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ACTIVATED SLUDGE PRCCESS

INTRODUCTION & COUCIUSION

Operational experience at dozens of sewage
treatment plants has shown that, to achieve
dependable, consistently zatisfactory, muni-
cipal and industrial vacte treaiment plant
performance, the owners should:

Retain the best possible consultants
for design.

Hire the best trained, intelligent,
dedicated, Imaginative Suverintendent
and Operators available.

DESIGN CONSIDERATIONS

Though this discussion emphasizes activated
sludge treatment, the Tfollowing four general
design concepts have been found essential to
plant dependability for practically all types
of waste treatment plants.

Select the Proper Process Type.

Provide Generous Capacity.

Include Essential Flexibility.

Make Plant Truly Controllable.






Early in the decign stage, the engineer must
exercise hic best experienced professional
Judgnent in celecting the Process Modification
most appropriate o the xnown characteristics

of the incoming wastes, and the effluent quality
requirements.

The following illustrations, for example, are
dravn from personal plant operation experiences:

1.

The "Classic Activated Sludse Process"
design - conforming generally to "10-States
g (o) 2 y
Standards” ,usually verforms satisfactorily
or "normal municipal wastes" where domestic
for " al nal tes" wh bl ti
sewage predominates,

The "Classic Activated Sludge Process’ is
defined as the original activated sludge
system; where all return sludge and all
settled sewage enters the head end of the
seration tanks.

The "Complete Mix" modification has been
found admirably suited for mixtures of dom-
estic sewage and industrial wastes with highly
variable characteristics and concentrations,

The "Step Aeration” modification permits an
operator to select and change his basic pro-
cess cycle to accommodate unexpected overloads,
to adjust sludge colids distribution and to
control mixed liquor sludge characteristics.

To be truly effective; the "Step" design
must permit controlled measured incremental
sewage discharge to each aerator pass or com-
partment. It must also permit discharging
100 percent of the sewage into the head end of
the aerator or to the last pass. Such an aera-
tor can then be operated in either extreme -
Classic Mode or Contact Stabilization lMode - or
any place in the middle - according to the "Step”
percentages that are selected - to meet actual
loading and system demands.
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thal way be nicessary ©vo meet spec-
ial water quelity criteria. This
paper does 201 include discussion
of these important features that
are covered thorougnily by the Ad-
vanced Waste Treatm:nt Research
Laboratory in Cincinnati.






When dn dovht - and vho ien't at times? - Pilot!
The term "filot Swudies,” naving a broad general
meaning, could include:

1. Ben-h Scale. Waste treatability
studies can be performed effectively
and economically at Bench Scale.

2, Pilot Scale. A specially constructed
small pilot plant (possibly 0.1 MGD or
more capacity) may be needed if addi-
tional essential information is required.
Such units can validate procecs suit-
ability, relative tank cizec, and system
dynamics for the proposed full size plant.

3. Demonstration Scale. In some cases,
full sized plant units must be utilized to
demonstrate the relative effectiveness of
various facility arrangements. At times
certain units in existing plants can be
modified for such study before the design
of plant additions is initiated. For ex-
ample, it is impractical, if not impossible,
to prove the suitability of various over-
Tlow weir arrangements for 150 ft. diameter
final clarifiers from studles on 10-ft, dia-
meter pilot scalc models.

The type and extent of Pilot Studies will obviously de-
rend upon effluent requirements; the specific informa-
tion needed; and the size, complexity and cost of the
treatment facilities to be constructed.






should be interpreted skillfvlly, and uoed as intended. In other
words, mo.t sugzectione in cucii naonuals shoulda be considered as
minimum, and not maximun, reculrements to achleve plant depend-
ability and to provide eg-. entiel factors of safety. Generous
capacity is always welcomed by plant orneraiors and by plant managers
facing the necessity for day-in, cay-outl, depcndavle and acceptable
plant perfocrmance and efl{luent cuallty. Surplu. capacity, if any,
that might be provided will in most cases be used up rapidly as the
communities faze unexpected ranid population growth and unoredictable

development of new wasve-produciug indurtries within the area.

Design criteria such as, "10-States Standards" and others,
2c a
1

A, Some design criteria, baced on ML hour average flow
and load, include appropriate dlver51ty factors to
accommodate the normzl cyclic veaks that occur dur-
ing each 2k-hour period. Such 2i-hour design cap-
acities should be vased on the averages anticipated
during the maxirmm Tflow and loading producing wee&
of the year. Jovicusly, any aonormally high short
term peax load:r, that can oo anticinated, must al
be included in the design loadinsz.

J_ A

B. Accomrodete full load with either one aerator
or one clarifier out of rervice for maintenance.
You all know that at times equipment units must
be taken out of <ervice for maintenance or repair.
Out of dozens of activated sludge plants, I can
only recall one or two that did not have a final
clarifier down for maintenaace at some time dur-
ing my stay at the plant. In a four-tank design,
for example, this means that clariiiers rust be
designed so that three of the four can successful-
1y handle the esuvimated total decign flow. Simil-
arly, aeration caracity muet be large enough so
that tiaree of the ¢ou* aerators can handle the
total estimated deczign load.

C. Provide multivle aerators and clarifiers; prefer-
ably four each for medium to large plants.

This is, of cource, a corollary to the previously
mentioned reguirement.






Additionalliv. relo Tve aeratar To clarilier vol-
wme . - ~oo coustvioned o rhuain o
VOriaull, ;7. .. —.l.ouly Dl wien any onn
unit is taken out of cerv1"e. Though discussious
of relative scrator to clorifier volumes usually

becomes controvorcoial, my experience indicates

that properly talanczed cperation can be obtained
'hen the total ~zraisr volume aunproximatecs twice
the total clari: voluwe., 41itn this relation-
ship, for e:aurcl olant og ration of a four-
aerator/four-al: nmignt require approxi-

mately fifty re zludge oumping. With
one aerator out ol ~evrvice, the return <ludge pump-
ing demand mi:nhu iaerca»e to 100 percent; and con-

}4

versely, with one clariiier out of service, come-
thing in the acis bqrhcod o7 *hnirty percent return
sludge pumping mlﬂht be reqpl*ca. Other process
requirements, that will change when individual units
are taken out of cervice, can usually bve accommodated

effectively under such circumstances,

Include the estimated vlant recvcle (thickener over-
flow, filter underflow, dilutioan flows, etc.) in the
decsign load. In cne exureme cace, the additional
flowe impoced by eiiluent dilution of sludge thick-
ener influernt, scrubbing water ior the furnaces, etc,
approximated fifty percent of the incoming sewage flow
volume, In most cacses, such recycle flows can easily
exceed ten percent and poseivly approach twenty percent
of design Tlows. Thece adchloaal flows will influence
aeration tank detention times and final clarifier over-
flow rates and must e considered in the design of ade-
quately cized units.

Sludge handling facilities must be designed to accom-
modate the maximum (not the average) anticipated sludge
quantities; and with uanits down for maintenance. Remem-
ber, sludge wasting requirements at activated sludge
plants can vary greatly from day-to-day in response to
sewage loads, process equilibriuvm, and mixed liquor
sludge quality. At times, extremely hisgh wasting rates,
greatly in excess of the anticipated average, will be
needed to restore process equilibrium when a system 1is
sliding out of balance.

Generous sludge holding-equalizing tank capacity is
essential and can reduce substantially the danger of
periodic overloading of sludge procecssing equipment.






INCLUDE ESSENTIAL FLEXIBILITY

Design considerations that effect, and permit operating
flexibility are presented in brief outline form. Though readily
understood, and almost universally accepted, omission of one or



INCLUDE ESSENTIAL FLEXIBILITY

Design considerations that effect, and permit operating
flexibility are presented in brief outline form. Though readily
understood, and almost universally accepted, omission of one or
more of these elements has been observed in all too many plants.
lack of essential flexibility frustretes operators and degrades
effluent quality. Give the operator the tools he needs to modify
anticipated control schedules in order to accommodate some of the
unforeseen difficulties he will almost certainly face at times.

A, Process

1. If the activated sludge process
is selected for secondary treat-
ment; evaluate the relative ad-
vantages of both the "Classic"
process and the "Complete Mix"
modification with reference to
the type and characteristics of
the incoming raw wastes, and the
plant performance requirements
needed to meet final effluent and
receiving water quality objectives,

2. Provide for "Step" operation of any
"Classic" or conventional activated
sludge system.

3. Be sure any "Step" design can be
operated in all modes; from Classic,
through variable step proportions,
and to "Contact Stabilization".

L, Where practical, provide each aerator-
clarifier combination (or each group
of aerators and clarifiers) with its
own separate return and waste sludge
pumping facility.

B. Aeration Tanks

1. Provide truly effective mixing and oxy-
genation.,
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e TS, Don't
compromice by ineffective modifi-
cations of inappropriate basic
aeration devices.

Provide truly controllable, measur-
eble, variable outputs for mechani-
cal aerators pr alr blowers.

Provide separate, controllable,
metered air headers for each pass,

or compartmented zone of the aera-
tion tank. For exemple, don't con-
nect the "A" pass (with its relative-
1y high air demand) of one aerator
and the "C" pass (with its relative-
1y low air demand) of an adjacent
serator to a common air header.

Consider provision of recording D.O.
meters. (Preferably actuating air
blower controllers.)

Consider provision of mixed liquor
solids concentration sensor and re-
corder. (Also similar for return
sludge solids concentration.)

C. Final Clarifiers

1.

2.

Obviously - minimize excessive veloc-
ity currents and short-circuiting.

Don't skimp on surface area. Contem-

porary high capacity designs appear to
require considerably less than the con-
ventional 800 Gals/Day/Sq. Ft. overflow
rate.

For large tanks (certainly for 100 feet
in diameter and greater) provide appro-
priately located and properly spaced
multiple effluent weir launders.

Provide effective surface scum collec-
tion and removal devices.






Congider 12 fest as a mindmum
practical side wall depth.
(Despite calculable theory -
shallow tanks aggrevate floc
carry-over characteristics.)

Provide combination suction-
scéraper sludge ccllectors to
minimize clarifier sludge de-
tention time. (Be sure that
the actual sludge withdrawal
capacity equals at least 100
percent of design waste flow
plus recycle.)

D. Return Sludge Pumping Facilities

Provide multiple, remotely ad-
Justable, return sludge pumps
capable of returning at least
100 percent of design waste
plus recycle flow with one pump
out of service for maintenance.

E. Excess Sludge Wasting

l.

Provide metered, controllable,
waste sludge pumps - separate
from the return sludge pumps.

Be sure they can be operated at
the low wasting rates required

at times. (A valved interconnec-
tion to the return sludge pumping
system can accommodate the excep-
tionally high wasting demands that
occur occasionally.)

Provide a suitable valved inter-
connection to permit wasting either
from the aerator outlet (mixed lig-
uvor) or from the clarifier sludge
withdrawal system (return sludge).
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F. Emergency Chenical Treatment

1. Provide feeders and piping to per-
mit emergency application of chem-
icals to aerators or clarifiers (
and primary tanks).

2. For example - application of poly-
mers and ferric chloride to the
clarifier inlet has solved serious
classic bulking; and apparently
without destroying other desirable
sludge characteristics.

G. Adjunct Facilities

1. General - This Section will only
highlight general concepts concern=~
ing certain related plant facilities.

2. Primary Clarifiers - Don't skimp on
size and surface overflow rates, es-
pecially if excess activated sludge
is to be wasted to the primary clari-
fiers.

3. Sludge Handling Facilities

a) Must be designed to handle
maximum (not average) anti-
cipated loads, with units
down for maintenance.

b) Must be provided with gener-
ous storage, or equalizing,
tanks to accommodate periodic
peak requirements that will
at times exceed even estimated
maximum loads.

c) Then provide means for dis-
posing of partially processed
sludge during breakdowns.

1) Take a sludge thickening -
filtering - burning process,
for example:
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3)

Be sure filtered sludge can
be collected, conveyed out of
the building and hauled away
in case of serious furnace
breakdown.

Consider, for example, sludge
digestion: -

Provide facilities to collect,
pump, and haul supernatant and
partially digested sludge to
prescribed land disposal if di-
gestion or drying facilities are
seriously overloaded.

Plan an "out" so that the secon-
dary process and effluent auality
need not be degraded by break-
down of other plant facilities.

Equalizing Tanks - In special situations

(separate interceptors collecting slug-flow
strong wastes) provide adequate raw waste
holding tanks to permit uniform process
loading throughout the 24-hour cycle.

Holding Ponds -~ Consider holding ponds for

effluent polishing, or for storage and re-
cycle of primary effluent, during periodic
severe plant overloading.
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Meters

The activa

process thr
and accurat c o}
valves, pum>s and blovers for optimum perform—

ance. More importantiy; it should be developed
and run by intellis

operators.

nict vnc7ude ugprop iate meters

4‘;3 C'?’

o “lwd”@ cvetem 1s a controllable
L Ay
ol

ent competent designers and

1. Obviously - the most reliable, proper
type, meters should be specified.

2. Throughout the vlant, meters can range
- from the most cimple elementary type to
the highly cophicticated system; depend-
ing upon the specific output needed.

3. A single subcontractor should supply, and
and be fully resronsible for satisfactory
performance of, the entire meter-controller
package.,

L. A qualified instrument technician should be
included on the staff of all large plants.
A capable technician, from within the com-
runity i1if possivle, should be retained for
periodic meter maintenance and emergency
repair at smaller plants.

5. Separate independent meters are needed at
each plant unit requiring control adjust-
ment.

A summator, in addition to read-out from
individual meters, is helpful for multi-
unit plants. 3But beware of a subtractor

as the sole means of obtaining an essential
third flow measurement from two other inde-
pendent meters.

6. Beware of relying too greatly on so-called
hydraulic similitude for balancing flows
between multivle units. Individual meters
and control gatves are usually needed in
criticel areas
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cnouga) v pernil ACCUraie measurcLent ou
the relatively low initial flow rates.

When rives are sized for future additions,
it may be necegcary to install replaceable
meters in temporarily reduced pipe sections,

8. Be certain that metering is adecuate to per-
mit accurate control adjuctments, maintain
essential valance in multiple parallel plant
units, to docuwneunt plant performance, and to
evaluate procesc and effluent quality require-
ments.

a) Meacure either plant influent or
effluent ceparately. A odack-up
gensor and indicator on the other
will be useful. Don't depend on
mechanical addition of other inter-
nal meters for this value.

b) Be sure that waters recycled within
the plant are metered and can be
accounted for. (Thickener influent
and effluent, dilution water, fur-
nace condencer spray, etc.)

c) Provide individual meters for each
of the fellowing cimilar parallel
plant features. (i.e. Four meters
for influent flow to four parallel
aerators, )

1) Return Sludge Flow -

To each Aerator.
From each Clarifier.

2) Vaste Vater Flow -

To each Aerator.
To each pass in "Step" (¥).
From each Clarifier(¥¥).

3) Mixed Liquor Flow
To each Clarifier.

4) Air Discharge -
To each Aerator.
To each "pass" of each Aerator(*).

5) Waste Sludre - One meter for each
individual aerator-clarifier batiery.

(%) Can ve calidbrated manometers or cimple indicating meters,
(%%) Desirable, but can be eliminated if all other meters are providead.
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General

In large muliti-unit plants it is
utterly impractical to adjust or bal-
ance flows manvally at valve or »ump
leccations that are almost always far
removed from the meter panels.

A centrally located meter-control
panel, wired to mechanical valve and
pumn actuatore, npermitc accurate ad-
Juutment of critical flows while ob-
cerving the meiered recsponse. This
appliec in priuciple, though not in
degree, to cmall as well as large
plants,

Remotely actuated controllers should
be provided for:

a) Return and waste sludge pumps.

b) Proportioning waste water and
return sludge flows to individ-
ual aerators.

c) Proportioning mixed licuor flow
to, and return sludge withdrawal
from, individual clarifiers.

C. Automatic Controllers

1.

General

Density sensors coupled to automatic
controllers should be provided as part of
the adjunct sludge handling and disposal
facilities. Such control, according to the
operator's "set point" requirements greatly
improves sludge thickener, digester, etc.
performance and minimizes tne supplementary
recycle load on the secondary treatment
facilities.

Other automatic controllers that can im-
orove plant performance are:

a) Blower control by D.O. sensors.
b) Meter actuated controllers to pro-

portion return sludze pumpage
according to the cyclic incoming
waste water [low rates.
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Vosed Yicuols and reTurn ciudge
concentration censors are being
developed to control return
sludge pumping and solidc distri-
bution.
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stionably true
. TS a. guired to

achieve the higsn guality elfluent that can be
produced vy prorerly decigned waste treatment
plant:. OCf even creater importance; dedicated,
experienced,  operator insemmity is needed to

zet the best out of vlants that may suffer

from certain decign defects. Though some of

the requirementc for proper operational control
discu-red here may reem repetitious to a few,
all of thece elements have been observed again
and acain where coaformance Lo such principles
has enhanced pollution avatement immeasuradly
or, conversely, where neglect has degraded final
effluent quality.

PERSONNEL
1. Hire the best gualified people available.

2. Exert your greatest, and most effective,
support to Operator Certification programs.

3. Send selected personncl to training courses
and to similar treatment plants to upgrade
their knowledge.

4.,  Conduct continuing in-house training.

5. Incpire all operators to recognize that
consistent production of the best possible
final effluent quality is their foremost
Job responsibility.

6. In medium to large activated sludge plants;
be sure there is & staff position - somewhere
between the Superintendent and crew chnief
positions « with the specific responsibility

to evaluate plant performance, cauce and effect

relationshive, and o direct process control
operations.

T, Obviously; provide tools and facilities the
staff needs to accomplich thelr objective.
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DUTY DEIHCATION

Practically every one is, or should be,
avere of the need for properly planned
safety, »reventive maintenance, and em-
ergency repair duty delegation.

Conduct critical reviews of routine opera-
ting procedures. Minimize less important
activities to provide additional time to
beef-up the more essential and productive
operational tasks.

Be sure crew chiefs are fully aware of
their specific responsibility and author-
ity. Excecss sludge wasting schedules, for
example, are dictated by process and efflu-
ent quality reqguirements. Wasting adjust-
ments should, therefore, be directed by the
secondary process crew chief; not by (ex-
cept in extreme emergency) the crew chief
in charge of sludge handling.

Written Standing Orders and Special Instruc-
tions should ve posted in the control office
to avoid confusion among shift operators
coming on duty around-the clock.

CONIROL TESTS

Again; 2ll of us are aware of the need for
conscientious, timely and proper sample
collection,

Essential control tests should be run at
least once every O8-hour shift; and more fre-
quently when needed during troublesome times.

The control test series for activated sludge
should include the all too frequently neg-
lected following routines: |

Aeration Tank D.O.

Clarifier sludge blanket depth.
Final effluent turbidity.

Mixed liquor sludge settlometer test.

Sludge concentration by centrifuge tests.
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Covx>ls Jooc o3 s coe s control dovands Tron
Tz oo L L Lea et series will Cecscribe
process statuc and dictate the type and magni-
tude of control adjustments needed to maintain,
or restore, droper process performance,

PROCESS RALIARITITY

aff member directing process

The cenior st
rations cnould:

control ooe

a, Summarize and evaluate all essential
conirol teect duta, recults of demand
calculations, and extent of control
ad justments daily.

b. Develop (and keep up-to-date) running
trend charts illucstrating significant
features of plant performance. For
example:

Plant Ioading

Sludge Settling Characteristics
Sludgé Concentration Characteristics
Sludge Blanket Depth

Final Effluent Turbidity, etec.

c. Study trend charts and determine cause-
effect relationships between process con-
{rol and plant performance to0:

1) Document loadings or control pro-
cedures that have caused trouble
and must be avoided in the future.

2) Identify procedures that have proved
successful and should be continued.

By conscientious, intelligent application of the
basic operational requirements, discussed prev-
iously, the Director of a properly designed treat-
ment plant will achieve consistently reliable plant
performance and excellent final effluent quality.






