. The suspended
solids in the aerated effluent has dropped drastically.

Beginning at about March 12, 1973, there have been peri-
odic algae blooms in the polishing pond; The final effluent
total solids rose to 28 mg/1 and 37 mg/l on March 16 and
May 1, 1973, respectively (see Figure 25). Both of these peaks
represent the passing of algae after an algal bloom. There was
also a corresponding increase in the COD levels of the final
effluent (see Figure 21), Overall the COD and BOD5 of both the
aerated effluent and final effluent decreased as fhe air tem-
perature increased and the biological activity of the mixed

liquor increased.

WARM WEATHER OPERATION

June 1, 1973, until the present represents the best tréat-
ment level reached since the treatment plant received its first
waste., The BODq and CCD of the . final effluent has consistently
been below 10 mg/l and 50 mg/l, respectively. At the first of -
July 1973, the BOD5 loads increased to 2.6 1lbs of BOD5/1.OOO
cu ft/day, and there were 16 homes with a population of 38 con-
nected to the sewer. This represents approximately 18 percent
of the design population_estimate. The detention times of the

aeration basin and polishing pond have decreased to 9 1/2 and 29
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days resvectively. The settling rate applied to the tubes is
0.09 gpm/sq ft of tube entrance, and the chlorine chamber has
a contact time of 4,8 hours.

The skimmer has continued to work well; many times the
effluent above the settling tubes is clear enough to allow the
tubes to be visible. The air diffusers have adequately met the
air requirement of 7.12 ¢fm and have allowed good clarifica-
tion by the settling tubes. The mixed liquor has contained a
good biological population all summer with excellent BOD5 levels
of about 5 mg/l in the aerated effluent. Ammonia levels have
indicated that a healthy population of nitrifying bacteria is
present. Coliform counts of the aerated effluent have ranged
from 0/100 ml to 1,000/100 ml with most values below 200, In
the final effluent the coliforms have fluctuated somewhat with
the algae blooms; the coliform count has been as high as 10,000
and as low as no recorded coliform on two occasions (see
Tables 2 and 3).

The only area requiring improvement is the control of
algae blooms in the polishing pond. These blooms have caused
periodic high levels of suspended solids in the final effluent.
Comparing these high levels with the standard proposed by the
Environmental Protection Agency, 25 mg/l suspended solids, it
is apparent that an effective means of‘algae control is needed.
The COD determinations increése from the aerated effluent to
the final effluent. Soluble COD-determination indicates some
additional treatment takes place in the polishing pond; however,

this is offset by the dead algae present. As can be seen from



TABLE 2, COLIFORM IN AERATED AND FINAL EFFLUENTS

Coliforms in Effluent

Date Aerated Final
May 1 -- 200
May 12 - 200
June 7 200 60
June 1k 1,150 — 1,600
June 20 120 10,000
June 27 1 25
July 3 1,000 ’4.000
July 11 0 | 0
July 22 0 0
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TABLE 3. CHLORINE RESIDUAL IN AERATED AND FINAL EFFLUENT

Average Chlorine Residual (mg/1)

Month Aerated Effluent Final Effluent
Nov 3.2 0

Dec 2.1 | 0.2

Jan 542 Ool

Feb 4,0 0.2

Mar L,o 0

Apr b4 0‘

May 2.5 0

Jun L,1 0

Jul ‘2.8 0
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Figures 20 and 21, the COD determination is a better guide

to the organics in the final effluent than BOD5 determinations.
This is an indication that COD should be the major determina=-
tion for operational control of an extended aeration plant,

and should be established as a pollution control standard.
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CONCLUSIONS

The extended aeration activated sludge treatment process
will provide excellent treatment of domestic sewage from

the initial wastes of a small, slowly developing community.
The mixed liquor may be started without seeding and during
adverse weather conditions. Excellent treatment is obtained
by dilution and extreme detention times until the mixed
liquor has developed a sufficient population of biological
organisms. Extended aeration is a relatively stable treat-
ment scheme at twenty percent of the design BOD5 loading

and below. Minimal operational contrecl may be performed

by semi-skilled personnel,

Chlorination is very effective when applied to the aerated
effluent prior to the polishing pond. Desﬁruction of
coliform organisms is complete with little regrowth in

the polishing pond. Chlorine residual, which could endénger

aquatic life, is not pasced to the receiving stream.

A pvolishing pond has a leveling effect on fluctuations in
the extended =zeration treatment process. It also prevents
solids loss to the final effluent during times of upset and
poor settling in the sedimentation basin. With proper algae
control, year round suspended solids in the final éffluent
can be képt to a minimum. The polishing pond also provides

additional reduction of BGD5 and COD of the effluent.
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Settling tubes allow constant return of the settled sludge
to the aeration basin without costly sludge return equip-
ment. The aerated effluent is very clear if the dividing
wall between the aeration basin and sedimentation basin is
sufficiently rigid. A surface skimmer will provide return
of floating sludge to the mixed liguor and help prevent

solids from being lost to the polishing pond.

Gross oversizing of surface aerators for aeration basins
should be avoided. The turbulence an oversized aerator
generates in the mixed liquor will inhibit the biological
treatment by breaking up the flocculation of organisms,
Turbulence will also decrease the settling efficiency in
the sedimentation basin. Durirg cold weather, an over-

sized aerator will adversely cool the mixed liquor.

More thought must be given to winter operation of very
lightly loaded extended aeration plants. Until the icing
problem of the surface aerator is solved, an air diffuser
system should be provided as a standby. Also, the ice cover
on the sedimentation basin could create problems with remo-
val of floating sludge, and might possibly need to be

covered to prevent freeze-up.

Biochemical oxygen demand (BODS) determinations are not
representative of the reactions taking place in an extended
aeration process with accompanying polishing pond. Chemical

oxygen demand (COD) determinations give a better indication
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of the treatment achieved and provide more useful infor-
mation in the operational control of the treatment
process., COD should therefore be used in establishing

effluent standards for these types of treatment plants.
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RECOMMENDATIONS FOR FURTHER RESEARCH

This study should be continued through the coming winter
to evaluate continuing freeze-up problems. The subse-
quent verformance of both the surface aerator and the
sedimentation basin would be extremely valuable in

future designs.

Continued monitoring of the treatment plant until it
reaches its fully-loaded condition would provide a more
complete evaluation of the extended aeration treatment
procesg, Thils would also allow for evaluation of any
upsets created by hydraulic shock loadings after near-

cavacity BOD5 loading levels had been reached.

Research is also needed in developing this treatment
scheme for package plant design. Varying uses of the
éettling tubes in package plants coﬁld be evaluated with
the modeling of flow patterns in aeration and sedimenta-

tion basins.

There is a need for an effective means of algae control
in polishing ponds until the ponds obtain their design
retention times. Chemical costs in relation toc overall
treatment cost need to be evaluated as a part of the

algae control.
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TABLE 5., EFFILUENT SUSPENDED SCLIDS AND TURBIDITY DATA
Suspended Solids Turbidity
Aerated Final Aerated Final
Date Effluent Effluent Effluent Effluent

Nov 3 2 26 - -
Nov ¢ 8l 5 4s,0 6.0
Nov 22 104 28 62,0 13.0
Dec 2 57 21 37.0 17.0
Dec 21 46 0 47,0 8.0
Jan 18 335 4 75.0 ho,0
Jan 25 93 2 67.0 4,8
Jan 30 80 1 7040 6.0
Feb 14 60 3 54,0 4.5
Feb 22 50 8 56.0 6.5
Mar 2 160 21 68,0 10,0
Mar 16 140 29 63.0 12,0
Mar 23 177 18 80.0 14,0
Mar 30 130 7 78.0 16.0
Apr 6 73 20 58.0 530
Apr 17 103 32 64,0 28,0
May 1 23 3¢ 37.0 32,0
May 8 67 14 56,0 17.0
May 12 £5 8 48,0 16.0
Jun 7 170 10 -- -
Jun 14 140 120 6.5 16,0
Jun 20 - 70 12.0 8.5
Jun 27 12 12 5.0 9.3
Jul 3 10 20 - TN 18.0
Jul 11 10 ; Lo 6.5 - 19.0
Jul 18 10 7 .5 3.0
Jul 22 13 80 10.0 12.0
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TABLE 6., EFFLUENT BOD AND COD DATA
BOD Data COD Data
Aerated Final Aerated Final
_____Date Effluent Effluent Effluent Effluent
" Nov 3 -- - 37.8 20,7
Nov © 742 2.7 72.5 28.5
Nov 16 - 5.2 - -
Nov 22 7.0 5.3 100,0 39.6
Dec 2 -- 4.8 101.1 o4 ,7
Dec 21 -- - - 47,4
Jan 18 = 5. 148.9 it
Jan 25 27.3 3.3 132.8 52.8
Jan 30 -- 1.8 b5 59.6
Feb 14 -- - 151.7 74,6
Feb 21 16.3 L.8 140,8 77.1
Mar 2 -- - 180,1 75.2
Mar 16 14,7 5.1 161.7 78,7
Mar 23 19.9 L,2 154.7 65.6
- Mar 30 10,2 2.8 135.2 774
Apr 6 5.6 2.5 107.3 ol , 0
Apr 17 1243 12,8 116.5 oL ,6
May 1 8.2 8.8 - 81,0 103.2
May 8 k.0 b,o 52,0 L8.7
May 13 3.0 2,0 43,7 Lé,3
June 7 - - - 40,0
June 14 840 4,9 35.0 50,0
June 20 L,2 4.4 30.0 20,0
June 27 5.8 /0 | 30.0 - 40,0
July 3 8.8 5.6 26.1 32.0
July 11 1.2 3.8 29.0 41,0
July 18 3.8 6.7 41,0 45,0
July 22 2.0 pUN: 30.0 53,0
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Ammonia (NHB)

Nitrate (ND3)

Aerated Final Aerated Final
Date Effluent Effluent Effluent Effluent
Nov 3 3.0 2,0 - P
Nov 10 - - 8.0 .0
Nov 27 13 0.5 25,0 2.5
Dec 2 0,7 0.5 27.0 3.5
Dec 21 g2 3.4 5,0 13,0
Jan 18 14,7 73 11+0 745
Jan 25 11.0 11.5 14.0 11,0
Jan 30 9.5 9.8 19,0 10.0
Feb 14 6.0 8.0 20,0 19.0
Feb 22 7.0 7e2 19.0 13.5
Mar 2 2.7 L4 26,0 20.0
Mar 16 Al 3.0 31.0 A TS
Mar 23 5.2 3.8 29.0 20,0
Mar 30 4,0 3.0 25,0 19.0
Apr 6 1.3 3.8 32,0 25,0
Apr 17 2.7 Je2 26,0 23.0
May 1 1.8 2.3 2745 19.0
May 8 343 J. b 25,0 27.0
May 14 0.9 0.5 31.0 23.0
Jun 7 - - LO,O 3540
Jun 14 - - 30.0 23.0
Jun 20 0.62 0.98 32.0 29.0
Jun 27 0.3 0.5 32.0 28,0
Jul 3 0.4 03 29,0 23.0
Jul 11 0.25 - 18,0 11.0
Jul 18 0.2 0.15 34,0 28,0
July 22 0.4 Ce55 17.0 16,0

Fl
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SUMMARY OF FIELD OBSERVATIONS

November, 1972

Silt washed into the aerated basin with snow fall during
the first two weeks. The surface aerator was utilized for
the first part of the month. Alr diffusers were used after
November 29, to ralse the temperature of the MNLSS. Ice formed
on the polishing pond. Mixed liquor was very silty with little

biological activity or fibrous material.

December, 1972

Very cold temperatures continued through most of the month.
The polishing pond and sedimentation basin became ice covered
after December 5th. The ice cover was four inches thick for
the latter half of the month. 7The mixed liquor temperatures
remained around freezing most of the month, and the surface
aerator froze; Microscopic exams showed less silt and more
organic material along with an increase in small} single

celled organisms.

January, 1973

Severe cold weather during the first two weeks cof the month
caused the mixed liquor tempera{ure to remain at just below
freezing. The aeration basin developed 25 percent ice cover
with the air diffusers in use. During January 18 to 23, the
surface aerator was used to increase the temperature of the
mixed liouor since air-temperatures rose to the low 50's. The

polishing pond remained ice covered during the entire month.
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The organic matter in the mixed liquor was still increasing,
with a corresponding increase in biological activity. Rotifers
fifst avpeared toward the end of the month. The silt content
increased during thawing of snow at mid month. Cold weather
returned for the last of the month. The clearest final effluent
for the entire research period occurred from mid December to

mid Jaruary.

February, 1973 ‘

The first half of the month was very cold with continued
ice cover on the polishing pond and sedimenfation basin. Warmer
temperatures during the last hélf of the month decreased the
ice coveri the polishing pond was less than half covered with
jce at the end of the month. The aeration basin developed foam
during tﬂe warm weather, Surface aeration was used after mia
month. The mixed liquor was still very silty with a slight in-

crease in the number of rotifers present.

-March, 1973

. The mixed liquor héd a steady increase in biological
activity and temperature, and some stalked cilliate appeared.
Foam was present on the aeration basin fer the first part of
the month., The first algae bloom in the polishing pond occurred
at mid month, The aerated effluent waé very turbid during the
entire month. During the last week the surface aerator was

moved as far from the sedimentation basin partition as possible.
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April, 1973

The mixed liquqr continued to increase in biological
activity and temperature., The aerated effluent was very turbid.
Problems with the performance of the settliing tubes continued.
There was intermittent floating sludge on the sedimentation

basin. Algae blooms appeared in the polishing pond.

May, 1973

The mixed liquor developed a diverse population of bio-
logical organisms. There were many rotifers, stalked cilliate,
and large single celled organisms. .Heavy rain during the first
week washed more silt into the aeration basin. There was an
increasing amount of floating sludge in the sedimentation basin,
which formed a two to four inch cover within 48 hours by the
end of the month. Modificaticns were made in the sedimentation
basin at the end of the month. Algae blooms continued in the

polishing pond.

June, 1973

After June 2, the air diffusers were used, and there was no
foaming in the aeration basin. No floating sludge was present in
the sedimentation basin. After the second week the effluent
above the settling tubes was clear enough to allow visibility of
the tubes. Periodic algae blooms continued in the polishing

pond. The mixed liquor temperature reached and remained at 26° ¢,

July, 1973

The plant operatéd very well with very clear effluents.

Algze vlooms continued. MNo difficulties were encountered.
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ABSTRACT

The extended aeration activated sludge waste treatment
process was investigated-to determine its effectiveness for
small communities during initial operation. New concepts
incorporated into the plant design were evaluated.

The treatment plant provides excellent treatment through
~the dilutipn_of wastes and extreme detention timés associated
with the low flow conditions. Settling tubes allow constant
return of the settled sludge to the aeration basin without
costly sludge return equipment. A polishing pond has a level=-
ing effect on fluctuations in the extended ‘aeration *reatment
process; preventing solids loss to the final effluent, and
providing additional reduction of effluent BGD5 and COD. There
is little regrowth of coliform organisms. Chlorination is
very effective prior to the polishing pond. .

Winter operation of a lightly loaded exteﬁded aeration
plant creates many problems that require special design consid-
erations. Oversizing of surface aerators upsets the treatment
process and contributes to additional winter problems. CCD
determinations give a btetter indication of the treatment
“achieved and provide more useful information in the operational

control of the treatment process than BOD.





