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DESCRIPTION OF A TYPICAL MUNICIPAL WASTEWATER TREAT MENT
PLANT

Upon reaching a wastewater treatment plant, theemaser flows through a series of
treatment processes (Figure 1) that remove theewdsbm the water and reduce its
threat to public health before it is dischargedrfrthe plant. The number of treatment
processes and the degree of treatment usually depenthe uses of the receiving
waters.

Figure 1. Flow diagram of wastewater treatmenttpbaocesses




MEDAWARE- Task 6: “Guidelines for monitoring”

Not all treatment plants are alike; however, them certain typical flow patterns that
are similar from one plant to another. Figures 23n8l 4 show some possible flow
patterns through treatment plants.

Figure 2. Possible flow patterns through a triaklfiter plant
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Figure 3. Possible flow patterns through an actdaiudge plant
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Figure 4. Possible flow patterns through a pondtinent plant

When wastewater enters a treatment plant it usutidly through a series of
pretreatment or preliminary treatment processeseesing, shredding and grit removal.
These processes remove the coarse material fronwéséewater. Flow measuring
devices are usually installed after preliminaryatneent processes to record the flow
rates and volumes of wastewater treated by thd.dPaa-aeration is used to “fresh-en”
the wastewater and to help remove oils and greases.

Next the wastewater generally receives primarytitnieat. During primary treatment,
some of the solid matter carried by the wastewaikrsettle out or float to the water
surface where it can be separated from the wastewaing treated.

Secondary treatment processes usually follow pgrir@atment and commonly consist
of biological processes. This means that organisnmgy in the controlled environment

of the process are used to partially stabilizedi@&) organic matter not remove from
the wastewater.

Waste material removed by the treatment processes tg solid handling facilities and
then to ultimate disposal.
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Waste treatment ponds may be used to treat wasteairming in wastewater after
pretreatment, primary treatment or secondary treatm Ponds are frequently
constructed in rural areas where there is suffiaeailable land.

Advanced methods of waste treatment are being dpeél for general cleanup of
wastewater or removal of substances not removexbbyentional treatment processes.
They may follow the treatment processes previodggcribed, or they may be used
instead of them.

Before treated wastewater is discharged to theiviegewaters or reuse, it should be
disinfected to prevent the spread of disease.

Preliminary treatment

The initial stage in the wastewater treatment msd#llowing collection and influent

pumping) is preliminary treatment. Raw influent eeig the treatment plant may
contain many kinds of materials (trash). The puepo§ preliminary treatment is to

protect plant equipment by removing these matettzds$ could cause clogs, jams, or
excessive wear to plant machinery. In addition,rdraoval of various materials at the
beginning of the treatment process saves valugaleeswithin the treatment plant.

Preliminary treatment may include much differenaqass. Each is designed to remove
a specific type of material, a potential problemn floe treatment process. Processes
include: wastewater collections (influent pumpingcreening, shredding or
comminution, grit removal, flow measurement, praéien, chemical addition and flow
equalization).

Screening: Wastewater flowing into the treatmeanpiwvill occasionally contain pieces
of wood, roots, rags and other debris. To protqoiment and reduce any interference
with in-plant flow, debris and trash are usuallynmed by a bar screen. Most screen in
treatment plants consists of parallel bars pladednaangle in a channel in such a
manner that the wastewater flows through the BeErash collects on the bars and is
periodically raked off by hand or mechanical means.

Shredding or comminution is a mechanical treatnpeotess which cuts large pieces of
waste into smaller pieces so they will not pluglamage equipment.

Grit chambers and grit channels: most sewer pipeda&d at a slope steep enough to
maintain a wastewater flow of 0,6 m/s to prevent ¢neavy material present in
wastewater such sand, gravel...) from settling inphpes. If the velocity is reduced
slightly below that, say to 0,45 m/s, some of tgér, heavier particles will settle out.
If the velocity is reduced, say to 0,3 m/s, heamgrganic material such as sand,
eggshells and cinders will settle, but the lighiteorganic material will remain in
suspension.

Grit should be removed early in the treatment pgedeecause it is abrasive and will
rapidly wear out pumps and other equipment. Sih¢e mostly inorganic, it cannot be
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broken down by any biological treatment process thnd should be removed as soon
as possible.

Grit is usually removed in a long, narrow througlied a “grit channel”. A grit channel
is designed to provide a flow-through velocity gBdn/s. The settled grit may be
removed either manually or mechanically.

Many treatment plants have aerated grit chambemhich compressed air is added
through diffusers to provide better separation mtf @hd other solids. Aeration in this
manner helps to prevent odors and to assist thedial treatment process.

Flow measuring devices

Although flow measuring devices are not for tregtivastes, it is necessary to know the
quantity of wastewater flow so adjustments can bderon pumping rates, chlorination
rates, aeration rates and other processes indhé pllow rates must be known, also for
calculation of loadings on treatment processesti@aiment efficiency.

The most common measuring device is a Parshallefluasically it is a narrow place
in an open channel which allows the quantity oivfkm be determined by measuring the
depth of flow. This method is widely used for measy wastewater because its smooth
constriction does not offer any protruding sharmesd or areas where wastewater
particles may catch or collect behind the metedegce.

Another opening device used in open channels ieia. Whe weir, which is placed
across the channel, is a wall over which the wastiervmay fall. Weirs are usually
made of a thin material and may have either a mgetar or V-noch opening. The flow
over the weir is determined by the depth of wastewgoing through the opening. A
disadvantage of the weir is the relatively deadewapace that occurs just upstream of
the weir. If the weir is used at the head end efpifant, organic solids may settle out in
this area. When this occurs, odors and unsighires result. Also, as the solids
accumulate, the flow reading may become incorrect.

A good measuring device for flows of treated oreated wastewater in pipelines is a
Venturi meter. This meter has a special sectiarpatracting pipe, and it measures flow
by measuring the difference in pressure in thelpipdefore the constriction. There are
no sharp obstructions to catch rags and debrisnktagflowmeters also are being used
successfully to measure wastewater flow.

Primary treatment

The first step in the primary treatment is the pssc called sedimentation. In this
process the waste is directed into a large tartkasm. Flow velocity in these tanks is
reduced to about 0,009 m/s, allowing the settabliessto fall to the bottom of the tank
and lighter material to float to the water surfatteys making the wastewater much
clearer. For this reason these sedimentation tam&scalled “clarifiers”. The first
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clarifier that the wastewater flows into is calledmary clarifier. After biological
treatment is usually necessary a secondary clarifie

Clarifiers are either rectangular or circular. Pamn clarifiers are usually designed to
provide 1,5 to 2 hours of detention time (the tle&ioal time required for a given flow
of wastewater to pass through a tank). Generallyltimger the detention time, the
greater the solids removal. Removal of these solitlsusually reduce the BOD of the
waste approximately 30 per cent. The exact remdepknds on the amount of BOD
contained in the settled material.

All primary clarifiers must have a means for cdlieg the settled solids (sludge) and
the floating solids (scum). In rectangular tanksdge and scum collectors are usually
beams (flights) attached to endless chains. THedatol flights travel on the surface, in

the direction of the flow, conveying grease anat#ble solids down to the scum trough
to be skimmed off to the solids (sludge) handliaglities. The flights then drop below

the surface and return to the influent end alorgy libttom, moving the settled raw

sludge to the sludge hopper. The sludge is perdlgipumped from the hopper to the

sludge handling facilities.

In circular tanks, scrapers (plows) attached totating arm rotate slowly around the

bottom of the tank. The plows push the settled ggutbwards the center and into the
sludge hopper. Scum is collected by a rotatingdktdhe surface. As in the case of the
rectangular tank, both scum and sludge are usymaligped to the solids or sludge

handling facilities.

The clear surface water of the primary tank flovesf the tank by passing over a weir.
The weir must be long enough to allow the treatatewto leave at a low velocity; if it
leaves at a high velocity, particles settling te bottom may be picked up and carried
from the tank.

Secondary treatment

The wastewater flows from the primary clarifierdnanother unit where it receives
secondary or biological treatment. This means thastewater is exposed to living
microorganisms (bacteria) that eat the dissolved @aon-settleable organic material
remaining in the waste. The two processes used shlmoiversally for biological
treatment are the trickling filter and activateddgle. These are both aerobic biological
treatment processes, which means the organismgegetdjgsolved oxygen in order to
live, eat and reproduce.

Trickling filters: Most of these plants are designed to remove P0-85 the BOD
causing wastes and suspended solids present iinfiinent.

The trickling filter is a bed of rock, slag blocks specially manufactured media over
which settled wastewater from the primary clarifiex distributed. The settled

wastewater is usually applied by an overhead rigatistributor and trickles over and
around the media as it flows downward to the efftueollection channel. Since the
media and the spaces in between them are largsiacel the applied wastewater no
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longer has any large particle (they settled outhin clarifier), the trickling filter does
not remove solids by a filtering action. The filteed offers a place for aerobic bacteria
and other organisms to attach themselves and ryulip they feed on the passing
wastewater. In the trickling filter the organismseuthe oxygen that enters the waste
from the surrounding air. Thus the voids betweenrtiedia must be large so sufficient
oxygen can be supplied by circulating air.

The wastewater being distributed on the filter Ugulaas passed through a primary
clarifier, but it still contains approximately 7@nuent of its original organic matter,

which represent food for microorganisms. For tleiason a tremendous population of
organisms develops on the media. This populationimees to grow as more waste is
applied. Eventually the layer of organisms on thedia gets so thick that some of it
breaks off and is carried into the filter efflu@hiannel. Since this material is principally
organic matter, its presence in a stream wouldngesirable and is usually removed by
settling in a secondary clarifier.

Rotating biological contactar§hese units are similar to trickling filters aak located
after primary clarifiers. Biological contactors leaa rotating “shaft” surrounded by
plastic disc called the “media”. A biological sligeows on the media where conditions
are suitable. This process is very similar to ektimg filter where the biological slime
grows on the rock or other media and settled wastw(primary clarifier effluent) is
applied over the media. With rotating biologicahtaxtors, the biological slime grows
on the surface of the plastic-disc media. The sism®tated into the settled wastewater
and then into the atmosphere to provide oxygentHer organisms. The wastewater
being treated usually flows parallel to the rotgtishaft. Effluent from the rotating
biological contactors flows through secondary &ikens for removal of suspended solids
and dead slime growths.

Activated sludge Another biological treatment unit used in secogd&eatment,
following the primary clarifier, is the aeratiomta When aeration tanks are used with
the sedimentation process, the treatment plantlied Activated Sludge plant. The
activated sludge process is widely used by largescand communities where land is
expensive and where large volumes must be higldsted, economically, without
creating a nuisance to neighbors. These plantsagr@ble of BOD and suspended solids
reduction of 90 to 99 percent.

The activated sludge process is a biological peesl it serves the same function as a
trickling filter or rotating biological contactoEffluent from a primary clarifier is piped
to a large aeration tank. Oxygen is supplied to thek by either introducing
compressed air or pure oxygen into the bottom eftéimk and letting it bubble through
the wastewater and up to the top, or by churnimgstirface mechanically to introduce
atmospheric oxygen.

Aerobic bacteria and other organisms thrive as thayel through the aeration tank.

With sufficient food and oxygen they multiply rappidBy the time the waste reaches
the end of the tank (usually 4 to 8 hours) mosthef organic matter in the waste has
been used by the bacteria for producing new cfis.effluent from the tank consists of
suspended material containing a large populatioarganisms and a liquid with very

little soluble BOD.
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The organisms are removed in the same manner yasvére in the trickling filter plant.
The mixed liquor is piped to a secondary clarifibe organisms settle to the bottom of
the tank while the clear effluent flows over the tf the effluent weirs. This effluent is
usually clearer than a trickling filter effluent daise the suspended material in the
mixed liquor settled to the bottom of the clarifimore readily than the material in a
trickling filter effluent. The settled organisme&known as activated sludge, extremely
valuable for the treatment process. If they areonesd quickly from the secondary
clarifier, they will be in good conditions and “hgny” for more food (organic matter).
They are therefore recirculated to the influent ehdhe aeration tank where they are
mixed with the incoming wastewater. Here they begjinover again to feed on the
organic material in waste, decomposing it and argatew organisms.

Left uncontrolled the number of organisms wouldreually be too great, and therefore
some must be periodically removed. This is accoshplil by pumping a small amount
of the activated sludge to the primary clarifier directly to the sludge handling
facilities. If the organisms are pumped to theifitar they settle along with the raw
sludge and then are removed to the sludge hanfdgilifies. There are many variations
to the conventional activated sludge process, bay tall involved the same basic
principle.

Secondary clarifiets As previously mentioned, trickling filter, rotag biological
contactors and activated sludge tanks produceesitifuthat contain large population of
microorganisms and associated materials. Theseanganisms must be removed from
the flow before it can be discharged to the reogivwaters. This task is usually
accomplished by a secondary clarifier. In this tdh& trickling filter or biological
contactor materials or activated sludge separata® the liquid and settles to the
bottom of the tank. This sludge is removed to theary clarifier to be resettled with
the primary sludge or returned to the beginninghaf secondary process to continue
treating the wastewater. In most activated sludgatphe waste activated sludge is
pumped to waste sludge handling facilities instefatt the primary clarifier.

Tertiary treatment

The main objective of the tertiary treatments is thmoval of dissolved nitrogen and
phosphorus compounds of the purification plantueffit, with the aim to limit their
eutrophying effect in the receiver water body.

Tertiary treatment may include processes to remmweients such as nitrogen and
phosphorus, and carbon adsorption to remove ch&niddese processes can be
physical, biological or chemical.

Chemical treatmentThe purpose of chemical treatment is to remov@DB TSS,
Phosphorus, heavy metals and other substancesahate chemically converted to a
settleable solid. Chemical treatment is often aqidmined as an addition to existing
treatment systems or by means of separate fasikpecifically designed for chemical
addition. In each case, the basic process necetssachieve the desired results remains
the same:

14
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- Chemicals are thoroughly mixed with the wastewater.
The chemical reactions that occur form solids (ctetgon).
The solids are mixed to increase particle size¢ildation).
Settling and filtration (separation) remove thadsol

Filtration: The purpose of filtration processes is to remeuspended solids. The
specific operations associated with a filtratioisteyn are dependent on the equipment
used. Wastewater flows to a filter (gravity or puaszed). The filter contains single,
dual, or multimedia. Wastewater flows through thedm, which removes solids. The
solids remain in the filter. Backwashing the filt@s needed removes trapped solids.
Backwash solids are returned to the plant for ineait.

Biological nitrification Biological nitrification is the first basic stepf biological
nitrification-denitrification. In nitrification, te secondary effluent is introduced into
another aeration tank, trickling filter or biodid8ecause most of carbonaceous BOD
has already been removed, the microorganisms thed oh this advanced step are the
nitrifying bacteriaNitrosomonasandNitrobacter. In nitrification, the ammonia nitrogen
Is converted to nitrate nitrogen, producing a figd effluent. At this point, the nitrogen
has not actually been removed, only convertedftora that is nontoxic to aquatic life
and that does not cause an additional oxygen demand

Biological denitrification Biological denitrification removes nitrogen from the

wastewater. When bacteria come in contact witht@fiad element in the absence of

oxygen, they reduce the nitrates to nitrogen gdsclwescapes the wastewater. The
denitrification process can be done in either aoxanactivated sludge system. The

denitrification reaction will only occur if an oxgg demand source exists when no DO
is present in the wastewater. An oxygen demandcsasrusually added to reduce the
nitrates quickly. The most common demand source@dkisoluble BOD or methanol.

Rock filtration The polishing ponds do not only remove nematagel®it also increase
the Suspended Solids in the final effluent duehi piresence of algae. It is therefore
designed to use horizontal rock filters to enhatheefinal effluent quality by removing
algae.

Stabilization pondsThese ponds are a special method of biologieattnent. When
wastewater is discharged to a pond, the settlesddids fall to the bottom just as they
do in a primary clarifier. The solids begin to degmwse and soon use up all the
dissolved oxygen in the nearby water. A populatbanaerobic bacteria then continues
the decomposition, much the same as in an anaedaj@ster. As the organic matter is
destroyed, methane and carbon dioxide are released.

Some shallow ponds have dissolved oxygen througtheut entire depth. These ponds
are called aerobic ponds. They usually have a caid&rator adding oxygen as well as
their oxygen supply from algae. Another type ofaéed pond has oxygen delivered by a
diffused air system similar to the system usecciivated sludge plants.

Deep, heavily loaded ponds may be without oxygewuighout their depth. These
ponds are called anaerobic ponds. Pond that centminaerobic top layer and an
anaerobic bottom layer are called facultative poiitiese are the ponds normally seen
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in most areas. If they are properly designed aretaipd, they are virtually odor-free
and produce a well-oxidized (low BOD) effluent.

Occasionally ponds are used after a primary tre@tnmeit. In this case they are usually
called “oxidation ponds”. When they are used tattraw wastewater they are called
“stabilization ponds”. Maturation ponds are loweratabilization ponds typically used
for the removal of pathogens and intestinal nenatagls. Long detention time, natural
die-off of bacteria and many unfavorable conditidredp to improve the microbial
quality of the incoming treated wastewater to theturation ponds. A polishing pond,
receives flow from an oxidation pond or other setayg treatment systems. Polishing
ponds remove additional BOD, solids and fecal oafif and some nutrients.

Parameters to control in ponds are: average dhly, finfluent BOD concentration,
influent suspended solids loading and total detentiime.

Disinfection Although the settling process and biological msses remove a great
number of organisms from the wastewater flow, therain many bacteria in every
milliliter of wastewater leaving the secondary tlar and it is possible that some of the
bacteria are pathogenic or harmful to humans. ésdltases, disinfection is required.

Disinfection is usually defined as a process desigto kill or inactivate pathogenic
microorganisms. This operation can be accomplighedlmost any process that will
create a harsh environment for the organisms. &tlight, heat, oxidizing chemicals,
acids, alkalies and many other substances may felisinMost disinfection in

wastewater treatment plants is accomplished byyamplchlorine, which is a strong
oxidizing chemical.

Chlorination for disinfection follows all other g® in conventional wastewater
treatment. The purpose of chlorination is to redim@epopulation of organisms in the
wastewater to levels low enough to ensure thatogethic organisms will not be present
in sufficient quantities to cause disease whenhadisged.

Chlorine is a very reactive substance. Chlorin@added to wastewater to satisfy all
chemical demands. When these initial chemical deimdiave been satisfied, chlorine
will react with substances, such as ammonia, todyre chloramines and other

substances that, although not as effective asinklonave disinfecting capability. This

produces a combined residual, which can be measused) residual chlorine test

methods. If additional chlorine is added, freedeal chorine can be produced. Due to
the chemicals normally found in wastewater, chienasiduals are normally combined
rather than free residuals.

The dangers in using chlorine gas have promptedt mbshe plants to switch to
hypochlorite solution (bleach) even though it isrenexpensive. Process control testing
consists of performing a total chlorine residuat n chlorine contact effluent.

Dechlorination The purpose of dechlorination is to remove chieriand reaction
products (chloramines) before the treated waswstris discharged into its receiving
waters. Dechloration follows chlorination, usuadiythe end of the contact tank to the
final effluent.
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UV lIrradiation UV light has very good germicidal qualities arsdviery effective in
destroying microorganism. If the wastewater quastpoor, the ultraviolet light will be
unable to penetrate the solids and the effectigenes the process decreases
dramatically.

Ozonation Ozone is strong oxidizing gas that reacts withsmarganic and many
inorganic molecules. For high quality effluentspoe is a very effective disinfectant.
The actual operation of the ozonation process stssif monitoring and adjusting the
ozone generator and monitoring the control systenmaintain the required ozone
concentration in the off-gas. The process must aksaevaluated periodically using
biological testing to assess its effectiveness.

Advanced methodsThe treatment processes described up to now amsidered
conventional treatment process. Advanced methods/aste treatment may follow
conventional process or they may be used insteadhedfe processes. Advanced
methods include coagulation-sedimentation, adsmptielectrodyalisis, etc. Other
treatment processes that may be used include eewsrsosis, chemical oxidation and
the use of polymers.

Advanced methods are used to reduce the nutrientegb (nitrate and phosphate) of
wastewater to prevent blooms of algae in lakegrves's or streams.
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GUIDELINES FOR THE OPERATION OF A TREATMENT PLANT
PRELIMINARY TREATMENT

In various ways, a little or a lot or almost evéigy finds its way into sewers and ends
up at the wastewater treatment plant. Cans, bpfileses of scrap metal, sticks, rocks,
bricks, caps, towels and other rags, sand,... allcaned in the plant influent.

These materials are troublesome in various wayeceBi of metal, rocks and similar

items will cause pipes to plug, may damage or gugps, or jam sludge collector

mechanisms in settling tanks (clarifiers). Sandysbglls and similar, materials (grit)

can plug pipes, cause excessive wear in pumps ssdpvaluable space in the sludge
digesters.

If a buried or otherwise inaccessible pipe is pkaygor a sludge collector mechanisms
jams, or a critical pump is put out of commissisarious consequences can result. A
plant operating at reduced efficiency increases gb#ution level of the effluent
discharged into receiving waters. This can causdtthdnazards to downstream water
users, sludge deposits in a stream or lake (wshlt@nt odors or unsightliness), and
sometimes the death of fish and other aquatic Afso repairs all this type involves a
good deal of hard work and usually result in larggyudgeted expenses.

With all these things in mind, it is evident that anportant part of a wastewater
treatment plant is the equipment use to removestotdege debris, grit and other
materials as early as possible. These items ofpewnt include screens, racks,
comminutors and grit removal devices. And are dgtlieeliminary treatment facilities.

Bar screen and racks

The purpose of screening is to remove large sodidsh as rags, cans, rocks, branches,
leaves, roots, etc., from the flow before the flowves on to downstream processes.
The screening method employed depends on the desigime plant, the amount of
solids expected, and whether the screen is fortanher emergency use only.

The bar screen may be manually cleaned or mechignataaned. Manually cleaned
screen are cleaned at least once per shift usioggatooth rake. Operational problems:
require a certain amount of operator attention &ntain optimum operation, excessive
grit in the bar screen channel, etc. Mechanicdfgmed screens use a mechanized rake
assembly to collect the solids and move them ouhefwastewater flow for discharge
to a storage hoper. The screen may be continuclesiyed or cleaned on a time or flow
controlled cycle. Operational problems: the clearaling to operate, and a
nonoperating rake, but operating motor.

Parallel bars may be placed at an angle or setcaltytin a channel in such a manner
that the wastewater will flow through the bars, lauge solids and debris will be caught
on the bars. These bars are commonly called “raske&h the spacing between them is
7-10 cm or more. When the space is less than Shemadre called “bar screens”. Bar
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screens are used to screen the influent flow omrdirmous basis and are usually
mechanically cleaned. Usually rack is found in sgpahannels where flows are
diverted when bar screens are being serviced aairegh Bar racks are manually
cleaned due to their infrequent use.

Various other mechanical screening methods areséninvolving actual coarse screens
or perforated sheet material. These units are atioally cleaned with scrapers,
rotating brushes, water sprays or air jets. Theests may be in the form of belts, discs
or drums set in a channel so that the wastewatessfthrough the submerged portion.

Bar screens require frequent attention. As deboitect on the bars, it blocks the
channel and causes wastewater to back up intcethersThe more debris that collects
on the bars, the greater the head loss througlhdhescreens. As the flow backs up,
organic wastes tend to settle out in the channdl sewer, depleting the dissolved
oxygen in the wastewater. Subsequently, septic itond develop, producing

Hydrogen Sulfide, which causes corrosion to comegretetal and paint.

If cleaning of the bars is infrequent, wastewatan back up and overflow the influent
channel or flow through the bypass channel andréek. In either case, large debris
will be allowed to enter downstream treatment units

Cleaning of manually cleaned bar screens may bengucshed with a rake with tines
(prongs) that will fit between the bars. The delsisaked to the top of the rack or into
the drainage trough. After draining, the debrigleced into the container provided.

Extreme caution should be taken when raking theescrFooting may be poor due to
the water and grease underfoot, lack of enough rmostand and location of the trough
or bucket for the debris. The area should be inspegery carefully to spot hazards and
take corrective action.

Mechanically cleaned screens overcome the problemwastewater backing up and
greatly reduce the time required to take care isf plart of the plant. There are various
types of mechanisms in use, the more common beagling rakes that bring the
debris up out of the channel and into hoppers berotiebris containers. Theses units
should be kept well lubricated and adjusted (seeufagturer’s literature furnished with
the equipment). A few minutes spent in proper negaahce procedures can save hours
or days of trouble and help to keep the plant dpeyafficiently.

Occasionally some debris that the equipment carerabve will be present. Periodic
checks should be made so that these materialsecaentoved manually. To determine
is some material is stuck in the screen, lock awtgy to the unit and divert the flow
through another channel.

Other items to watch for with mechanically clearssieens include the drive units.
Adjustments are necessary if the cables do not wm@venly on the drums of cable
machines. A frayed cable or an excessively worninchraust be replaced. The
equipment should be adjusted if one end of the watkeis riding higher than the other
(causing jamming), if the unit is traveling past formal stopping position or if the
equipment is jumping or chattering.
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If the rake mechanisms will not move, look for tpmssible causes of the problem:
1. Rake mechanism jammed, or
2. Equipment broken

When the rake will not move, try resetting the aitdreaker. If nothing happens, turn
or push equipment switches to OFF, lock out andthagelectrical breakers. Diverts
wastewater to another channel or screen. Look ridr ramove obstructions that have
jammed the rake mechanism.

Whenever a mechanically cleaned bar rack has dtafl¢he shear pin snapped, be very
careful when you attempt to uncouple the chainedride sure to remove a link from the
driven side. This will allow the chain to fly oussd and downward, toward the floor.

Look for the broken equipment when the motor ruasthe rack mechanisms do not
operate. The problem may be caused by a broken,atedble or shear pin. If the motor
is running, the limit switch would not be the caa$¢he problem. To repair or replace a
broken part, turn or push equipment switches toQR€& position, lock out and tag the
electrical breakers. Divert wastewater to anothleanoel or screen. Perform the
necessary repairs and place the unit in servicenagzbserve the unit for proper
operation.

Operational procedures

Routine operation of screens and racks will depemdhe size of the treatment plant
(number of screens and racks), amount of debrishen wastewater, quantity of

wastewater and the head loss across the unit. i@tgahe screens or racks and
changing the number of units in service are basigsno keep the head loss below or
near the desire level and at a minimum. These mdstlshould be used daily and
adjustments made to match the flow.

Mechanically cleaned screens may incorporate autontantrols that operate the
cleaning device whenever the head loss reachesceeds a pres-selected level. Other
screen-cleaning devices may operate on a timesthds the device, allows it to run for
a specific time, and the shuts it off for a selddime period. These units usually have a
continuous run position that allows the deviceperate continuously when necessary.

To place a bar rack or screen in service, stathapunit, open the outlet gate and then
open the inlet gate. To remove a bar rack or sdreem service, close or insert the inlet
gate and then the outlet gate. Turn the mechaniutloff, drain the channel and wash
off the unit. If the plant has two screens in serene screen may be removed using a
hoist, washed off and returned to service withowueing the flow.

Storms or sewer cleaning operations by maintenareses may cause a sudden surge of
wastewater and debris and a resultant greeterlbeadhrough the screens. Under these
conditions, quick action by the operator in adjugtthe cleaning frequency and the
number of channels or screens in service can presterh problems as the channels
overflowing or wastewater backing up into the sewdérenough wastewater backs up
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into the sewers, manhole covers may even pop opéruatreated wastewater will be
discharged into the streets. Operators must bealeryin these situations.

Comminutors

Comminutors are devices that act both, as a catidra screen. Their purpose is to
shred (commimute) the solids and leave them into wlastewater. This overcomes
problems of screenings disposal.

The flow to the comminutor should be shut off pditally and the debris removed
from the trap. The frequency of inspecting the tap be determined from experience.
However, it is not wise to allow more than a fewslhetween inspections.

A comminutor consists of a rotating drum with slfiisthe wastewater to pass through.
A rubber seal, held in place by a bolted-down ripggvents leakage under the drum.
This seal should be checked whenever the rock enag snetal trap is checked.

A variation of the commimutor is the barminutor.i§kunit consists of a bar screen of
U-shaped bars and rotating drum with teeth anddishars”. Careful attention must be
given to maintaining the oil level in these mackinetherwise water may get into the
bearings.

The frequency of maintenance depends on the ty@b@siveness of the wastewater
being treated. Careful attention to preventive regiance will save a lot of trouble. Use
the manufacturer’'s instructions and the O-M marnaabecome thoroughly familiar
with the equipment in the plant. When all lubriocatipoints and oil levels are properly
maintained and all adjustments and clearances a@amect, the equipment may be
expected to give long and trouble-free service.

Operational procedures

Routine operation of comminution units is basicailg same of screens and racks. The
main factors are the number of units, the amourdedfris in the wastewater and the
head loss through the unit.

Sudden high flows or heavy amounts of debris (tegufrom sewer line maintenance
or storm flows) may require prompt action to avbaving wastewater back up into the
sewers or overflow the channels. Automatic controlsome equipment may take care
of most of these situations.

In some plants a by-pass channel (with a bar raclgrovided to relieve high flow
conditions and problems during down time on the mattion unit’s influent after the
unit is back in service.

Starting up or shutting down comminutors and bautars is done the same way as for

mechanical cleaned screens. When starting up afusttturn on the equipment, then
open the outlet gate and finally open the inleeg#tiways read the manufacturer’s
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instructions because some units require the in&e do be open before starting.
Observe the unit to verify that it sounds normal appears to be operating properly.

To shut down a comminution unit, reverse the praooedAfter shutdown drain the
channel and hose down the channel and the equipmeatuce problems from odors
and flies.

Daily, or more often if experience indicates, stlatvn each unit to look for cans and
other debris and to check for “ropes” of rags hagdrom the slotted drums of U-bars.
Presence of this type of debris indicates that dbhters may be worn or out of
adjustment. If the motor stops, it may be anotmelication of dull or improperly
adjusted cutters.

On barminutors, look for accumulations of sand gravel that could interfere with the
travel of the drum. Other possible problems inclodertravel and, in some models,
difficulties with the cables. Overtravel occurs wibe cutter drum travels too far up or
too far down and reaches the bottom of the chatiselally overtravel occurs when the
limit switches on the cable drums fail to work pedy and permit excessive travel and
cable unwinding from the drum. If this happens,lealmay not wind up on the drum
evenly after unwinding. This will cause the cuttieum to travel at an angle across the
screen, thus damaging both the cutters and thersdrars. Be sure that the unit stays
level when it moves up and down, that the cableslvevenly on the drums and that the
cables are not frayed. A cable malfunction can Itesu major damage to the
barminutor.

Grit removal

The purpose of grit removal is to remove the heiagyganic solids that could cause
excessive mechanical wear. Grit is heavier thamgertic solids and includes, sand,
gravel, clay, egg shells, etc.

There are several processes or devices used toregroval. All of the processes are
based on the fact that grit is heavier than themgysolids, which should be kept in
suspension for treatment in following processes moval may be accomplished in
grit chambers or by the centrifugal separation loflge. Processes use gravity and
velocity, aeration, or centrifugal force to separie solids from the wastewater.

The simplest means of removing grit from the wastewflow is to pass it through
channels or tanks that allow the velocity of flambe reduced.

Aeration grit removal systems use aeration to k#dep lighter organic solids in
suspension while allowing the heavier grit parcte settle out. In normal operation,
the aeration rate is adjusted to produce the dbksseparation, which requires
observation of mixing and aeration and samplinfixaéfd suspended solids.

Grit (sand, eggshells and cinders) is the heavaeral that is found in wastewater and
will not decompose or “break down”. This materialises excessive wear in pumps. A
mixture of grit, tar, grease and other cementingemeals can form a solid mass in pipes
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and digesters. Consequently, grit should be remagesbon as possible after reaching
the plant.

The simplest means of removing grit from the wastewflow is to pass it through
channels or tanks that allow the velocity of flambe reduced to a range of 0.2-0.4 m/s.
The objective is to allow the grit to settle to thettom while keeping the lighter
organic solids moving along to the next treatmermit. u

Methods of grit removal range from use of scoopvehto various types of collectors
and conveyors. For manually cleaned channels rdgréncy of cleaning is determined
by experience. If the grit builds up too much, iayninterfere with the flow-through

velocity, cause the wastewater to back up intestweer or may cause an overflow.

Operational procedures

Before starting or diverting wastewater into a gitannel, be sure the channel or
settling area is clear of debris, tools and peolfléhe grit channel has scrapers or
flights, start them and observe smooth and propesration before diverting the

wastewater into the channel. Once the wastewatiovisng through the grit channel,

measure the velocity. Make any necessary adjustinetite number of channels in

service and adjust the weirs or other velocity-tetjug devices.

Grit should be removed on a daily basis. Inspeetght for organic material which
could indicate that velocities are too low. A &ttbrganic matter in the grit usually
indicates that proper velocities are being mai@ain

Abnormal operating conditions can develop duririgstrms. During these conditions,
attempt to maintain velocities as close to 0.3 agspossible. Grit will have to be
removed more frequently when the grit and heaviglsdbadings are higher than usual.

Try to schedule grit channel shutdowns during pmkriof low flows. Shut down grit
channels for maintenance or repairs by placingrate or additional grit channels in
service if possible.

Maintenance of grit channels consists of keepimgf#tilities clean and inspecting for
corrosion damage and cracks in the walls and flGorrosion rates can be slowed by
the application of protective coating. In channelgh chain and flight collectors,
inspect chains and sprockets for excessive webgaat twice a year and inspect the
bearings and anchor bolts every time the channeleswatered. Motors must be
lubricated and greased in accordance with the naatwie’s recommendations.

An aerated grit chamber is a tank with a slopingdso and a hopper or trough in the
lower end. Air is injected through diffusers locghtdong the wall of the tank above the
trough.

To start an aerated grit chamber be sure all eqgmprvorks properly and that the grit

chamber contains no debris or tools. Start air ipgsthrough the diffuser. Allow
wastewater to enter the aerated chamber slowlyuskdhe air flow rates to obtain the

23




MEDAWARE- Task 6: “Guidelines for monitoring”

desired circular motion in the grit chamber. Aitesaalso are regulating to control the
size of grit and the volume of grit removed frore thiastewater.

Normal operation of aerated grit chambers congiStaintaining hydraulic capacity

through each chamber and the desired circular moRemove grit at regular intervals
or continuously from the grit hopper depending be équipment and also on the grit
loading.

When abnormal operating conditions exist due td Higws or heavy solids loadings,
adjust air low to the tank to maintain the desgeatiremoval at the operating conditions
experienced.

Another method of separating grit from organic ®exais by the use of cyclone grit
separators. Grit from mechanically cleaned gritncieds or other grit removal facilities
is pumped as a slurry in water to the cyclone. Vélecity of the slurry as it enters
along the wall of the cyclone causes the slurrggm or swirl around the inside of the
cyclone. The patrticles of grit, being heavier thla@ wastewater, are forced outward to
the casing of the cyclone. At the bottom, the hexapiarticles pass out of the cyclone
through an orifice. The remaining lighter partickesd water are carried upward and out
the overflow discharge pipe.

The grit is usually removed from a grit classifegrthe bottom of the cyclone by means
of a screw conveyor to storage hoppers. Ultimatieéy grit may be hauled away and
buried at a site disposal site or incinerator. IPt@ initial start-up of a cyclone grit
separator inspect the area and facilities for tanld debris. Pump water to the unit to
see that the piping is clear and that the presgage and other equipment all function
properly. Normal operation start-ups involve staytithe grit conveyor and then the
pumps.

The amount of water being pumped with the gritnpartant. In general, dilute feed
slurries will allow separation of smaller particl@hicker slurries will result in a slower
rotational motion and reduced capacity. Inlet pressis critical and should be
maintained as close as possible to manufacturec@nmended pressure.

The underflow discharge from the bottom should ap@es a hollow cone shape. If the
discharge is too heavy, it appears as a rotatifig spiral and a heavily overloaded
condition will appear as a straight stream lackspgral motion. No underflow could
mean the feed slurry is too thick or debris hagyghd the apex. The inlet pressure
affects efficiency and must be maintained withire thmits prescribed by the
manufacturer.

The cyclone liner and screw conveyor must be replaghen excessive wear prevents
proper adjustments and the equipment no longetifurscas intended.
Operational strategy

Up to now it has been covered concepts in the giparand maintenance of equipment
used to remove grit, rags, coarse materials aner alkbris from the wastewater before
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it enters the treatment plant. Now let's consideme things to do and to watch for
when a piece of equipment breaks down or the fdanbmes overloaded by excessive
flows.

If screens or comminutors are overloaded or bymghgbke following problems can be
expected:

- Sticks and rags can foul the raw sludge pumpgh®primary clarifiers;

- Debris can plug the orifices in trickling filtdistributors;

- Debris can interfere with air diffusers in thea®n tanks of activated sludge
plants;

- Floating debris can appear in the chlorine cdritasin and leave the plant in the
final effluent;

- Solids can plug return sludge pumps and flownsateactivated sludge plants.

If grit channels are overloaded or bypassed, @it reach the primary clarifiers. To
reduce resulting problems increase the pumpingawef sludge to keep the clarifier

hopper, piping and pumps plugging.

But overpumping from the clarifier will affect theigesters. The grit will occupy

valuable space; the extra water with lower tempeeabf the digester or require more
energy for heating and may wash the alkalinity &ufbut of the digester. Also

excessive amounts of supernatant from the digeslieadd to the organic load on the

plant. To face this problem, for example, the rdudge or digester supernatant could
be pumped to a stand by tank or pond wheneverrihelgnnels may be bypassed or
are overloaded.

To remove floating debris from chlorine contactibaand the final effluent, try hand
skimming with hardware cloth nets. Also hardwaltiscreens may be installed in the
clarifier effluent troughs and final effluent chain

It should be considered in advance what to do se acd# having a failure at the plant.

The operator must plan what to do to correct theason or to adjust the other

treatment processes. For example, having screeds amal emergency storage facilities
prepared to handle wastewater bypassed and overflow

Sampling and testing grit removal systems

Grit removal (velocity):

- Location: Influent Test: Suspended solids (fixed) Frequency: Variable
- Location: Channel Test: Depth of grit Frequentariable
- Location: Grit Test: Total solids (fixed) FrequgnVariable
- Location: Effluent Test: Suspended solids (fixed) Frequency: Variable

Grit removal (aerated):

- Location: Influent Test: Suspended solids (fixed) Frequency: Variable
- Location: Channel Test: DO Frequency: Vagabl
- Location: Grit Test: Total solids (fixed) FrequgnVariable

- Location: Effluent Test: Suspended solids (fixed) Frequency: Variable
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Equalization

The purpose of flow equalization (whether by sudjernal, or complete methods) is to
reduce or remove the wide swings in flow rates radlynassociated with wastewater
treatment plant loading; it minimizes the impactstdrm flows. The process can be
designed to prevent flows above maximum plant aebigdraulic capacity, reduce the
magnitude of diurnal flow variations, and eliminfitav variations.

Sampling and testing equalization

Location: Effluent Test: DO Frequency: Variable
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PRIMARY TREATMENT: SEDIMENTATION AND FLOTATION

The purpose of primary treatment (primary sedint@reor primary clarification) is to
remove settleable organic and floatable solids. {fé&tment primary uses large basins
in which primary settling is archived under relati quiescent conditions. Within these
basins, mechanical scrapers collect the primatjedesolids into a hopper where they
are pumped to a sludge-processing area. Oil, graasgeother floating materials (scum)
are skimmed from the surface.

In primary clarification, wastewater enters a s&ftitank or basin. Solids that are

heavier than water settle to the bottom, whiledsothat are lighter than water float to

the top. Settle solids that are removed as sludgefl@ating solids are removed as

scum. Removal of organic settleable solids is wenyortant because they cause a high
demand for oxygen (BOD) in receiving waters or sgjpent biological treatment units

in the treatment plant. Wastewater leaves the saamion tank over an effluent weir

and on the next step in treatment.

Raw or untreated material contains materials thataither settle to the bottom or float
to the water surface readily when the wastewattcitg is allowed to become very
slow. Sewers are designed to keep the raw wastefi@teng rapidly to prevent solids

from settling out in the collection system lines.

Figure 5. Plant diagram of typical clarifiers invastewater treatment plant

A typical plant (Figure 5) may have clarifiers |ted at two different points. The one
that immediately follows the bar screen, comminuborgrit channel is called the
primary clarifier. The other, which follows othempes of treatment units, is called the
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secondary clarifier. The two types of clarifiersecgte almost exactly the same way.
The reason for having secondary clarifiers is tther types of treatment following the
primary clarifier convert more solids to the setbke form, and they have to be
removed from the treated wastewater. The mainreifftee between both clarifiers is the
density of the sludge handled. Primary sludges umally denser than secondary
sludges.

Operation and maintenance

Start-up procedures

Before starting a new unit or one that has beenobwervice for cleaning or repair,
inspect the tank carefully as outlined in this sect

A. Circular clarifiers:

Check the following items:
- Control gates for proper operation.
- Clarifier tank for sand and debris.
- Collector drive mechanism for lubrication, oilvéd drive alignment and
complete assembly.
- Gaskets, gears, drive chain sprockets and dri®mfor proper installation and

rotation.

- Squeegee blades on the collector plows for prdgance from the floor of the
tank.

- All other mechanical items below the waterling faroper installation and
operation.

- Tank sumps and hoppers and return lines for deforil obstructions.
- Tank structure for corrosion, cracks and othdraations of structural failure.

If everything checks out properly, turn on the neubm. Let it make several
revolutions while checking that the squeegee da¢dravel high or low, missing the
bottom or scraping in some areas. If the unit ipjged with a stall alarm, test it to see if
the mechanism will stop when overloaded.

Check and record the amperage that the motor driastshe unit operate for several
hours. If no problems develop, it should be okay.

B. Rectangular clarifiers

The tank hoppers, channel, control gates, weirgyitgs, grease lines and drive
alignment should be checked the same as for circldaifiers. The sludge collectors
are different in rectangular clarifiers. Check ts@re that the flights are straight across
the tank and that the chain in one side is notarn&o links longer or shorter than the
chain in the opposite side.

Caution should be exercised before starting theggicollectors in an empty clarifier if
they have not been operational for several weelks.\Wearing shoes on the flights may
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have started rusting where they are sitting onrélils. A good practice is to lift each
individual flight off the rail to be certain it fsee to apply a light grease.

Annually during periods of low flow, each clarifishould be shut down for inspection,
routine maintenance and any necessity repairs

Daily operation and maintenance

During normal operation, the following daily acties should be scheduled:

- Inspection: make several daily inspections witktap, look, listen and think
routine.

- Cleanup: using water under pressure, wash offiraatations of solid particles,
grease, slime and other material from walkwaysdhreits and all other exposed
parts of the structure and equipment.

(Algae can be a problem on weirs and in effluentigfts. A chlorine solution can be
added between the baffle and the weir to contreirtproliferation. Other approaches

include adding chlorine at the high point in theugh opposite the effluent discharge
gate or placing chlorine tablets in the trough @&veral spots every day. Using a fire
hose or high-pressure water jet to remove algaeftbe weirs and troughs also can be
effective)

- Lubrication: grease all moving equipment accogdito manufacturer’s
specifications and check oil levels in motors whegspropriate.

- Preventive maintenance: follow the manufacturspscifications.

- Flights: examine bolts for looseness, corrosiod axcessive wear on those
parts that can be inspected above the waterline.

- Chain and sprocket: check for wear because 1,3wear on each of 240 link
pins will cause about one foot of extra slack.

- Record-keeping: write in the pocket notebook amysual observations and
transfer these notes to the plant record sheatélypheet is shown in Figure 6).

- Sampling and laboratory analysis: proper analg§isepresentative samples is
the only conclusive method of measuring the efficieof clarifiers.

- Sludge and scum pumping: the accumulated sludgmulé be removed
frequently.

Operational strategy

The purpose of a sedimentation tank or clarifietoigemove settleable and floatable
solids by sedimentation and flotation. The factarsinoften reported as influencing
clarifier performance is the flow into the plantobt clarifiers that do not produce an
acceptable effluent usually fail due to operatooies; equipment failures or excessive
hydraulic loadings. The operator’s job is very simmBe sure that accumulated settled
solids are removed from the bottom of the clarifiefore septicity and clarification take
place. Also be sure that surface floatables (all gmease) are continuously or regularly
skimmed and removed from the water surface to mtefleatables from reaching
downstream secondary treatment and disinfectiocgases.
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Figure 6. Typical plant record sheet
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Equipment or process failures caused by operatorsinclude:

- Insufficient frequency or time for removing slwdg
- Poor equipment maintenance and housekeeping.
- Insufficient knowledge of equipment and/or treafinprocesses as related to:
o0 Laboratory analysis,
o Clarifier loadings,
o Inability to recognize a mechanical-electrical pewb, and
o Not restarting a drive mechanism that tripped awind) a momentary
power failure, such as one caused by a thunderstorm

The best operational strategy for a clarifier is develop and implement a good
preventive maintenance program, to closely monaperating conditions and to
respond to any lab results that indicate problent @eveloping. Any other clarifier
problems usually result from abnormal conditions.

Abnormal conditions

Abnormal conditions influencing clarifier performanconsist of:

- Toxic wastes from industrial spills or dumps.
- Storm flows and hydraulic overloads.
- Septicity from collection system problems.

If any of these events occurs, corrective actiooukh be taken. The installation of
monitoring devices, instrumentation, control stanes and chemical feed systems will
provide the operator with helpful tools to maintagtarifier performance under
abnormal conditions.

If a toxic waste dump is suspected or identifiedhescause of a plant upset, immediate
action should be taken (addition of proper chersictd identify the source and prevent
future dumps.

If storm flow infiltration is a frequent problenhe sealing of sanitary sewers and/or the
use of a flow equalization basin may improve thaligy of clarifier effluent.

Chemical treatment with chlorine or hydrogen pedexadded at a pump station may
improve the condition of septic wastewater and gubtstructures from corrosion
damage.

Need for sampling and analysis

Tests must be conducted at the plant site whens#meple is collected or in the
laboratory. The frequency of testing and the exgmecanges will vary from plant to
plant. Strength of the wastewater, freshness, ctarstics of the water supply, weather
and industrial wastes will serve to affect the “ecoom” range of the various test results.
Testing frequency should be determined on the lmddlse process influent and effluent
variability and the available resources.
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Table 1. Laboratory analysis for clarifiers

Test Frequency Location Common range

1. Dissolved Oxygen Daily Effluent 0-2 mg/L

2. Settleable solids Daily Influent 5-15 mL//
Effluent 0,3-3 mL/L

3. pH Daily Influent 6,5-8,0**
Effluent 6,5-8,0**

4. Temperature Daily Influent 10-30°C**

5. BOD Weekly (minimum) Influent 150-400 mg/L
Effluent 50-150 mg/L

6. Suspended solids Weekly (minimum) Influent 150-400 mg/L
Effluent 50-150 mg/L

7. Chlorine residual Daily Plant 0.5-3,0 mg/L
Effluent

8. Coliform Weekly Effluent 5.000-2.000.000

* When discharge requirements permit primary treathonly, items 7 and 8 may be appropriate
** Depend on region, water supply and dischargebéocollection system

Response to poor clarifier performance

If laboratory analysis or visual inspection indestthat a clarifier is not performing
properly, the source of the problem must be ideatiand corrective actions taken.
Listed below are clarifier problems with relatednits to be checked to identify the
source of the problem.

Table 2. Problems and items to be checked

Problem Check items*
Floating chunks of sludge 1,2,3,4,5
Large amounts of floating scum 2
Loss of solids over effluent weirs 1,2,3,4,5
Low removal efficiencies 5,6
Low pH plus odors 1,2,3,4,56
Deep sludge blanket but pumping thin sludge 2,3
Sludge collector mechanism jerks or jumps 6
Sludge collector mechanism will not operate driveton thermal 6
overloads or overload protective switches keepinig

*ltems: 1. Sludge pump; 2. Collector mechanism;Pfes and sludge sump; 4. Quality of
supernatant return from digester; 5. Influent;e8kihg, jumping or stalled collector mechanism

Troubleshooting

The tables in the next pages list indicators ofsgme process or component failure in
clarifiers, the probable cause of failure and howetmedy and prevent the failure.
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Table 3. Troubleshooting guide-Primary Clarificatio

INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR SOLU TION
1. Floating sludge (bulking)Sludge decomposition inSludge mats or chunks Remove sludge more frequently or
tank, lifted by with a thickness of %"~ at higher rate
gasification 3"or more floating on
surface of clarifier
Sludge collection Check to see if sludge Restart collectors, observe unit
mechanism, or flights, collectors are running through one complete revolution,
are OFF ensuring that the unit isot jerking
jumping or tripping out due t
overload
Insufficient sludge Check sludge pump Monitor sludge pump operation
removal operation through one complete cycle for:

a. Duration of ON time
b. Pump output
c. Thickness of sludge
pumped (percent solids or
density)
If pump operates as it should, and
the sludge solids remain at the
same thickness during the cycle,
then increase pumping at least 5
min/h; If pump does not discharge
as it should, clean pump;
If pump runs normally but sludge
being pumped is thick, continue on
through this checklist
Sludge blanket too deep Sound across clarifierlf@ludge blanket is higher than
sludge blanket depth andhormally maintained, increase

level pumping cycle time
Sludge pump runs but Sludge line blocked or 1. Check pump suction line to
discharges thinorno  plugged clarifier for closed valves. If
sludge valves are closed, open and

recheck pump output

2. If all valves are open,
backflush sludge suction line
to clarifier to remove blockage

3. If sludge line cannot be cleal
and restored to service, take
clarifier out of service, dewat
and remove blockage from
clarifier sump or sludge line

Sludge collector is Remove clarifier from 1. Check collectors flights;
damaged or needs service dewater tank Replace broken flights and
adjusting worn shoes

2. Oncircular clarifiers check
and adjust squeegees on plows
to proper clearance and
mechanism for level, so that
plows don’t ride high on one
side of tank floor and drag on
the opposite side

Rectangular tanks Sludge blanket higher Repair or replace inlet baffles to

damaged or missing inle{deeper) on one side of ensure even distribution of flow

baffles tank than other across tank to produce even solids
distribution
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INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR SOLU TION
1. Floating sludge (bulkingReturn of well-nitrified Pea size or leathery, thinl. Change activated sludge from
(continued) waste activated sludge foamy layer of sludge extended aeration by reducing
floating on clarifier aeration time or sludge age
surface 2. If plant effluent is required to

be highly nitrified, add surfac
water sprays to primary
clarifiers to break up froth or
move it nearer to scum
collectors
3. If possible, do not route waste
activated sludge to primary
clarifiers, but to separate
treatment unit suchs flotatior
thickener or separate clarifier
Solids load increased to Monitor plant influent  If increased load is related to

plant for settleable solids industrial contributor, have
industry implement pre-treatment
system
Toxic discharge or spill  Plant influent for pH 1. Neutralize toxic waste if
level possible

2. Pump sludge (dewatered if
possible) to tank truck and
dispose of it in an approved
sanitary landfill

2. Black and odorous septidMalfunction of in-plant Check operation of pre- Increase pretreatment units to

wastewater entering pretreatment chlorination and pre-  compensate for load
clarifier aeration units
Inadequate pretreatmentSample plant influent  Review contributors” discharge
of industrial waste flows, identify industrial requirements to collection system,
contributors, particularly enforce of upgrade pretreatment
high temperature requirements to correct problem

dischargers
Disposal of wastewater Monitor plant influent; 1. Review discharge from septic
from septic tank pumperseptic disposal would be  tank pumping firms in area a
into collection system batch and not continuous  enforce sewer use ordinance
load 2. Increase prechlorination
during duration of discharge
3. May require secondary
treatment adjustment of
additional air or oxygen for
activated sludge plant, or
increase recycle flows on
trickling filters or rotating
biological contactors
Solids decomposing in  Monitor BOD and HS = Decomposition due to low velocity

collection system during low flows at or extended wastewater travel time
various collection systenmay be reduced by use of chlorine
locations or hydrogen peroxide injected at

one or more locations in a
collection system, usually most
available location is a wastewater
lift station
Wastewater lift station Check detention time ihong wet well detention time

lift station inlet sump or increase pump cycle or add

wet well, and how long chlorine to station effluent

wastewater is in force

main
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INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR

SOLU TION

2. Black and odorous septicCollection system siphortSheck velocity through If low velocity and multiple barrel

wastewater entering
clarifier (continued)

siphons

are in operation, gate out one ba
during low flows to maintain

wastewater velocity to prevent
solids deposition in bieels that wil
be scoured out at peak floes

Sewer maintenance
cleaning activities maintenance crews to
inform wastewater
treatment plant when lar
blockage are cleared, or
cleaning activities produ

exceptionally septic load

or the cleaning is close t@.

the plant where the

collection system dilution

will not be available
Recycle or excessively
strong digester
supernatant

content of digester’s

3.

3. Black and odorous septidmproper sludge removal Sound clarifiers for 1.

sludge blanket thickness;
Determine if collector
mechanism is operating

wastewater leaving
primary clarifier

Sludge pump Check pump operationi.
1. Runtime 2.
2. Output

3. Thickness of
sludge pumped

Sludge withdrawal line Check sludge pump 1.

plugged output

2.
3.

Require collection 1.

Monitor inflow and solidsl.

supernatant discharge 2.

Increase pretreatment units to
maximum or reasonable leve
for example, increase
preaeration, increase
prechlorination by 20 to 25
percent when septic flow
arrives at headwork’s

Adjust secondary units
correspondingly to meet
additional load

Return strong supernatant at
low plat flows

Stop mixing digester to obtain
higher quality supernatant
Maintain proper sludge
inventory so digesters are not
overloaded

Pump thicker raw sludge to
digester to reduce hydraulic
load

Maintain sludge blankets at
plant’s optimum levels that
produce a thick raw sludge,
but prevent sludge bulking a
loss of solids to secondary
system

If sludge blanket is thick,
increase sludge removal rate
If available, chlorinate clarifie
effluent to reduce load on
secondary system, but do not
over-chlorinate

Where multiple clarifiers are
in service and only one is
bulking, remove it from
service until bulking is
corrected in that tank

Clean sludge plant if plugged
Increase plant cycle if sludge
was still thick at end of test
cycle

Check sludge line suction
valves

Backflush sludge line

If cannot clear line, take
clarifier out of service and
pump down to clear
obstruction
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INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR

SOLU TION

3. Black and odorous septic Sludge collector worn orRemove clarifier from 1.
wastewater leaving primarydamaged service, dewater tank
clarifier (continued)

Short-circuiting through Flow into and out of 1.
tank clarifier

Rectangular tanks; 1.
Frequency of scum
skimmer operation 2.
2. Circular clarifier; Is
collector mechanism
operating?

4. Scum escaping in clarifieFrequency of removal 1.
effluent inadequate

Plugged scum trough

scum
Water or air skimmers art@heck the water sprays ar.
OFF air blowers are working 2.

Hydraulic overload
tank too high

Worn or damaged Check rubber wiper
skimmed

skimmer
Heavy industrial waste Plant influent

contribution

Check collector flights;
Replace broken flights and
worn shoes

On circular clarifiers check
and adjust squeegees or plows
to proper clearance and
mechanism for level, so that
plows don't ride high on one
side of tank floor and drag on
the opposite side

Reduce solids recycle load to
clarifiers by chemicals or
pretreatment

Adjust pH to nearly neutral
Cool wastewater flows from
heat exchangers or other units
before returning flow to
clarifiers

If problem with recirculatiolis
only during daily high flow
periods, try to schedule bulk
“recycle” flows at daily low
flow periods (early mornings)
to reduce load on clarifiers
Operate skimmers more
frequently

Restart collector mechanism;
Check that skimmer blade is
down

Scum trough filled wittPump scum pit, clear and hose
down scum trough

Restart spray system

Unplug nozzles and adjust so
scum on surface is pushed to
skimmers for removal from
clarifier

Amount of flow throughlf possible, reduce flow through
tank:

1. Put additional clarifier in
service

2. Reduce influent flow by
collection system storage

Replace worn or torn wiper blades,
blades and alignment of adjust skimmer to proper clearance
and tension

Limit industrial waste
contributions; Implement / enforce

new or existing sewer use
ordinances

5. Sludge hard to pump frolRump worn Check pump output
hopper
Sludge pump suction

pressure or vacuum

Sludge line restricted

Repair pump to disehatgated

capacity
Clean sludge line with hydro-
cleaner, pig or rod to remove

grease and sludge deposits

36




MEDAWARE- Task 6: “Guidelines for monitoring”

INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR

SOLU TION

5. Sludge hard to pump frofaxcessive grit, clay or  Total solids percent 1.
hopper (continued) other easily compacted organic / inorganic in
material influent

4,
Rags or other large debri&hen hopper is probed, 1.

in sludge hopper rag balls and sticks are
found

3.
4.

6. Undesirable low solids
content in sludge

Overpumping of sludge
of sludge pumping:
solids concentration

Hydraulic overload Influent flow rate

Check operation of
preliminary treatment units
(grit chamber)

Check possible industrial
contributors for proper
pretreatment

Jet sludge hopper with air or
water to resuspend material
it may be pumped out
Normally occurs after high
storm flows

Check headworks screening
system for proper operation
and removal of screenings
from flow

Repair comminutors,
barminutors or disintegrators
to proper operation

Limit use of coarse rack
bypass screens

May have to dewater tank to
clear hopper

Frequency and duratioReduce frequency and duration of
pumping cycles

Provide mareen flow

distribution in all tanks, if multiple
tanks

Short-circuiting of flow Dye or other flow tracersl.
through tanks 2.
Inoperable or Collector mechanism
malfunctioning collector
mechanism

7. Short-circuiting of flow  Uneven weir settings

through tanks

Weir settings

Damaged or missing inldDamaged bafflers
line baffles

8. Surging flow Poor influent pump Pump cycling
programming
9. Excessive sedimentationVelocity too low Velocity

inlet channel

Change weir setting
Repair or replace baffles

Return collector to service or rep
as necessary

Change weirrsgst
Repair or replace baffles
Modify pumping cycle

Increase velocity or agitate chan
with air or water to prevent settlir

or deposits of solids

10. Excessive slime growthAccumulations of

on surfaces and weirs  wastewater solids and
resultant growth
Excessive sludge
accumulation

Inspect surfaces

Mechanism load
indicator and solids
concentration sludge
blanket depth

11. Circular clarifiers:
Frequent stall alarms,
overload trips, shear pin
failures

Frequent and thorough cleaning of
surfaces

Increase frequency of sludge
pumping to reduce sludge blanket
level
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INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR SOLU TION
11. Circular clarifiers: Rags or debris entangledUnit is off, when 1. Take clarifier out of service,
Frequent stall alarms,  in collector mechanism restarted mechanism dewater and then remove rags
overload trips, shear pin jerks or immediately and debris from tank; Check
failures (continued) stalls or shears pin squeegees and plow for

damage and proper clearances

2.  When repaired, run
mechanism through at least
two complete revolutions to
check level, clearances and
smoothness of operation
before refilling

3. Check headworks screening
equipment for proper debris
removal and condition

Rectangular clarifiers: Excessive sludge Smooth operation, soliddncrease frequency of sludge
Frequent shear pin, flightsccumulation concentration and sludgg@umping to reduce sludge blanket
chain breakage blanket depth level

Rags or debris entangledCollector jerks or jumps 1. Take clarifier out of service,
in collector mechanism flights offset dewater, remove rags and
debris
2. Replace broken or damaged
flights

3. Realign collector chains to
obtain parallel flights
4. Check and replace worn
wearing shoes
5. Check rails for damage
6. Lube rails and wearing shoes
before restarting collectors
7. Run collectors at least two
revolutions, check for smooth
travelon floor and rails, prop
clearance of flight ends to
walls and floor before
restoring tank to service
Chain wear Chain on one side Check chain wear; Replace entire
travels faster than chain chain, not just a few links
on opposite side
Improper shear pin size  Shear pin fails but no Change shear pin size to meet

apparent cause manufacturer’s specifications
12. Excessive corrosion in unit  Septic wastewater; Color and odor of Paint surfaces with corrosion-
Inappropriate / inadequawastewater; Protective resistant paint
protective coating coating
Electrolysis Pitting and Sacrificial anodes an cathodes
tuberculation protection
13. Noisy chain drive Moving parts rub Alignment Tighten and align casing and chz
stationary parts Remove dirt or other interfering
matter
Loose chain Drive components Maintain taut chaiallaimes
Faulty lubrication Lubrication Lubricate properly
Misalignment or impropeAlignment and assembly Correct alignment and asbeaib
assembly drive
Worn parts Drive components Replace worn chaipearings;
Reverse worn sprockets before
replacing
Chain does not fit Drive components Replace with correct parts

sprockets
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INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR

SOLU TION

14. Rapid wear of chain drive  Faulty lubrication bigation
Loose or misaligned part Alignment

15. Chain climbs sprockets Loose chain Chain anockpts
Worn out chain or worn Chain and sprockets
sprockets
Chain does not fit Chain and sprockets
sprockets

16. Stiff chain Faulty lubrication Lubrication
Rust or corrosion Drive chain

Misalignment or
improper assembly

Worn out chain or worn Drive chain / sprockets

sprockets
17. Broken chain or sprocketsShock or overload

in chain drive system of service, make

inspection of collector

system, particularly
rectangular tanks

Worn chain or chain thatDrive chain / sprockets

does not fit sprockets
Rust or corrosion

Misalignment Alignment

Interference Drive chain / sprockets
Improperly installed /  Shear pin
rated shear pin

18. Qil seal leak Oil seal failure Oil seal

Misalignment
Scored shaft
19. Bearing or universal joint Excessive wear
failure

Shaft alignment
Shaft surface
Wear

Lubrication
Shaft alignment

Lack of lubrication
Misalignment

Improper adjustment of
packing

Bent shaft due to
excessive discharge
pressure (closed valve)
Binding of a pump shaft
could be caused by debris
in the impeller / casing or
rotor / stator area of
certain types of sludge
pumps

20. Binding of sludge pump
shaft

Drive chain / sprockets

Lubrication properly

Align and tightentire drive
Tighten

Replace chain; Reverse oraepla
sprockets

Replace chain; Reverse oraepla
sprockets

Lubate properly

Clean and lubricate

Alignment and assembly Correct alignment and askeaib

drive
Replace chain; Reverseplace
sprockets

When tank has been o#tvoid shock and overload or

isolate through couplings

Replace chain; Reverseplace
sprockets
Replaaes; Correct corrosive
conditions
Correct alignment
Make sureleloris interferes
between chain and sprockets teeth
Replace pin with one meeting
manufacturer’s specification;
Install pin properly
Repglseal
Correct alignment
Repair or replace shaft
Replace joint or bearing

Lubricate jointdr or bearings
Correct alignment
Adjust packing

Replace shaft

Remove debris
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SECONDARY TREATMENT: TRICKLING FILTERS

The main purpose of secondary treatment (sometineésrred to as biological
treatment) is to provide BOD removal beyond whatdkievable by primary treatment.
There are three commonly used approaches, andkal ddvantage of the ability of
microorganisms to convert organic wastes (via lgiglal treatment) into stabilized, low
energy compounds. Two of these approaches, thilingcfilter and the activated
sludge process, sequentially follow normal primdrgatment. The third, ponds
(oxidation ponds or lagoons), can provide equiMalesults without preliminary
treatment.

In order to remove the very small suspended sdld#ioids) and dissolved solids,
waste treatment plants include secondary treatnidns. process produces an overall
plant removal of suspended solids and BOD of 9@gudror more.

In most wastewater treatment systems, the tricKiltey follows primary treatment and
includes a secondary settling tank or clarifiereTgrocess is a fixed film biological
treatment method designed to remove BOD and suspesulids.

A trickling filter consists of a rotating distridon arm that sprays and evenly distributes
liquid wastewater over a circular bed of fist-sizextks, other coarse materials, or
synthetic media. The organisms aerobically decompbs solids and produce more
organisms and stable wastes that either becomefotire slime or are discharged back
into the wastewater flowing over the media. Thecpss is shown in the following
equation: Organics + Organisms ¥ ©More Organisms + COr Solid Wastes

Figure 7 shows where a trickling filter usuallyjlegated in a plant. Most trickling filters
are large-diameter, shallow, cylindrical structuféked with stone and having an
overhead distributor.

Operation and maintenance

The maintenance of a good growth of microorganiemshe filter media is crucial for

successful operation. Passage of wastewater thrihagfilter causes the development
of a gelatinous coating of bacteria and other aggaron the media. This growth of
organisms absorbs and uses much of the suspendéaidal and dissolved organic

matter from the wastewater as it passes over thetrin a rather thin film.

For the oxidation processes to be carried outptblegical film requires a continuous
supply of dissolved oxygen, which may be absorbeushfthe air circulating through the
filter voids.

Start-up procedures

Try to schedule the starting of trickling filterarthg warm weather. This procedure will
produce the most growth during the shortest pesfddne.

40




MEDAWARE- Task 6: “Guidelines for monitoring”

Figure 7. Typical trickling filter plant

Once all the equipment has been checked out mexdignistart the wastewater flow to
the filters, observing the rotating arms carefiitly smooth operation, speed of rotation
and even distribution of the waste over the media.

For fixed nozzles, observe the spray pattern. Be tukeep the nozzles clear so that
the wastewater is distributed over all of the fibgedia. Regular care is required to keep
fixed nozzles working properly.

Time of year, weather conditions and strength efwlaste are all factors that will affect
the time needed for growth development.

Growth may be accelerated by recirculating wastemttrough the trickling filter prior
to treating the main wastewater flow stream. Wastesated sludge may also be added
to the recirculated flow to encourage growth depeient.

During this period of growth development an unstadffluent will be produced. This
effluent will exert a pollutional load of the reeiig waters. Heavy chlorination is
usually used during this time to reduce the pathai load and the health hazard to
some extent.

Daily operation and maintenance

Once growth on the media has been establishedhendlant is in “normal operation”
very little routine operational control is requiréclareful daily observation is important.
Items to be checked daily are:

- Any indication of ponding

- Filter flies

- Odors
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- Plugged orifices

- Roughness of vibration of the distribution arms
- Leakage past the distributor turntable seal

- Splash beyond the filter media

- Cleanup of slimes not on media

The operator should write in the pocket notebook wamusual observations and transfer
these notes to the plant record sheet (typicaltsbesbown in Figure 8).

Operation of clarifiers is connected with trickliridfer operation. If the recirculation
patterns permit, it is a good idea to return fiéftuent to the primary clarifier. This is a
very effective odor-control measure because it axggen to incoming wastewater that
is often septic.

Recirculation during low inflow periods of the dagd night may help to keep the slime
growths wet, minimize fly development and washef{€tessive slime growths. Reduce
or stop recirculation during high flow periods nécessary, to avoid clarifier problems
from hydraulic overloading. Recirculation of finalarifier effluent dilutes effluent
wastewater and recirculation improves slime develemt on the media. Proper
recirculation rates help to control snail populas@n the media.

The operators should, by evaluating their own dpegaecords, adjust the process to
obtain the best possible results for the least ¢ogirder to save energy, use the lowest
recirculation rates that will yield good resulte Bareful not no cause ponding, reduced
BOD removal efficiency or other problems that ré$tdm recirculation rates that are
too low. Also reduced hydraulic loadings mean esgttling in the clarifiers. This
results in less chlorine usage in plants that tisinthe final effluent, since organic
matter exert a high chlorine demand. If filter ediht, rather than secondary clarifier
effluent, is recirculated, the hydraulic loadingrdfier is not affected.

Need for sampling and analysis

The trickling filter is a biological treatment urahd therefore loadings and efficiencies
of the unit are normally determined on the basimffient characteristics (inflow and
BOD) and required quality of effluent or receiviwgters (DO and solids).

Collection of influent and process effluent samptesdetermine performance and
monitor process condition of trickling filters isquired. DO, pH, and settleable solids
testing should be collected daily. BOD and susperstgids testing should be done as
often as practical to determine the percent remoMag levels of BOD and suspended
solids removal are also dependent on the typdtef.fi

An easy test that should be made periodically yaerator is to check the distribution
of wastewater over the filter. If the distributicmnot uniform, the orifices and / or the
stay rod turnbuckles must be adjusted. Test okling filter effluent for dissolved
oxygen, settleable solids and clarity are sometiosegful in evaluating problems when
they occur. Operators should know what range isiffoon” for their plants.

42




MEDAWARE- Task 6: “Guidelines for monitoring”

Figure 8. Typical plant record sheet for tricklifiigers record-keeping
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The following routine sampling points and typestedts will permit the operator to

identify normal and abnormal operating conditions:

- Filter influent: Tests include DO, pH, temperatwettleable solids, BOD, suspended
solids and metals.

- Recirculated flow: Tests include DO, pH, flow rated temperature.

- Filter effluent: Tests include DO, pH and Jar Tests

- Process effluent: Tests include DO, pH, settleablels, BOD and suspended solids.

Table 3. Laboratory analysis for trickling filters

Test Frequency Location Common range

1. Dissolved Oxygen Daily Final Effluent 1,5-2,0 mg/L
Filter underflow 3,0-8,0 mg/L

2. Settleable solids Daily Influent 5-15 mL/L
Final effluent 0-3 mL/L

3. pH Daily Influent 6,8-8,0
Final effluent 7,0-8,5

4. Temperature Daily Influent -

5. BOD Weekly (minimum) Influent 150-400 mg/L
Primary effluent 100-260 mg/L
Final effluent 15-40 mg/L

6. Suspended solids Weekly (minimum) Influent 150-400 mg/L
Primary effluent 60-150 mg/L
Final effluent 15-40 mg/L

7. Chlorine residual Daily Final effluent 0,5-2,@fn

8. Coliform bacteria Weekly (minimum) Final effluen 50-700/100 mL
(chlorinated)

9. Clarity Daily Final effluent 0,3-1m

* When discharge requirements permit primary treathonly, items 7 and 8 may be appropriate

Frequency of testing may vary widely from that shawthe Table 3. In some locations
(near water supply intakes or recreational areag)uah higher frequency may be
required by regulatory agencies. For example, aricld residual analyzer with
recording chart may be required for continuous nooimg.

Response to poor trickling filter performance

If the plant is not operating with a within or néhe common ranges for the plant, then
there are problems.

- Suspended Solids:
An effluent that is high in SS may be expectedfteca all the other test results listed.
Ordinary, this will be due to four principal facsor

1) Heavy sloughing from the filters: that may beedo seasonal weather
changes, a period of heavy organic loading on ilkerd or corrective
actions taken.

2) High hydraulic loading or short-circuiting thiglu the secondary or final
clarifier: if the plant is not receiving more flothan it was designed to
handle, the operator may be able to adjust reciticul rates or the flow
patterns to reduce the clarifier loading.

3) Shock loading caused by toxic wastes or hydraarliorganic overloads.
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4) Gasification (denitrification) caused by sepsiadge in the secondary
clarifier.

- BOD:
The recirculation rate and flow pattern will affexdtluent quality. These can be varied
experimentally, keeping in mind that too low a reaglation rate leads to filter flies and
ponding while too high a rate may cause excessowggsing or hydraulically overload
the clarifiers. If the operation is changed, thanpiwill need at least a couple of weeks
to reach an equilibrium state.

- Settleable Solids:
High settleable solids mean that solids are beanged over the clarifier weir. This also
means that the suspended solids will be high.

- DO:

If the suspended solids and BOD are within range,R0O is almost certain to be in
range also. Increased recirculation will increase DO. In plants with very low
inflows, excessive detention time in the clarifieray cause a problem of low DO in the
effluent. If this is the case, remember that anyatign of the effluent will cause it to
pick up DO. If the elevation is available, a stage type of effluent discharge will help;
otherwise, it may be necessary to aerate the efflusing compressed air or paddle-
type aerators. In plants where low DO results 8ing sludge (denitrification), the
sludge blanket in the secondary clarifier shouldldvweered by increasing the sludge
pumping rate.

- Chlorine Demand:
Difficulty in maintaining a chlorine residual in eéheffluent will be due primarily to
excessive solids in the effluent. The loss of ammocend the inability to form
chloramines may also result in increased chlorgrahds and poor coliform reduction.

- Clarity:
Clarity of the effluent also is related primarilyitv the amount, size, shape and
characteristics of the suspended solids in theiftl In some cases, industrial or food
processing wastes may cause discoloration. TrigKilter effluents tend to be slightly
turbid.

- pH:
The pH of the effluent should move from whatevdugas found in the influent toward
neutral (a pH of 7,0). An effective waste monitgriand regulation (pretreatment
facility inspection) program will decrease the pblity of harmful industrial
discharges. If the pH varies beyond the range bmtwkto 9, then corrective action
(chemical neutralization) may be required to engied treatment.

- Nutrients:
Adequate nutrients are usually available in dormestistewater. Industrial wastewaters
are often nutrient deficient. When industrial wastters dominate the treatment
system, the composition of the influent should balgzed to control the nutrients level.
If the nutrient levels are insufficient, nutrientsust be added to achieve a good
treatment.
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- Coliform count:

Even with high chlorine residuals, sporadic resatisur because some particles are not
penetrated completely by the chlorine. If in-pl@otrections do not solve the solids
carryover problem, some type of water treatmenttplechnique, such as coagulation
and settling, or sand or diatomaceous earth fjltesy have to be used. Nitrification /
denitrification is also a very common cause of pooliform reduction. Some plants
have either taken treatment units off line (to aitrification) or added about 1 mg/L
prior to chlorination to form chloramines to impeodgisinfection.

Operational strategy

The trickling filter is one of the most trouble-éretypes of secondary treatment.
However, there are some problems which include pagnadors, insect and, in colder
climates, freezing. These problems are all coratbdd and, in most cases, preventable.

Successful operation of a trickling filter plantquéres routine observation of the
process units, analysis of plant inflows to obtawastewater characteristics and
determination of the water quality of the plantledht. An operator should note
changes in process units by observing variousipalyfactors such as the flow rate or
height over weirs, launder levels, amount of scumacclarifier, the appearance of the
effluent, the rotation of filter distribution armihie spray pattern, the color of the media
and odors which indicate a change in the biolodgiegtment system. Changes in any of
these factors require investigation to identify #euse and to determine necessary
corrective action.

Plant effluent is the main indicator of how effeely a trickling filter plant is working.

If the quality of the plant effluent starts to drbg increases in the effluent BOD or
suspended solids, then changes must be made apénation of the plant. Operational
changes available to the operator include changései recirculation rates and change
in the operation of the trickling filters from p#led to series operation or vice versa.
One way to detect changes in plant effluent atetseorrective action is by the use of
a trend chart.

Abnormal conditions

Every wastewater treatment plant will face usual almormal conditions. How
successfully these unusual situations are handdpdrais on the advance planning and
preparations taken by the plant operator. In mases, what is an abnormal operating
condition in one plant may be handled as a routiperating procedure in another
plant. This is because the operator took the timeeview the potential situation and
developed a plan to cope with the unusual event.

- Ponding:

Ponding results from a loss of open area in thierfdind can be caused by excessive
organic loading without a corresponding high redaton rate. The cause of ponding
must be located since it may increase rapidly ake obver large areas of the filter.
Increasing the organic loading by increasing tharcalation rate or adjusting the
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orifices on the distributor assembly so that gtidoutes flow more evenly is likely to
flush off some of the heavier portions of the bgytal film and may slowly cure this

condition.

Minor ponding, which may occur from time to timeancbe eliminated by any of several
methods, including the following:

o
o

(@)

- Odors:

Spray filter surface with a high-pressure wateagpr

Hand turn or stir the filter surface with a rakerkf or bar and remove
any accumulation of debris.

Dose the filter with chlorine at about 5 mg/L faveral hours.

If it is possible to flow the filter, keeping theedia submerged for 24
hours will cause the growth to slough somewhat.

Shut off the flow to the filter for several houiighe growth will dry and
can be removed by the use of a leaf rake.

The presence of odors in a trickling filter indestthat anaerobic conditions are
predominant. The following are guidelines to maimtay trickling filters to prevent
odor problems:

o Do everything possible (such as prechlorination poeaeration) to
maintain aerobic conditions in the sewer collectsystem and in the
primary treatment units.

o Check ventilation, if necessary, force air into erttains using
mechanical equipment.

o0 Increase the recirculation rate to provide moregexyto the filter bed
and increase sloughing.

o Keep the wastewater splash from the distributor yafvam exposed
structures, grass and other surfaces.

o During hot weather odors could be noticeable frahlter§ in good
condition. If these odors are a serious problenis ipossible to use
commercial available masking agents.

o For covered filters, a forced-air ventilation gstan odor control of the
exhaust air stream is usually provided. Howevernhuncovered filters
have become a problem, the addition of a coveramdodor control
system could solve the problem.

- Filter flies:

Control of filter flies usually can be accomplished the use of one or more of the
following methods:

o
o
o

Increase recirculation rate.

Keep orifice openings clear.

Apply approved insecticides with caution to filteralls and to other
plant structures.

Flood the filter for 24 hours at intervals frequesriough to prevent
completion of the life cycle.
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o Dose with about 1 mg/L chlorine for a few hoursreaeek.
- Sloughing:

Increasing the recirculation pumping rate to theerfion a weekly basic may help to
introduce controlling sloughing rather than to adlthe slime growths to build up.

- Poor effluent quality:

Check the organic load on the filter when the gdatffluent quality is poor. Measure
both the soluble and total BOD in the final effluefhe results will indicate if the poor
effluent is caused by BOD associated with escapoligls or whether the poor effluent
results from the trickling filter BOD removal capigdoeing exceeded.

- Cold weather problems:

Several measures can be taken to reduce ice prslerthe filter:

o Decrease the amount of recirculation because inflisesusually warmer
than recycled flows.
Operate two-stage filters in parallel rather thaseries.
Adjust or remove orifices and splash plates to cedhe spray effect.
Construct wind screens, covers or canopies to eebaat losses.
Break up and remove the larger areas of ice buildup
Partially open ends gates to provide a stream rdlfam a spray along
the retaining wall.
0 Add hot water or steam to the filter influent daessary

O O O0OO0oOo

- Plant inflow:

Plant inflows may be considered abnormal whenetlae high flow rates, extreme
levels of suspended solids or BOD or inflow of atgeinfluent. In a trickling filter
plant, the operator usually has three alternafiwesontrolling abnormal flows:
o If possible, increase the number of filters in @ben (adjust loading
rates)
o Reduce or stop filter recycle or recirculation rgedjust DO and
dilution)
o Operate filters in parallel operation rather thanies operation (adjust
loading rates)

- Operational problems with upstream or downstré@atment process:

When a treatment process has operational probkbesperator should be aware of the
possible compensating adjustments or actions tlagt Ibe available to maintain plant
effluent quality.

0 Screening: if a comminutor or other screening eapaipt has failed, the
operator of a trickling filter plant should frequn clean the bypass
rack to remove as much of the debris as possibé&guent skimming of
the primary clarifiers also will help to reduce gdling of the orifices in
the distributor arm.
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o Grit: large volumes of grit will seldom reach thkefrs unless a primary
clarifier is bypassed or excessively overloadedhwiow. When the
primary clarifier is excessively hydraulically ol@mded, the grit will be
deposited in the underdrain which will allow septeoms and conditions
to develop and produce odors. When this occurdilteeis taken out of
service, flooded, drained, the media washed offi wiaiter from a hose
under high pressure, and the underdrain cleaned.

o Primary clarifier: when a primary clarifier is oat service in a trickling
filter plant, operate the filters in series. Thi®gedure should keep the
second filter healthy and leave only the firsefilto clean.

o Secondary clarifier: when a secondary clarifienus of service, solids in
the treated effluent will increase and will accuatel in the chlorine
contact basin. Operate the filters in series. Appdymal recirculation
flows to the first filter and do not recirculate ttoe second filter. Apply
the normal flow as evenly as possible to the seddtetr. A simple
device containing a coarse hardware-cloth screea emilar device
could be installed in the underdrain channel dfebdox to catch the
sloughings.

o Chlorinator: when one chlorinator is not workingring another
chlorinator on line if one is available. If notduece the hydraulic load on
the secondary clarifiers as much as possible taimlkhe best solids
removal

Table 4 summarizes common problems and suggestsstova@prrect them.
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Table 4. Solutions to trickling filter problems

Increase recirculation rate

Rake or stir filter surface

Dose filter with chlorine

y out

Check plant influent

Check ventilation

Protect outside areas from splash

Use masking agents

Check exhaust odor control

Qvetan

Apply insecticides

Keep weeds down

Decrease recirculation

Parallel operation

Reduce spray (adjust nozzles)

Partially open end gates

Keep the sludge pump out of the

clarifier

Ponding

% Spray (jet) filter surface

«<| Stop distributor to flush out

x

*

X| Let filter dr

x| Replacement of media

Filter Flies

x| X

<, x, Flood filter

x

X

X

Odors

XX x

Icing of the
Filter

X

Low
Dissolved
Oxygen in
Secondary
Clarifier

Floating
Sludge in
Secondary
Clarifier

High
Effluent
Suspended
Solids

*Drastic measure: response to abnormal conditions

Troubleshooting

The tables in the next pages list indicators ofsgie process or component failure in
trickling filters, the probable cause of failuredamow to remedy and prevent the failure.
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Table 5. Troubleshooting guide-Trickling Filters

INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR SOLU TION
1. Filter ponding Excessive organic loadirVisual inspection of Maintain filter loadings (both,
ponded areas to Organic and hydraulic) within
determine cause; Checkplant guidelines
loading rates
Accumulation of leaves Inspect surface of medial. Remove debris from filter
and debris for rags, rubber goods, surface
and leaves where 2. Clean distributor orifices
ponding is occurring 3. Check preliminary treatment
screening equipment if large
amount of rags
4. Maintain trees and shrubs
adjacent to filter to prevent leaf
drop on media
Excessive sloughing;  Growth clogging filter 1. Check hydraulic loading
Excessive biological media 2. Flood filter for 24 h to loosen
growth and flush growth from voids
when returned to service
3. Check for equal distribution
from filter nozzles, readjust
orifices to maintain equal
distribution onto media
4. Jet with hose, rake or stir mes
with bar to loosen growths and
clean media
5. Dose with approximately 5
mg/L chlorine for several hours
to clean media; If done during
low flows, keep the chlorine
dose to minimum
Improper operation of Excessive suspended 1. Correct operation of primary
primary treatment units solids, scum, BOD in clarification units;
primary effluent 2. Apply chemical aids to primai
influent to improve efficiency
(chlorine, coagulants )
Insect, snails, moss Visual inspection of  Flush filter and chlorinate filter
ponded areas to influent produce a chlorine
determine cause residual of 0,5t,0 mg/L for sever:
hours
Media too small or not Screen size of media forReplace media
uniform in size, broken uniformity
down by extreme
temperatures
2. Filter flies Hydraulic loading too lovHydraulic loading Prevent completion of fly life cyc
to wash filter of fly larvaeshould be greater than by the following remedies:
8.000 L/d/nf 1. Increase recirculation rate
2. Flood filter for 24 hours at
intervals frequent enough to
prevent completion of life cycle
3. Chlorinate to produce a resid
of 1,0 mg/L for a few hours
each week
4. Apply with caution an approwv

insecticide to filter walls and
areas breeding flies
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INDICATOR/OBSERVATION

PROBABLE CAUSE

CHECK OR MONITOR

SOLU TION

2. Filter flies (continued)

3. Odors

Excessive biological
growth on filter
Plant grounds around
filters provide breeding
ground for flies
Poor distribution of
wastewater, especially
along filter walls

Visual inspection

Inspect grounds

Check distribution with
pans

Anaerobic waste being Monitor plant

applied to filters

Poor ventilation of filter

Excessive biological
growths

Poor housekeeping

prechloration and pre-
aeration units

Remove excessive growth as
described in %8 point

Maintain grounds so as not to
provide a sanctuary for flies

1. Unclog spray orifices or
nozzles, end gate vent nozzles

2. Change orifice plates on
leading edge of distributor to
slow down distributor,
providing higher flushing
action on media to clear voids
of growth

1. Attempt to maintain aerobic
conditions throughout the plant
by prechlorination, preaeratio
and proper primary treatment
operation

2. Increase recirculation rate on
filter to improve aerobic
conditions

3. Chlorinate filter influent to
reduce organic and-8 load

Check filter underdrain 1. Flush and clean filter

for debris and organic
material and media for

underdrains and channels,
remove all sediment and debris

heavy biological growth 2. Flush vet tubes or draft tubes

Inspect media voids

Visual inspection

4. Snails, moss and roaches Climatic conditions akftisual inspection

5. Uneven distribution of
flow on filter surface

geographical location

Clogging of distributor
orifices

Inadequate hydraulic
distribution on filter

Check with pans; Look
for ponding in some
areas with concurrent
drying in other areas
Hydraulic loading on
surface area; Check
with pans

for open and free air passage
3. Apply forced ventilation by
mechanical fans or blowers to
underdrains
1. Increase recirculation tate
filter
2. Flood and flush filter media to
remove excessive growths
Remove déanis filter media
and wash down distributor splash
plates and walls above media;
Immediately remove slime growt
caused by wastewater splash on
exposed structures and walls ab
media
1. Chlorinate to produce residual
of 0,5-1,0 mg/L
2. Flush filter with maximum
recirculation rate
1. Open end gates, flush
distributor arms
2. Clean distributor nozzles

Maintain equal hydraulic load on
all of filter surface area by
adjusting orifices and recirculation
rates
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INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR SOLUTION

5. Uneven distribution of ~ Seal leaks Seal Replace seal
flow on filter surface
(continued)
6. Ice buildup on filter medi&limate Air and wastewater 1. Decrease recirculation
temperature When used, operate two-stage
filters in parallel
3. Adjust orifices and splash
plates for coarse spray
4. Partially open dump gates at
outer end of distributor arms to
provide a stream rather than a
spray
5. Break up and remove ice
formation
6. Construtwind screens, covetr
or canopies to reduce heat
losses
7. Add hot water or steam to the
filter influent, if necessary
Uneven distribution Visual inspection Adjust distributors for more even
during freezing weather flow (remove debris if it has
clogged orifices)
7. Increase in secondary Excessive sloughing frorMonitor filter effluent 1. Change mode of operation

N

clarifier effluent filter due to seasonal  for SS, BOD, DO and 2. Polymer addition to clarifier
suspended solids change pH influent if SS uncontrollable by
filter operation change
Excessive sloughing dueOrganic loading and Increase clarifier underflow rate
to organic loading percent BOD removal
by filter from influent to
effluent
Excessive sloughing dugH, toxic substances 1. Increase recirculation for
to pH or toxic conditions dilution

2. Maintain pH between 5,5 and
9,0 and preferably between 6,5
and 8,5 by use of chemicals
Denitrification in clarifier Check effluent for Increase clarifier underflow rate
nitrification and see if
sludge floats in clumps

Final clarifier Clarifier overflow rate  If due to recirculation, reduce
hydraulically overloaded (should not exceed recirculation rate during peak flow
96.000 L/d/m) periods
Final clarifier equipment Check for: 1. Pump settled sludge more
malfunction 1. High sludge blanket frequently
2. Broken sludge 2. Repair or replace broken
collection/pumping equipment; adjust weirs to an
equipment equal elevation

3. Broken baffles
4. Uneven flows over
effluent weirs
Temperature currents in Temperature profile of Install baffles to stop
final clarifier clarifier shortcircuiting
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SECONDARY TREATMENT: ROTATIONG BIOLOGICAL CONTACTOR S
(RBC REACTORS)

The Rotating Biological Contactors (Figure 9) ibialogical treatment system and is a
variation of the attached growth idea provided b trickling filter. The basic
biological process is similar to that occurring tine trickling filter. A Rotating
Biological Contactors consists of a series of dipspaced (mounted side by side),
circular, plastic (synthetic) disks that are tyflicabout 3,5 m in diameter and attached
to a rotating horizontal shaft.

Figure 9. Typical biological contactor (reactogdtment plant

Operation and maintenance

Start-up procedures

Before starting any equipment or allowing any wastier to enter the treatment
process, check the following items:

- Tightness: Inspect the following for tightness ancordance with manufacturer’s
recommendations.

Anchor bolts.

Mounting studs.

Bearing caps: Check any torque limitations.
Locking collars.

Jacking screws.

Roller chain: Be sure chain is properly aligned.
Media: Unbalanced media may cause slippage.
Belts: Use matched sets on multiple belt drives.

O O0OO0OO0OO0OO0O0O0

- Lubrication: Be sure the following parts have mem®rrectly lubricated with proper
lubricants in accordance with manufacturer’s recamdations.
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0 Mainshaft bearings.
o Roller chain.
0 Speed reducer.

- Clearances:

Between media and tank wall.

Between media and baffles or cover support beams.
Between chain casing and media.

Between roller chain, sprockets and chain casing.

© O O0Oo

- Safety: Be sure safety guards are properly ilestabver chains and other moving
parts.

Follow the same start up procedures whether a jdastarting at less than design flow
or at full design flow. Start up during cold weathakes longer because the organisms
in the slime growth (biomass) are not as active eeglire more time to grow and
reproduce.

Daily operation and maintenance

Rotating biological contactor treatment plants rawe difficult to operate and produce a
good effluent provided the operator properly andutarly performs the duties of
inspecting the equipment, testing the influent aftluent, observing the media,
maintaining the equipment and taking correctivéoachecessary.

Rotating biological contactors have few moving paahd require minor amounts of
preventive maintenance. Chain drives, belt driggspckets, rotating shafts and any
other moving parts should be inspected and makdaiin accordance with
manufacture’s instructions. Maintenance also inetudhe repair or replacement of
broken parts.

Need for sampling and analysis

Wastewater analysis is required to monitor ovepddint and process performance.
Because there are few process control functionbetgperformed, only a minimal
analysis is required to monitor and report dailyf@enance. To determine of the
rotating biological contactors are operating prbpeyou should measure BOD,
suspended solids, pH and dissolved oxygen (DO).

It should be conducted daily for DO content and BA@D and suspended solids testing
should also be accomplished to aid in assessirigrpgance.

For process control, the Rotating Biological Cotdegx process does not require large

amounts of sampling and testing to provide thermftdion required. The frequency for
performing suggested testing depends on availalsleurces and variability of process.

55




MEDAWARE- Task 6: “Guidelines for monitoring”

The following routine sampling points and typeste$ts will permit the operator to

identify normal and abnormal operating conditions:

- RBC train influent: Tests include pH, temperatwettleable solids, BOD, suspended
solids and metals.

- RBC: Test includes speed of rotation.

- RBC train effluent: Test includes DO, pH, Jar Tests

Process effluent: Tests include DO, pH, settleablels, BOD and suspended solids.
- DO:

The DO in the wastewater being treated beneathothéing media will vary from stage
to stage. A plant designed to treat primary efftukm BOD and suspended solids
removal will usually have 0,5 to 1,0 mg/L DO in thest stage. The DO level should
increase to 1 to 3 mg/L at the end of the firsyjstaA plant designed for nitrification to
convert ammonia and organic nitrogen compoundsittata usually will have four
stages and DO levels of 4 to 8 mg/L. The differelpeveen an RBC unit designed for
BOD removal and one designed for nitrification he design flow applied per square
foot of media surface area. DO in the first stafyeitvification unit be more than 1mg/L
DO and often as high as 2 to 3mg/L.

- Effluent values:

Typical BOD, suspended solids and ammonia andteiteffluent values for rotating

biological contactors depend on reactor design.fléws increase, effluent values
increase because a greater flow is applied to squlre meter of media while the time
the wastewater is in contact with the slime growsh®duced.

If analysis of samples reveals a decrease in psoefigiency, look for three possible
causes:

1. Reduced wastewater temperatures.

2. Unusual variations in flow and/or organic loaghn

3. High or low pH values (less than 6,5 or gretitan 8,5).

- Temperature:

Wastewater temperatures below 13°C will result iaduction of biological activity and
in a decrease in BOD or organic material removait kuch can be done by the
operator except to wait for the temperatures toeimee again. Under severe conditions,
provisions can be made to heat the building, thenaide the RBC unit cover, or the
RBC unit influent.

- Influent variations:
When large daily influent flow and/or organic (BORAriations occur, a reduction in

process efficiency is likely to result. Before @utive steps are taken, the exact extent
of the problem and resulting change in processieffcy must be determined.
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In treatment plants where the influent flow anddoganic loads exceed design values
for a sustained period, the effluent BOD and sudpdnsolids must be measured
regularly during this period to determine if cottree action is required.

During periods of severe organic overload, the hedid or baffle between stage one
and two may be removed. This procedure providemget amount of media surface
area for the first stage of treatment.

- pH:

Every wastewater has an optimum pH level for besatability. To adjust the pH

toward 7,0 either preaerate the influent or addrobals. If the pH is too low, add

sodium bicarbonate or lime. If the pH is too higldd acetic acid. The amount of
chemical to be added depends on the characteristithke water and can best be
determined by adding chemicals to samples in theasted measuring the change in pH.
When dealing with nitrification, pH and alkalinigre very critical. The pH should be
kept as close as possible to a value of 8,4 wiiteifying. The alkalinity level in the

raw wastewater should be maintained at a levedast!7,1 times the influent ammonia
concentration to allow the reaction to go to cortiptewithout adversely affecting the
microorganisms. Sodium bicarbonate can be usatttease both the alkalinity and pH.

Operational strategy

Rotating biological contactors are usually precebggreliminary treatment processes
consisting of screening and grit removal, and biynary settling. Some rotating

biological contactor plants have aerated flow eigatibn tanks between the primary
clarifiers and the rotating biological contactoiow equalization tanks may be
installed to equalize or balance highly fluctuatitayvs and to allow for the dilution of

strong wastes and neutralization of highly acidial&aline wastes.

Abnormal conditions

Abnormal operating conditions may develop underftiiewing circumstances:

1. High or low flows.
2. High or low solids loading.
3. Power outages.

When your plant must treat high or low flows oridsl(organic) loads, abnormal
conditions develop as the treatment efficiency drop

One advantage of RBC units is the fact that higiwvél usually do not wash the slime
growths off the media; consequently the organismes @resent and treating the
wastewater during and after the high flows.

A power outage requires the operator to take cerfaecautions to protect the
equipment and the slime growths while no powewalable. If the power is off for less

than four hours, nothing needs to be done. If thvgv outage lasts longer than four
hours, the RBC shaft needs to be turned about oagey of a turn every four hours.
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Troubleshooting

The tables in the next pages list indicators ofsgads process or component failure in
rotating biological contactor, the probable causdadure and how to remedy and
prevent the failure.
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Table 6. Troubleshooting guide-Rotating Biologi€Caintactor

INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR SOLU TION
1. Decreased treatment  Organic overload Check peak organic 1. Improve pretreatment of plant
efficiency loads, BOD, SS, DO, 2. Place another RBC in service
pH, temperature available

3. Remove bulkhead between
stages 1 and 2 for larger first
stage

4. Recycle effluent as a possible
short term solution

Hydraulic overload Check peak hydraulic 1. Flow equalization; eliminate
loads, if less than twice source of excessive flow
the daily average, 2. Balance flows between reactors

should not be the cause.3. Store peak flows in collection
system, monitor possible
overflows of collection system
pH too high ortoo low  Desired range is 6,5-8,%. Eliminate source of undesira
for secondary treatment, pH or add acid or base to adj
8-8,5 for nitrification pH. When nitrifying, maintain
alkalinity at 7 times the influe
NH; concentration
2. Sodium bicarbonate can be
used to increase both pH and

alkalinity
Low wastewater Temperature less than 1. Cover RBC to contain heat of
temperatures 55°F (13°C) will reduce wastewater
efficiency 2. Heat influent to unit or building
2. Excessive sloughing of Toxic materials in influerDetermine material and 1. Eliminate toxic material if
biomass from discs its source possible if not, use flow

equalization to reduce
variations in concentration so
biomass can acclimate
2. Recycle effluent for dilution
Excessive pH variations pH below 5 or above 1Bliminate source of pH variations
can cause sloughing  or maintain control of influent pH
Unusual variation in flowinfluent flow rate (s) 1. Eliminate/reduce variations by
and/or organic loading and organic strength throttling peak conditions and
recycling from the secondary
clarifier or RBC effluent durin
low flows
2. Monitor industrial contributors
for flow variations

3. Development of whi  Septic influent or high  Influent odor Preaerate wastewater or add
biomass over most of dis¢i,S concentrations sodium nitrate or hydrogen
area peroxide or place another RBC L

in service. Perchlorination of
influent will also control sulfur
loving bacteria
First stage is overloadedOrganic loading on first 1. Improve pretreatment of plant
organically stage 2. Place another RBC in service,
if available
3. Adjust baffles between first a
second stages to increase total
surface area in first stage
4. Solids accumulating in Inadequate pretreatment Determine if solids are  Remove solids from reactors
reactors grit or organic and provide improved grit
removal or primary settling
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SECONDARY TREATMENT: ACTIVATED SLUGE

The activated sludge process follows primary swjtli(Figure 10). The basic
components of an activated sludge sewage treatsystem include an aeration tank
and a secondary basin, settling basin, or clariReimary effluent is mixed with settled
solids recycled from the secondary clarifier andhien introduced into the aeration
tank. Compressed air is injected continuously theomixture through porous diffusers
located at the bottom of the tank, usually along side.

Wastewater is fed continuously into an aerated ,tamkere the microorganisms

metabolize and biologically flocculate the organi@scroorganisms (activated sludge)
are settle from the aerated mixed liquor undergpget conditions in the final clarifier

and are returned to the aeration tank. The mixa@igectivated sludge and wastewater in
the aeration tank is called the mixed liquor.

The equipment requirements for the activated slymtgeess are aeration tank, aeration,
system settling tank, return sludge, and wastegsiud

The formation of activated sludge is dependent loeet steps. The first step is the
transfer of food from wastewater to organisms. 8dde the conversion of wastes to a
usable form. Third is the flocculation step.

Figure 10. Plant layout of a typical activated gleighlant

The most common types of treatment processes arextended aeration type, the
contact stabilization type and the complete miet{fpigure 11).
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Figure 11. Types of packages aeration plants

Requirements for control

Effective control of the activated sludge procespeahds on the operator’'s ability to
interpret and adjust several interrelated fact®mne of these factors are:

o Effluent quality requirements.
o Flow, concentration and characteristics of the @exmater received.
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o Amount of activated sludge (containing the workimiganisms) to be
maintained in the process relative to inflow.

o Amount of oxygen required to stabilize wastewatergen demands and
to maintain a satisfactory level of dissolved oxyge meet organism
requirements.

o Equal division of plant flow and waste load betwekiplicate treatment
units (two or more clarifiers or aeration tanks)

o Transfer of the pollutional material (food) fromethvastewater to the
floc mass (solids or workers) and separation of shkds from the
treated wastewater.

o Effective control and disposal of in plant residysslids, scums and
supernatants) to accomplish ultimate disposalriorgolluting manner.

o Provisions for maintaining a suitable environmeortthe work force of
living organisms treating the wastes to keep theaithy and happy.

Need for sampling and analysis

A number of factors affect the performance of ativated sludge system. These
include the following:

- Temperature

- Return rates

- Amount of oxygen available

- Amount of organic matter available
- pH

- Waste rates

- Aeration time

- Wastewater toxicity

In operating an activated sludge process, the tpenaust be familiar with the many
important process control parameters that must beitored frequently and adjusted
occasionally to maintain optimal performance.

1. Alkalinity: Monitoring alkalinity in the aeratio tank is essential to control of
process. Insufficient alkalinity will reduce orgamis activity and may result in
low effluent pH and, in some cases, extremely hoplorine demand in the
disinfection process.

2. Dissolved Oxygen: The activated sludge processan aerobic process that
requires some DO be present at all times. The atmolimxygen required is
dependent on the influent food (BOD), the actiafythe activated sludge, and the
degree of treatment desired.

3. pH: Activated sludge microorganisms can be gguor destroyed by wide
variations in pH. The pH of the aeration basin wdrmally be in the range of 6,5
to 9,0. Process undergoing nitrification may showsignificant decrease in
effluent pH.

4. Mixed Liquor Suspended Solids, Mixed Liquor Md&a Suspended Solids, and
Mixed Liquor Total Suspended Solids: The MLTSS s important activated
sludge control parameter. To increase the MLTSSefample, the operator must
decrease the waste rate or increase the MCRT. T®RTMmust be decreased to
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prevent the MLTSS from changing when the numbeaeayhtion tanks in service
is reduced.

5. Return Activated Sludge Rate and Concentratidre sludge rate is a critical
control variable. The operator must maintain a iomaius return of activated
sludge to the aeration tank or the process willwste drastic decrease in
performance. The return concentration is also it@pbroecause it may be used to
determine the return rate required to maintaindémsred MLSS.

6. Waste Activated Sludge Flow Rate: Because thigaded sludge contains living
organisms that grow, reproduce, and produce wastdem the amount of
activated sludge is continuously increasing.

7. Temperature: Because temperature directly affetite activity of the
microorganisms, accurate monitoring of temperatare be helpful in identifying
the causes of significant changes in organizati@pufations or process
performance.

8. Sludge Blanket Depth: The separation of solidd &quid in the secondary
clarifier results in a blanket of solids. The sladganket depth may be affected by
other conditions, such as temperature variatioxictwastes, or sludge bulking.
The best blanket depth must be determined on anvidoél basis by
experimentation.

Package plants (extended aeration)

This type of plant is usually under a light loadlamm sized for a long retention of the
solids. The operation of these plants is similath® operation of any other activated
sludge plant. It comes in many sizes, but basidaklye are just two compartments or
tanks made from one large tank. The larger compantns used for aeration and the
smaller one for clarification and settling.

The most common types of treatment processes arextended aeration type, the

contact stabilization type and the complete mixetypphese processes are essentially
modifications of the conventional activated sluggecess and describe the structural
arrangements of the aeration tank as well as varastangements of process streams
that are used to provide process flexibility. R&tadally, almost all package plants are

of the extended aeration type.

Two methods are commonly used to supply oxygen ftom air to the bacteria:
mechanical aeration and diffused aeration. Bothhoug are mechanical processes with
the difference being whether the mechanisms amr @& the aerator or at a remote
location.

Start-up procedures

The aerator compressor should be started andteodurced to the diffusers prior to the
introduction of wastewater. If wastewater enteestdnk before air is coming out of the
diffusers, the diffusers could become pluggedhé plant is the diffused air type with
air lifts for return sludge, the air line valve &t lifts will have to be closed until the
settling compartment is filled.
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Try to build up the solids or mixed liquor suspethdsolids (MLSS) as quickly as
possible during start-up.

Daily operation and maintenance

Package activated sludge plants should be checlargl day. Each visit should include
the following:

- Check the appearance of aeration and final aatibn
compartments.

- Check aeration unit for proper operation anditigiion.

- Check return sludge line for proper operationthié air lift is not
flowing properly, briefly close the outlet valve h forces the ire to
go down and out the tail piece. This will blow wtcand clear any
obstructions. Reopen the discharge valve and atjudtsired return
sludge flow.

- Check comminuting device for lubrication and Gtiem.

- Hose down aeration tank and final compartment.

- Brush weirs when necessary.

- Skim off grease and other floating material sastplastic and rubber
goods.

- Check plant discharge for proper appearancessgrer material of
wastewater origin that is not desirable.

Maintenance:

- Plant cleanliness. Wash down tank walls, weird @hannels to
reduce the collection of odor causing materials.

- Aeration equipment:
Air blowers and air diffusion units.
Mechanical aerators.

- Air lift pumps.

- Scum skimmer.

- Sludge scrapers.

- Froth spray system.

- Weirs, gates and valves.

- Raw wastewater pumps.

Response to poor activated sludge performance

If your package activated sludge plant does not lzavaerobic digester, applying waste
activated sludge to drying beds may cause odorlgmob If odors from waste sludge
drying beds are a problem, consider the followiolgitsons:

- Waste the excess activated sludge into an aehatielthg tank. This
tank can be pumped out and the sludge disposed ah iapproved
sanitary landfill. If aerated long enough, the giedould be applied
to drying beds.
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- The excess or waste activated sludge can be oy a septic tank
pumper and disposed of in an approved sanitaryfiland

- Arrange for disposal of the excess activated gdudt a nearby
treatment plant.

Operational strategy

The following list outlines items that you the ogier must consider in the day to day
operation of your treatment plant:

1. Do the influent flow characteristics vary sigeaintly during the year? Is your
activated sludge process operation adequate todersuitable treatment for these
variations?

2. Is adequate pretreatment and collection systemnitoring being practiced to
avoid downstream mechanical or process failure?

3. Are routine solids tests performed (centrifugeftleability, depth of blanket,
visual observations) with results plotted on gragghassist you in determining if a
change in the process mode or operation is negéssar

4. s suitable aeration time and mixing being pded to allow adequate oxidation,
conversion and floc formation of the solids?

5. Is adequate sludge wasting being practiced apgsly maintain a favorable food
to microorganism balance throughout the system?

6. If an increase or decrease in organisms resigltshe oxygen level adjusted
accordingly to maintain proper solids settling gmaduction of a clear final
effluent?

7. Is the return sludge flow rate such that itvaidor a high concentration of solids
which will reduce the amount of water returnedhe &erator?

8. Do you visit your plant on a regular basis t®eave process conditions, check
equipment for proper operation, lubricate and namtequipment, and clean
process tanks and related equipment?

9. Before leaving your plant for the day, do youkma final and detailed check of
the equipment for proper operation? Do you enshed flow rates are set
properly, that flow gates are set for possiblerstand/or high flow conditions,
that timer controlled equipment and equipment asaare set properly, and that
equipment is stored and buildings and gates angepiyolocked?

Abnormal conditions

Abnormal conditions can upset the microorganismsthie aeration tank. As the
temperature changes from season to season, théyaofithe organisms speeds up or
slows down. Also the flows and waste in the plafluent change seasonally.

All of these factors require the operator to grdiguadjust aeration rates, return sludge
rates and wasting rates. Abnormal conditions maysisb of high flows or solids
concentrations as a result of storms or weekerdkloa

Toxic wastes such as pesticides, detergents, deleerigh or low pH levels can upset
or kill the microorganisms in the aeration tank.
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Troubleshooting

When problems develop in the activated sludge psdey to identify the problem, the
cause of the problem and select the best possihiea. The activated sludge process
is a biological process and may require from tli@gs to a week or longer to show any
response to the proper corrective action. Allowesesr more days for the process to
stabilize after making a change in the treatmeot¢ss.

1. Solids in the effluent:

- If effluent appears turbid (muddy or cloudy), theturn activated sludge
pumping rate is out of balance. Try increasing ftbieirn sludge rate. Also
consider the possible presence of something taxtbeé microorganisms or a
hydraulic overload washing out some of the solids.

- If the activated sludge is not settling in tharifler (sludge bulking), several
possible factors could be causing this problem kLioo too low solids level in
the system, low dissolved oxygen concentrationsha aeration tank, high
grease levels in influent, or alkaline wastes fltaundry.

- If the solids level is too high in the sludge qmartment of the secondary
clarifier, solids will appear in the effluent. Tigcreasing the return sludge
pumping rate.

- If odors are present and the aeration tank milkgaor appears black as
compared with the usual brown color, try increasirgation rates and look for
septic dead spots.

- If light colored floating sludge solids are obssat on the clarifier surface, try
reducing the aeration rates. Try to maintain tlesalved oxygen at around 2
mg/L throughout the entire aeration tank.

2. Odors:

- If the effluent is turbid and the aeration tankked liquor appears black as
compared with the usual brown color, try increasirgation rates and look for
septic dead spots.

- If clumps of black solids appear on the clarifnface, try increasing the
return sludge rate. Also be sure the sludge retiimess not plugged and that
there are no septic dead spots around the edgdsesvhere in the clarifier.

- Examine method of wasting and disposing of waste&vated sludge to be sure
this is not the source of the odors.

- Poor housekeeping could result in odors. Do Hotwasolids to accumulate or
debris removed from wastewater to sit around thatph open containers.

3. Foaming/Frothing:
Foaming is usually caused by too low solids levallevfrothing is caused by
too long solids retention time.

- If too much activated sludge was wasted, reduasting rate.

- If overaeration caused excessive foaming, redication rates.

- If plant is recovering from overload or septicnddgions, allow time for
recovery.
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Foaming can be controlled by water sprays or coromaér available defoaming agents
until the cause is corrected by reducing or stappirasting and building up solids
levels in the aeration tank.

Oxidation ditches

The oxidation ditch (Figure 12) is a modified foohthe activated sludge process and
usually operated in the extended aeration mode.

The main parts of the oxidation ditch are the aemabasin which generally consists of
two channels placed side by side and connectdaeatrids to produce one continuous
loop of the wastewater flow, a brush rotor assemdsytling tank, return sludge pump
and excess sludge handling facilities.

The oxidation ditch forms the aeration basin ane llee raw wastewater is mixed with
previously formed active organisms.

Since the oxidation ditch is operated as a closgstesn, the amount of volatile
suspended solids will gradually increase. Wastihgladge lowers the MLSS (Mixed
Liqguor Suspended Solids) concentration in the décld keeps the microorganisms
more active. Control of sludge concentration by timgsof excess sludge is one of the
reasons for the high reductions possible by tris¢ss.

Figure 12. Oxidation ditch plant

Start-up procedures

There are two primary objectives of start-up. Oneimake certain that all mechanical
equipment is operating properly. The second is deebtbp a proper microbial floc
(activated sludge) in the oxidation ditch. Floc eleyment is essential for the plant to
succeed in reducing the quantities of pollutingerats in the raw wastewater.

Start to fill the ditch with water or wastewater pbssible, add a water tank or two full

of healthy seed activated sludge from a nearbytplaivert all wastewater to be treated

into the ditch. If the ditch was initially filled #h wastewater and one or two days were
required to fill the ditch during hot weather, ogwoblems could develop.
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During plant start-up, dark gray color of the dey@hg MLSS may be seen. A dark
gray color usually indicates a lack of bacterialdup in the mixed liquor.

During start-up, an unstable clarifier effluent miagult due to the inadequate biological
treatment; wastewater testing procedures shoulohibated as soon as possible. The
actual flow rates should be recorded and also teeming BOD and COD levels.
Building up of the MLSS concentration is the maaportant activity during the start-
up process.

Following start-up, when the plant has stabilizib@, solids should settle rapidly in the
clarifier leaving a clear, odorless and stableuefiit.

Daily operation and maintenance

Process controls and operation of an oxidatiorhdiie similar to the activated sludge
process. To obtain maximum performance efficieribg, following control methods
must be maintained:

1. Proper food supply (measured as BOD or COD amdiaxicants) for the
microorganisms.

2. Proper DO levels in the oxidation ditch: Propgeration of the process depends
on the rotor assembly supplying the right amourdxgfgen to the waste flow in
the ditch. The ditch outlet level control weir réages the level of water in the
oxidation ditch.

3. Proper ditch environment (no toxicants and sigfit microorganisms to the
treat the wastes): Performance of the ditch andhdénvironment can be
evaluated by conducting a few simple tests andrgéobservations. The color
and characteristics of the floc in the ditch aslwslthe clarity of the effluent
should be observed and recorded daily. Typicaktast settleable solids, DO
upstream of the rotor, pH and residual chlorinéhii plant effluent. Oxidation
ditch solids are controlled by regulating the retsludge rate and waste sludge
rate. If dark solids appear in the settling tanther the return sludge rate should
be increased (solids remaining too long in clarjfe@ the DO levels are too low
in the oxidation ditch. Adjusting the waste sludgge regulates the solids
concentration (number of microorganisms) in thedakon ditch.

4.  Proper ditch detention time to treat the wabtesontrol of the adjustable weir:
Velocities in the ditch should be maintained at @3),45 m/s to prevent the
deposition of floc.

5. Proper water/solids separation in the clarifiggsually all sludge formed by the
process and settled in the clarifier is returnethoditch, except when wasting
sludge.

Observations:
General observations of the plant are importartieip you determine whether or not
your oxidation ditch is operating as intended. Ehebservations include color of the

mixed liquor in the ditch, odor at the plant sit@nd clarity of the ditch and
sedimentation tank surfaces.
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- Color:

You should note the color of the mixed liquor ire tthitch daily. If the MLSS,

following proper start-up, changes color from akdarown to a light brown and
the MLSS appear to be thinner than before, theggluglaste rate may be too
high which may cause the plant to lose efficientyamoving waste materials.
By decreasing sludge waste rates before the cmbtehs too much, you can
ensure that the plant effluent quality will not el@rate due to low MLSS
concentrations. If the MLSS becomes black, thehdiscnot receiving enough
oxygen and has gone “anaerobic”.

- Odor:
Odor, if detected, should have an earthy smell. rtGslmilar to rotten eggs
indicates that the ditch may be going anaerobiguireng more oxygen or a
higher ditch velocity to prevent deposition of dali The color of the MLSS
could be black if this were the case. Grease ahdissouildup on the edge of the
ditch or sedimentation tank will go anaerobic aadse odors.

- Clarity:
The clarity will depend on the ditch velocity artsettling characteristic of the
activated sludge solids. Two other good indicatiafisa properly operating
oxidation ditch are the clarity of the settling kamater surface and the oxidation
ditch surface free of foam buildup.

Maintenance:

A general cleanup each day at the plant is impbriEms not only gives you a more
pleasant place to work, but also helps your planfgom better. Daily cleanup usually
includes removing and burying debris that may haveumulated on the bar screen;
removing grease and scum from the surface of thefiek; and washing or brushing
down the ditch and clarifier weirs and walls.

Operational strategy

The items considered in the operational strategypBckage aeration plants are the
same as those considered for oxidation ditches.

Abnormal conditions

Environmental factors that affect the wastewateattnent process include temperature
and precipitation. The wastewater temperature wffethe activity of the
microorganisms. During cold weather this reducetividg might lower the efficiency
of the treatment system. Besides biological effeftemperature, the flocculation and
sedimentation of the mixed liquor solids are no¢ffsctive at lower temperatures.
Some of the safeguards that must be considered are:

- The oxidation ditch in cold weather areas shdnddperated for the maximum

detention time practical in order to conserve ashheat in the wastewater as
possible. This action will inhibit ice chunk forna.
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- The splashing and/or spraying action producedhieyrotor will allow ice to
form on the rotor assembly.

In some treatment plants, very heavy rains or smmhs cause flows to the treatment
plant to exceed three to four times design flowisTie generally accompanied by a
weaker wastewater in terms of BOD and COD due ¢oditution effect of the storm
water. These hydraulic overloads may exceed thaotgpof the clarifier to settle
sludge solids properly. When this occurs, extrentegh BOD, COD and suspended
solids concentrations will be discharged to theeineng stream in the final effluent and
possible process upsets can occurs if correctitrerais not taken.

Another method of preventing hydraulic overloadsrfrcausing this discharge of high
BOD, COD and suspended solids concentrations ishtd down one or more rotor
assemblies in the ditch.

Troubleshooting

The problems of package aeration plants and théigot are very similar to those of
oxidation ditches. If floatables appear in the fisattling tank, examine the baffle
around the level control weir. Since oxidation kés do not have primary clarifiers,
plastic goods and other floatables can be a proiflém baffle is not properly adjusted.

Sequencing Batch Reactor (SBR)

The Sequencing Batch Reactor (SBR) is the namengiwea wastewater treatment
system based on activated sludge and operatefillkaad draw cycle.

The most important difference between SBR and theventional activated sludge
systems is that reaction and settle take placéiensame reactor. Basically, all SBR
have five phases in common, which are carriedrogeguence as follows:

1. Fill: Raw wastewater flows into the reactor ankes with the biomass held in the
tank.

2. React: The biomass consumes the substrate god#olled conditions: anaerobic,
anoxic or aerobic reaction depending on the kintgteztment applied.

3. Settle: Mixing and aeration are stopped andotbmass is allowed to separate from

the liquid, resulting in a clarified supernatant.

Draw: Supernatant or treated effluent is removed

Idle: This is the time between cycles. Idle sedi in a multitank system to adjust

cycle times between SBR reactors. Because Idleoisannecessary phase, it is

sometimes omitted. In addition, sludge wasting@agur during this phase.

ok

The conditions applied during the fill and reacapés must be adjusted according to the
treatment objectives (organic matter, nitrogen bopgphorus removal). As before
mentioned, during the fill phase the wastewateemsnthe reactor. The main effect of
the fill phase, however is to determine the hydcadharacteristics of the bioreactor.
The kind of fill strategy applied depends upon gety of factors, including the nature
of the facility and the treatment objectives.
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When focusing on the length of the fill phase bshlort and long fill phases are found.
If the fill short, the process will be charactedzby a high instantaneous process
loading factor, thereby making it analogous to aticmous system with a tanks in
series configuration. In that case, the biomas$ kel exposed initially to a high
concentration of organic matter and other wastewatestituents, but the concentration
will drop over time. Conversely, if the fill phase long, the instantaneous process
loading factor will be small and the system will benilar to a completely mixed
continuous flow system in its performance. This nsetiat the biomass will experience
only low and relatively constant concentrationshaf wastewater constituents. The long
fill can be applied during the whole operationaidibecoming a continuous fill phase.

The classical operation of SBR is executing a 8hileg event during a cycle, but more
than one filling event (two, three,...) mainly imtnent removal and getting, in some
cases, a continuous filling.

At the same time, three variations of the fill plh@an also be applied depending on the
strategy: static fill, mixed fill and aerated fillf the fill phase is static, influent
wastewater is added to the biomass already preageihe reactor. Static fill is
characterized by no mixing or aeration, meaning thare will be a high substrate
(food) concentration when mixing begins. Additidpalstatic fill conditions favour
organisms that produce internal storage productgglthigh substrate conditions, a
requirement for biological phosphorus removal.

If the fill phase is mixed, the influent is mixedtlwthe biomass, with then initiates
biological reactions. During mixed fill, bacteridgolmgically degrade the organics and
use residual oxygen or alternative electron acesptguch as nitrate. In this
environment, denitrification can occur under theamoxic conditions. In the
conventional biological nutrient removal (BNR) aetied sludge system, mixed fill is
comparable to the anoxic zone which is used intdéocation. Anaerobic conditions
can also be archived during the mixed fill phaséeAthe microorganisms use the
nitrate, sulphate becomes the electron acceptaerbic conditions are characterized
by the lack of oxygen and sulphate as the elecozeptor.

During the react phase, the biomass is allowedtw@on the wastewater constituents.
The biological reactions (the biomass growth arassate utilization), initiated in the

fill phase, are completed in the react phase, iithvenaerobic, anoxic or aerobic mix
phases are available. So the fill phase shoulthtweght of as a “fill plus react” phase

with react continuing after the fill has ended. &<ertain total react period will be

required to achieve the process objectives, iffith@eriod is short, the separate react
period will be long, whereas if the fill period lisng the separate react period will be
short to nonexistent. The two periods are usuglgcsied separately because of the
impact that each one has on the performance cfytstem.

During aerobic reaction phase, the aerobic reastioitialized during the aerobic fill
are completed and nitrification can be achievedthd# anoxic reaction is applied,
denitrification can be attained. And in the anaarobaction phase, phosphorus removal
can be achieved.
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All these facts reflect one of the main advantagéshe batch reactors, namely
flexibility. SBRs are especially preferred whenmerit removal is important, because
enrichment in nitrifiers and denitrifiers and phbspus removal bacteria may take in
the same vessel by simply changing the mixing aect®on conditions and time
schedules. Nevertheless, SBRs also present mamantades for processes envisaging
mainly carbonaceous load removal:

- The easily modifiable operation is adequate fodg&ubulking control. The cyclic
change of substrate concentration is known to kelection factor against certain
strains of filamentous bacteria. The operationeakiblility of an SBR allows the
control of filamentous bacteria through feast/faenoiycles.

- The operation conditions (alternating high/low dtdte concentrations) induce the
selection of robust bacteria. The sludge adaptatowariations in the oxygen and
substrate concentrations, in the course of a cgotk a long-term basis, renders it
capable of maintaining good performance under skasuds.

- The SBR system provides the flexibility neededréat a variable wastewater (load
and composition) by simply adjusting the cycle tithe duration of each phase or
the mixing/aeration pattern during each cycle.

- The ability to hold contaminants until they havebheompletely degraded makes the
system excellent for the treatment of hazardouspoumds.

- The concentration of biomass in the stream leatlgsystem can be kept low by
minimizing turbulence during the settle phase.

- The settle phase can be extended to increase dhidgening thus decreasing water
content in the wasted sludge.

- The capacity to adjust the energy input and thetitra of volume used according to
the influent loading can result in a reduction pertional costs. In addition, less
space is required as all operations occur in osaba

But, the SBR also has some disadvantages. Thedraivbacks of the SBR process are
outlined below:

A higher level of sophistication, (compared to cemtwonal systems), especially for

larger systems, of timing units and controls isuresg.

- Higher level of maintenance (compared to conveali®ystems) associated with
more sophisticated controls, automated switchesaatamated valves.

- Potential of discharging floating or settled sluaheing the draw or decant phases
with some SBR configurations.

- Potential plugging of aeration devices during del@operating cycles, depending on
the aeration system used by the manufacturer.

- Potential requirement for equalization after SBRpehding on the downstream

processes.

Need for sampling and analysis

By means of simple parameters measured on line asighfH and DO the evolution of
the process is known in real time. By analyzingséhparameter values it is possible to
identify the end of nitrification and denitrificat for the nitrogen removal.
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Operational strategy

At the beginning of the cycle there is a fillinggse which needs to be defined. Such
definition depends on the treatment objectivesthé objective is nitrogen removal
without an external carbon source addition, all tnganic matter available for the
filling phase would be used for denitrification pases. Then, the best fill strategy is to
feed under anoxic conditions. In this way, the arganatter present in the wastewater
is used to denitrify the residual nitrates of thevious phases or cycle.

Another important factor to consider is the ordéthe reaction conditions: aerobic-
anoxic or anoxic-aerobic. When both conditions @mbined sequentially, at the end
of the process some ammonia or nitrate could lstilfound in the effluent, depending
on the order of the conditions.

When using an aerobic-anoxic pair sequence anegtflwith residual ammonium can
be found at the end of the cycle. On the other hashen changed to an anoxic-aerobic
pair sequence, the residual nitrogen in the effluethbe in nitrate form.

In the case of choosing an aerobic-anoxic condstjoair, when aerobic conditions are
considered, the ammonium is nitrified to nitrategamwhile when there are anoxic
conditions nitrate is denitrified and ammonia caricaion increases due to addition of
feed. So, at the end of an aerobic-anoxic pairctoeacontents present a high
ammonium concentration. One of the consequencesnofonia discharge in treated
wastewater is that the nitrification could be coctéd into the receiving media,
concluding with a significant consumption of dissa oxygen that then would not be
available for other living organisms.

Nevertheless, if anoxic-aerobic conditions are ety the anoxic phase starts with a
high nitrate level, obtained from the previous &&ophase, that is then denitrified
because of the ammonia contents of the raw wastewAfterwards, under aerobic
conditions, the ammonium is nitrified and nitragefound in the final phase. When
discharging nitrates into the receiving media, nssalved oxygen consumption is
produced, but a rising problem is able to be olmkrbecause of the nitrate
denitrification during the settle phase prior tedfiarge. Both strategies have some
problems with the effects on the receiving mediameration process problems. As it is
easier to avoid operation process problems thagiviag media effects, it is preferable
to discharge oxidized nitrogen (i.e. Nitrate) ith@ receiving media than to discharge
ammonia. So, an anoxic-aerobic pair sequence (alwajng during the anoxic
conditions) is preferable to an aerobic-anoxic paguence for nitrogen removal.

In summary, the sequence to apply in a step-feedegly would be a filling under

anoxic conditions followed by an anoxic phase andireg with an aerobic phase to
complete a full anoxic-aerobic pair sequence. is Way, under anoxic conditions it is
possible to denitrify the nitrate obtained durihg fprevious cycle. Meanwhile, under
aerobic conditions the nitrification of accumulatedmonia during the previous anoxic
phase is able to be achieved.
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TERTIARY TREATMENT: STABILIZATION PONDS

Tertiary treatment provides a final stage to ralse effluent quality to the standard
required before it is discharged to the receivingi®mnment (sea, river, lake, ground,
etc.) More than one tertiary treatment process bwyised at any treatment plant. If
disinfection is practiced, it is always the finabpess.

In tertiary treatment, the concentrations of phaspé or nitrogen are reduced through
biological or chemical processes.

The main objective of the tertiary treatments is thmoval of dissolved nitrogen and
phosphorous compounds of the purification plantuefft, with the aim to limit their
eutrophying effect in the receiver water body.

Ponds designed to received wastes with no priatrtrent are often referred to as “raw
wastewater (sewage) lagoons” or “stabilization Erfffigures 13 and 14).

Ponds are sometimes used in series after a trickiliter plant, thus giving a form of
tertiary treatment. These are sometimes calledspinlg ponds”.

A great many variations in ponds are possible dudifferences in depth, operating
conditions and loadings. Current literature gemgralses three broad pond
classifications: Aerobic, anaerobic and facultafivigure 15).

Aerobic ponds are characterized by having dissolved oxydjstributed throughout
their contents practically all of the time. Theyuaby require an additional source of
oxygen to supplement the rather minimal amount ttemt be diffused from the
atmosphere at the water surface. The additionalcecnf oxygen may be supplied by
algae during daylight hours, by mechanical agitatb the surface, or by compressors
bubbling air through the pond.

Anaerobic ponds, as the name implies, usually are without disgolved oxygen
throughout their entire depth. Treatment depend$eaonentation of the sludge at the
pond bottom. This process can be quite odorousrweitain conditions, but it is highly
efficient in destroying organic wastes. Anaerobangs are mainly used processing
industrial wastes, although some domestic wastelpdrecome anaerobic when they
are badly overloaded.

Facultativeponds are the most common type in current useupper portion of these

ponds is aerobic, while the bottom layer is anaierdkigae supply most of the oxygen
to the supernatant. Facultative ponds are most @macause it is almost impossible
to maintain completely aerobic or anaerobic coodgiall the time at all depth of the
pond.

In aerobic ponds or in the aerobic layer of fadieaponds, organic matter contained in

the wastewater is first converted to carbon dioxidd ammonia and finally to algae in
the presence of sunlight.
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In anaerobic ponds or in the anaerobic layer ofilfative ponds, the organic matter is
first converted by a group of organisms called“éo@d producers” to carbon dioxide,
nitrogen and organic acids. In an established pahthe same time, a group called the
“methane fermenters” breaks down the acids andr giteducts of the first group to
form methane gas and alkalinity.

Figure 13. Typical plant: ponds only

Figure 14. Typical plant: ponds after secondargttreent
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Figure 15. Pond classification
The treatment efficiencies that can be expecteu fronds vary depending on:

- Physical factors:

Type of soll
Surface area
Depth

Wind action
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Sunlight
Temperature
Short-circuiting
Inflow variations

- Chemical factors:

Organic material

pH

Solids

Concentration and nature of waste

- Biological factors:

Type of bacteria

Type and quantity of algae
Activity of organisms
Nutrient deficiencies

Toxic concentrations

Start-up procedures

One of the most critical periods of a pond’s lifethe time that it is first placed in
operation.

A good practice is to start ponds during the warpaat of the year because a shallow
starting depth allows the contents of the pondstd too rapidly if night is cold.

Wastes should be discharged to the pond interriitedaring the first few weeks with
constant monitoring of the pH. The pH in the pohdwdd be kept above 7,5 if possible.
Initially the pH of the bottom sludge will be beloivdue to the digestion of the sludge
by acid-producing bacteria. If the pH starts topdrdischarge to the pond should be
diverted to another pond or diluted with makeupewdt another pond is not available
until the pH recovers. A high pH is essential taca@mage a balanced anaerobic
fermentation of bottom sludge. A continuing low jlicates acid production which
will cause odors.

Daily operation and maintenance

- Scum control:
Scum accumulation is a common characteristic odpand is usually greatest in the
spring when the water warms and vigorous biologmetivity resumes. If scum is
allowed to accumulate, it can reach proportionsrevfitecuts off a significant amount of
sunlight from the pond. When this happens the prtdo of oxygen by algae is
reduced and odor problems can result.

- Odor control:
Eventually, odors probably will come from a wastevdreatment plant no matter what
kind of process is used. If a pond is overloadea ading and divert influent to other
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ponds, if available, until the odor problem stopsen gradually start loading the pond
again.

There are several suggested ways to reduce odorppnds. These ways include
recirculation from aerobic units, the use of flogtaerators and heavy chlorination.

A different odor control strategy will be neededhé ponds have already frozen over in
the winter but are expected to develop odor problernen the ice thaws in the spring
and the water in the pond turns over. In this $ibma some operators spread sodium
nitrate on the ice surface before thaw so thatctiemical will be available to supply

oxygen when needed.

- Weed and insect control:
Weed control is an essential part of good housekgegnd is not a formidable task
with modern herbicides and soil sterilants. Contmelsures include:

Emergent weeds:
Keep the water level above three feet.
Pull out new (first year) growth by hand.
Drown the weeds by raising the water level.
Lower the water level, cut the weeds or burn theith \& gas
burner and raise the water level.
Use herbicides as a last resort.
Install a pond liner.

Suspended vegetation:
Keep the pond exposed to a clean sweep of the wind.
A few ducks may be used to eat light growth of due&d.
Small ponds may be skimmed with rakes or boardss Tay
have to be repeated.
Excessive growth can be mechanically harvested.
Use herbicides as a last resort.

Dike vegetation:
Mow regularly during the growing season. Dike skopeay be
cut using sickle bars or weed eater equipment.
Seed or reseed slopes with desirable grasses ith&irm a thick
and somewhat impenetrable mat.
Use herbicides as a last resort.

The operator should write in the pocket notebook wamusual observations and transfer
these notes to the plant record sheet (typicaltsbsbown in Figure 16).
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Figure 16. Typical plant record sheet for stabilaaponds record-keeping
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Need for sampling and analysis

Probably the most important sampling that can lmemplished easily by any operator
is routine pH and dissolved oxygen analysis. A gpiattice is to take pH, temperature
and dissolved oxygen tests several times a weekoandsionally during the night.
Usually the pH and dissolved oxygen will be lowgstt at sunrise. Both will get
progressively higher as the day goes on, reaclHieg highest level in late afternoon.
Each pond should be given routine pH and dissobxggen tests.

A deep green sparkling color generally indicatésigh pH and satisfactory dissolved
oxygen content. A dull green color or lack of comerally indicates a declining pH
and a lowered dissolved oxygen content. A gray rcotdicates the pond is being
overloaded or not working properly.

The frequency of testing and expected ranges ofréssilts vary considerably from
pond to pond, but you should establish those ramggsn which your pond functions
properly. Test results will also vary during theur®of the day. Table 7 summarizes the
typical tests, localization and frequency of samgli

Table 7. Laboratory analysis for ponds

Test Frequency Location Common range
1. pH Weekly Pond 7,5+
2. Dissolved Oxygen  Weekly Pond 4-12 mg/L
(DO Effluent 4-12 mg/L
3. Temperature Weekly Pond
4. BODF Weekly Influent 100-300 mg/L
Effluent 20-50 mg/L
5. Coliform Group Weekly Effluent MPN > 24.000/100 mL
Bacteria (Unchlorinate)
6. Chlorine residual Daily Effluent 0,5-2 mg/L
7. Suspended Solitls ~ Weekly Influent 100-350 mg/L
Effluent 40-80 mg/L
8. Dissolved Solids Weekly Influent 250-800 mg/L
% Tests may be less frequent for ponds with longrdiete times (greater than 100
days).

® pH values above 9 and DO levels over 15 mg/L ateincommon.

¢ Contact your regulatory agency to determine whetffluent samples should be
filtered to remove algae before testing. If the pla® must be filtered, the agency will
recommend the proper procedures.

4 Effluent suspended solids consist of algae, migaoisms and other suspended
matter.

Tests of pH, DO and temperature are important atdis of condition of the pond,
whereas BOD, coliform and solids tests measurestfigiency of the pond in treating
wastes.

Operational strategy

In order to prevent ponds from developing odorgischarging an effluent in violation
of legislative requirements, develop a plan to kifepponds operating as intended.
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1. Maintain constant water elevations in the ponds.

If the discharge of a pond into receiving wateraliswed, keep a constant water level
to help maintain constant loadings. When the waiieiace elevation starts to drop, look
for the following possible causes:

- Discharge valve open too far or a STOP LOG is mgssi

- Leeves leaking due to animal burrows, cracks,sstlement or erosion.

- Inlet lines plugged or restricted and causing waater to back up into the collection
system.

When the water surface starts to rise, look for:

- Discharge valve closed or lines plugged.
- Sources of infiltration.

Under some conditions you may not want to maintanstant water levels in your
ponds. For example, you may allow the water surfadkictuate to:

- Control shoreline aquatic vegetation.

- Control mosquito breeding and burrowing rodents.

- Handle fluctuating inflows.

- Regulate discharge (continuous, intermittent osgeal).

2. Distribute inflow equally to ponds.

All ponds designed to receive the flow should reeg¢he same hydraulic and organic
(BOD) loadings.

3. Keep pond levees or dikes in good condition.

Proper maintenance of pond levees can be a timagactivity. Regularly inspect
levees for leaks and erosion and correct any pnableefore they become serious. If
erosion is a problem at the waterline, installajprDo not allow weeds to grow along
the waterline and keep weeds on the levee mowandséftt larvae are observed on the
pond surface, spray with an appropriate insectibifere problems develop.

4. Observe and test pond condition.

Daily visual observations can reveal if a pondréating the wastewater properly. The
pond should be a deep green color indicating atlneallgae population. Scum and
floating weeds should be removed to allow sunlighieach the algae in the pond.

Once or twice a week, tests should be conductatetermine pond dissolved oxygen
level, pH and temperature. Effluent dissolved oxyghould be measured at this time
also. Other effluent tests should be conductedeast! weekly and include BOD,
suspended solids, dissolved solids, coliform grtvapteria and chlorine residual. If
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ponds are operated on a batch or controlled digehhasis, these effluent tests will
have to be determined only during periods of disgpha

During warm summer months algae populations tendetdnigh and may cause high

suspended solids concentration in the effluentadwantage of ponds in arid regions is
that this is also a period of high evaporationgaténder these conditions effluent flows

may drop to almost zero or may be stopped. In dHeahd winter when the weather is

cool and sunlight is reduced, the algae populatioponds and thus the suspended
solids are reduced. This situation could allow pond meet effluent requirements

during this period.

If tests results reveal that certain water qualliyicators (such as DO, BOD, pH or
suspended solids) are tending to move in the wrbregtion, try to identify the cause

and take corrective action. Remember that pondsaab#ological process and that
changes resulting from corrective action may nauocintil a week or so after changes
were made.

Abnormal conditions

Abnormal operation occurs when ponds are overlodgéeduse the BOD loads are too
high. Excessive BOD levels can occur when inflleatls exceed design capacity due
to population increases, industrial growth or irtdak dumps. Under these conditions
new facilities must be constructed or the BOD lagdinust be reduced at the source.
Repeated wide fluctuations in BOD loads over shione periods will also interfere
with pond performance and create a nearly constatd of abnormal operation.

Another type of overloading can occur when too mtiotv is diverted to one pond.
This can happen when an operator accidentally feadspond more than the other or
when a pipe opening is blocked by rags, solidsrirdyie to low pipe velocities and
thus too much flow is diverted to another pond. Whwas happens and the overloaded
pond starts producing odors, take the pond outnfice and divert flows to the other
ponds until the overloaded pond recovers. Hopeftlly ponds in service will not
become overloaded. Also be sure to remove any agj&ls or grit that caused the
overloading and inspect the other pipes to pretreatproblem from happening again in
the other ponds.

Usually ponds do not become overloaded during stoamd periods of high runoff
because there is not a significant increase BB loading on the ponds.

Large amounts of brown or black scum on the surédce pond are an indication that
the pond is overloaded. Scum on the surface ofral dten leads to odor problems.
The best way to control scum is to take correctietion as soon as possible.

During winter conditions the pond can become caVvevéh ice and snow. Sunlight is
no longer available to the algae and oxygen caentgr the water from the atmosphere.
Without dissolved oxygen available for aerobic deposition, anaerobic
decomposition of the solids occurs.
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Anaerobic decomposition takes place slowly becanfs¢he low temperatures. By
keeping the pond surface at a high level, a lomg¢ention time will be obtained and
heat losses will be minimized. During the periodaaf cover, odorous gases formed by
anaerobic decomposition accumulate under the icé are dissolved into the
wastewater being treated.

Some odors may be observed in the spring just #iféeice cover breaks up because the
pond is still in an anaerobic state and some dfettkssolved gases are being released.
Melting of ice in the spring provides dilution watgith a high oxygen content, thus the
ponds usually become facultative in a few daysr dfteakup of the ice if they are not
organically (BOD) overloaded.

Troubleshooting

The tables in the next pages list indicators ofsgme process or component failure in
stabilization ponds, the probable cause of faiemd how to remedy and prevent the
failure.
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Table 8. Troubleshooting guide-Stabilization

ponds

INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR

SOLUTION

1. Poor quality effluent  Mixing/agitation Monitor surface aerators].
equipment failure rotors or aeration
equipment and DO of 2.
pond water. 3.
4.
Organic overload Monitor influent 1.
laboratory data: BOD,
SS, DO, pH, 2.
temperature

Excessive turbidity from Floating mats of scum orl.
scum mats sludge on surface and
corners of pond

Blockage of light by Visual inspection for 1.
excessive plant growth weed growth in and near2.

(tules, reeds and/or ponds
grasses) near dikes
Low temperature Monitor air and pond 1.
water temperature
2.
3.

Toxic material in influentColor change, low DO, 1.
low pH for no apparent

reason 2.

3.

4.

Restart out of service mixing
aeration units

Increase operating time
Increase recycle flow from
effluent to influent

Provide additional mixing
(small boat and outboard motor
for one hour for every two
hours of daylight or at least
three times a day)

Increase or start recirculation
effluent to influent

Mix pond contents hourly by
surface aerators or outboard
motor on small boat at least
three times per day

Increase run cycle on surface
aeration equipment to maintain
at least 1.0 mg/L DO

Add chemicals to help reduce
pond load by prechlorination
for BOD reduction, add sodiu
nitrate or hydrogen peroxide
oxygen input

Break up scum mats

- Water sprays

- Poles or rakes

- Mixing equipment

- Outboard motor

Check pond influent for excess
grease or scum

If seasonal temperature change,
rising sludge from pond may
have to be broken up daily by
mixing methods in item 1 above
Remove plant growth
Schedule regular herbicide
applications to levees and dikes
as a last resort

Freezing weather, raise pond
levels to increase water depth
Reduce recirculation rates

If possible, operate ponds in
series

Sample and try to identify tox
material

Increase s recirculation from
effluent to influent

Increase surface aeration or
pond mixing times

Implement new or enforce
existing sewer use ordinances

Loss of pond volume  Sludge depth Remove sludge

caused by sludge
accumulation
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INDICATOR/OBSERVATION PROBABLE CAUSE CHECK OR MONITOR SOLUTION
2. Low dissolved oxygenLow algal growth Visual inspection, pond1. Recirculate last pond effluent
in ponds not green, low DO during inlet of first pond

daylight hours, none frol@. Same as 1 (Organic overload)
sunup until noon. Odor
Excessive Pond surface conditions 1. Break up and sink rescgd
scum accumulation scum
2. Skim off greasedlls and scun
Dispose of in landfill.

3. Odors Anaerobic conditions orMonitor pond loading, 1. Limit organic load by diverting
spring and fall turnovers BOD, SS, pH, DO and influent flows to several ponds
temperature 2. Same as 1 (Organic overload)
Hydrogen sulfide in pondvonitor total dissolved 1. Check collection system
influent H,S 2. Pretreat with chlorine or
preaeration

3. Aerate plant influent in small
pond at least 30minutes before
applying to other ponds

4. Inability to maintain Leakage 1. Seepage around dikkes Apply bentonite clay to the
sufficient liquid 2. Sampling wells pond water to seal leakage
located on the outsid@. If sampling well analysis
perimeter of the pond indicates contamination, the
lagoon /pond site may require

lining
Excessive evaporation oDetention time in pond Divert land drainage or stream
percolation is probably too long flow into pond
5. Insect generation Layers of scum and Visual inspection. 1. Weed and scum removal
excessive plant growth itMosquitoes 2. Application of approved
sheltered portions of the insecticides or larvacide
pond
Shallow pools of standinyisual inspection. Cut vegetation outside pond and
water outside pond fill in potholes that collet standing
water nearby
6. Levee erosion Windy conditions Visual inspettio 1. Riprap levee
2. Construct a wind barrier arou
pond
Excessive surface aeratdverator operating time  Reduce aerator operating tfm
operating time DO levels allow
7. Excessive weeds andPond too shallow Visual inspection for Deepen all pond areas to at least 3
tule growth weeds in the area feet
Inadequate maintenanceMaintenance program 1. Correct program deficiency
program to control 2. Install pond lining
vegetation 3. Herbicide program as a last
resort
Poor circulation Visual inspection of  Fluctuate pond level
flow characteristics
8. Animals burrowing  Burrowing animals Visual inspection. 1. Alter pond level several tane
into the dikes (gophers, squirrels, in rapid succession
crayfish) 2. Remove animals as soon as
possible
3. Provide riprap with semiporous
sheet on levee slopes
9. Groundwater Leakage through bottomSeepage around pond Apply bentonite clay to pond wat
contamination and/or sides of pond  dikes to seal leak
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TERTIARY TREATMENT: BIOLOGICAL NITRIFICATION

Nitrification is a microbial process by which re@dcnitrogen compounds (primarily
ammonia) are sequentially oxidized to nitrite anttate. Ammonia is present in
drinking water through either naturally-occurringogesses or through ammonia
addition during secondary disinfection to form c¢hlmines. The nitrification process is
primarily accomplished by two groups of autotrophitrifying bacteria that can build
organic molecules using energy obtained from inmigaources, in this case ammonia
or nitrite.

In the first step of nitrification, ammonia-oxidigj bacteria oxidize ammonia to nitrite
according to equation:

NHz+ O2® NO, + 3H" + 2€
Nitrosomonass the most frequently identified genus associatitd this step.

In the second step of the process, nitrite-oxidjzbacteria oxidize nitrite to nitrate
according to equation.

NO, + H0® NOs + 2H" +2¢
Nitrobacteris the most frequently identified genus associatil this second step.

Need for sampling and analysis

Both groups of nitrifying bacteria are obligate @®c organisms commonly found in
terrestrial and aquatic environments. Their grosaties are controlled by:

- Substrate (ammonia-N) concentration
- Temperature

- pH

- Light

- Oxygen concentration

- Microbial community composition

Bulk water pH value is an important factor in rit@tion activity for two reasons. First,
a reduction of total alkalinity may accompany fication because a significant amount
of bicarbonate is consumed in the conversion of amanto nitrite. Secondly, nitrifying
bacteria are very sensitive to pHNitrosomonashas an optimal pH between
approximately 7.0 and 8.0, and the optimum pH rdogé&litrobacteris approximately
7.510 8.0.

Operational strategy

Nitrifying bacteria are slow growing organisms, anirification problems usually
occur in large reservoirs or low-flow sections bé tdistribution system. Operational
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practices that ensure short residence time andlatroen within the distribution system
can minimize nitrification problems. Low circulaticareas of the distribution system
such as dead-ends and reservoirs are prime areastrification occurrence since
detention time and sediment buildup can be muclatgrehan in other parts of the
system.

Water temperature has a strong effect on the groatdh of nitrifying bacteria. Most
strains of nitrifiers grow optimally at temperatsirdetween 25° and 30°C but
nitrification has occurred over a wide range of penatures (8°-26°C).
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TERTIARY TREATMENT: BIOLOGICAL DENITRIFICATION

The biological reduction of nitrate oxide, nitroogide and nitrogen gas is termed
denitrification or dissimilating nitrate reductioBiological denitrification is coupled to
the respiratory electron transport chain and mtrabhd nitrite are used as electron
acceptor for the oxidation of a variety of orgaoirdnorganic electron donors.

A wide range of bacteria has been shown as capzbtenitrification, but similar
microbial capability has also been found in algaefungi. Bacteria capable of
denitrification are both heterotrophic and autolriop Most of these heterotrophic
bacteria are facultative aerobic organisms with dbéity to use oxygen as well as
nitrate or nitrite and some can also carry out fartation in the absence of nitrate or
oxygen.

Biological denitrification involves the biologicalxidation of many organic substrates
in wastewater treatment using nitrate or nitritetlas electron acceptor instead of
oxygen. In the absence of DO or under limited D@Qcemtrations, the nitrate reductase
enzyme in the electron transport respiratory chainnduced and helps to transfer
hydrogen and electrons to the nitrate as the tedmefectron acceptor. The nitrate
reduction reactions involve the different reductgiaps from nitrate to nitrite, to nitric

oxide, to nitrous oxide and to nitrogen gas.

NO3; ® NO, ® NO®N 0 ® N>

The electron donor as an organic substrate isrmxdahrough: the easily biodegradable
COD in the influent wastewater or produced duringagenous decay or an exogenous
source such methanol or acetate. Different electtonors give different reaction
stoichiometries as observed below.

In all the above heterotrophic denitrification reas, one equivalent of alkalinity is
produced per equivalent of N-NOreduced, which equates to 3,579 of alkalinity (as
CaCQ) production per g of nitrate nitrogen reduced. &®-half of amount destroyed
by nitrification can be recovered.
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TERTIARY TREATMENT: COAGULATION/FLOCCULATION

Coagulation and flocculation of microorganisms i$ practical importance in
wastewater treatment because flocculated organseselatively easy to collect from
the various streams in a wastewater treatment .pl@memical coagulation of
biologically treated waste waters is most often thi#ial step in water renovation
systems. Coagulants used today generally consisalwh, lime or a synthetic
polyelectrolyte. Separation of the floc is accomsipiid by flotation or sedimentation.

Coagulation of wastewater may be accomplished \aitly of the common water

coagulants including lime, iron and aluminum sats] synthetic polymers. The choice
Is based on suitability for a particular waste,ilaality and cost of the coagulant, and
sludge treatment and disposal considerations. ¥&@mple, iron is sometimes available
at no cost as a waste product in the form of packliquor, and its presence in sludge
presents no particular problems for anaerobic tigesLime generally provides good

clarification, a rapidly settling sludge, and pesnthe use of a simple method of
recovery that also insures destruction of most gevealids in the resulting sludge.

An important aspect of wastewater purification aridrification is the removal of
suspended colloidal material and as much of thete®las possible. To remove
colloidal material, a floc forming chemical is need Most floc forming chemicals are
tied up with peripheral chemicals which cause #gmuiting effluent to have a greater
total dissolved solids (TDS) content. If this waieibeing reused, the high TDS levels
contribute to a high final water usage cost.

Perhaps the floc chemical could be put into thetamamated water in its ionic form,

without adding the peripheral chemicals. This stidoé ideal, because the colloidal
contaminants and soluble contaminants that wowldtreith the floc chemical could be
removed. The results would be a clarified watetwat reduced TDS. Considerable
research has been undertaken to evaluate method#ibly these objectives could be
obtained. One possible approach is treatment threlgrtrochemistry.

The stability of solids and suspensions can bepreéed by the same laws that apply to
colloidal solutions. The aggregation of colloidkmown as coagulation or flocculation.
In the past, these two terms were used interchahgelut now there is a trend to
distinguish between aggregation due to simple {@oagulation) and aggregation due
to polymers (flocculation).

The rate of flocculation is determined by the @dtih frequency induced by the relative
motion.

The effluent is admitted into a flash mix chambghere coagulant is introduced to
destabilize the suspended solids (coagulation). @begulated water then transits
through an injection chamber, where polymer andres@nd are added. The floc is
fixed to the microsand with the polymer in the mation chamber, where it acquires
weight and volume. Finally, the flocculated watesges through the lamellar clarifier,
where the ballasted floc settles and clarified waterflows.
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Need for sampling and analysis

The Jar Test is a laboratory technique for detengithe most effective coagulant,
chemical dose and operating pH for coagulation fmctulation, aluminum or iron
salts may be used to coagulate particles and to &amttleable flocs composed of the
hydrous metal oxide precipitates and impurities.

Coagulation and flocculation experiments may alsaubed, in conjunction with other
tests, to study basic processes including for exantpe kinetics of reaction and the
removal of trace constituents from aqueous solution

To conduct Jar Test on a natural surface waterderdo estimate an optimum dosage
of aluminum sulfate or ferric sulfate for the remabwf suspended matter or color. To
observe the rate of floc formation and sedimentatio

Operational strategy

The following list outlines items that the operatoust consider in the day to day
operation of the treatment plant:

Coagulation:

1. Assess coagulant addition practices (for optinparticle removal), consider the
following:
- Are procedures/practices in place for determinopgimum chemical dosage
(i.e., consider jar testing procedures, streamurgeat detectors and zeta potential
meters as operational tools)?
- Do optimum coagulant conditions (proper pH, adegalkalinity level) exist for
coagulant used? If not, are chemical storage aed $ystem available to make
adjustments?
2. Evaluate use of coagulant aid for enhancednrexatt capability.
3. Consider use of alternate coagulants and ewatuedtment effectiveness for particle
removal.
4. Maintain proper coagulant control proceduressater the following:
- Establish and maintain well organized records pbént operations and
performance under the varying raw water conditiemsountered.
- Routine monitoring of settled water turbidity ferocess control purposes.
- Installation and use of coagulant control devisesh as a pilot filter, streaming
current detector or zeta potential monitoring.

Flocculation:

1. Evaluate flocculation basins for optimum flow achcteristics, consider the
following:
- Do inlet conditions provide good flow distributido multiple basins and within
individual basins themselves?
- Are basins baffled or could they be baffled tgmwve flow distribution at inlet,
exit and between stages?
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2. Assess basin detention time for adequate readime (20 to 40 minutes at
maximum flow rate is typically desirable), considee of tracer study to evaluate.

3. Evaluate flocculation equipment, consider tHe¥ang :
- Assess operating characteristic of existing fldgton equipment and establish
level of mixing that can be provided at the randeoperating temperatures
encountered.
- Is flocculation equipment designed for tapereacdllation and operated as
such?
- Are there provisions for adjustment of floccidat equipment speed to vary
mixing intensity?

In facilities presently using inorganic coagulatdssatisfy a high cationic demand, it
may not be economically possible to replace thegaaic with a polymeric coagulant.
However, partial replacement of the inorganic wathymer may be beneficial in terms
of chemical handling ease and lower solids produactlotal replacement of inorganic
coagulants with polymer material is becoming complace with the continuing

development of coagulants with higher charge dgnsit

Where to use polymers:

1. Raw water treatment:
Advantages of polymer use in raw water:
- Produce no additional solids, reduce waste slwvogeme.
- Do not add significant amounts of dissolved ionswater. Can increase
duration demineralizer runs.
- Can increase clarifier throughput by producingéa, faster settling floc.
- Work over a wide pH range without altering systeirh often eliminating need
for chemicals to adjust pH.
2. Process water treatment:
Use of polymers in process water treatment :
- Removal of unwanted material from a liquid streaomtaining a soluble
desired product.
- Recovery of a solid product from a liquid stream.
- Recovery of water for reuse.
3. Wastewater treatment:
Advantages of polymers in wastewater treatment:
- Solids removal to meet effluent guidelines.
- Produce no additional solids, reduce waste slwogieane.
- Can increase clarifier throughput by producingéa, faster settling floc.
- Can result in reuse quality water.
- Work over wide pH range without alterning systehh often eliminating need
for chemicals to adjust pH.
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DISINFECTION

The purpose of disinfection is to destroy pathogenicroorganisms and thus prevent
the spread of waterborne diseases.

Wastewater treatment processes usually remove sahethe pathogenic
microorganisms through the following processes:

- Physical removal through sedimentation and filtnati

- Natural die away or die off of microorganisms iardavorable environment.

- Destruction by chemicals introduced for treatmamppses.

Two terms you should understand are disinfecticoh &terilization. Disinfection is the
destruction of all pathogenic microorganisms, whtlerilization is the destruction of all
microorganisms.

The main objective of disinfection is to preverd 8pread of disease by protecting:
- Public water supplies.

- Receiving waters used for recreational purposes.

- Shellfish growing areas.

One of the main uses of chlorine in wastewatetrneat is for disinfection. Chlorine is
relatively easy to obtain and cheap to manufactiren at relatively low dosages,
chlorine is extremely effective. Chlorine is apgli®® wastewater aypochloriteion
(OCI), it acts as a potent oxidizing agent.

Chlorination

When hypochlorite compounds are used in wastewttey, are usually in the form of
sodium hypochlorite (NaOCI). Calcium hypochloritga(OCl}) normally is not used
because of its cost, calcium sludge forming charetics and explosive nature.

The use of hypochlorite in wastewater follows actea similar to that of chlorine gas:
2 NaOCl+2HO 2 NaOH + HOCI + OCH+ H*

The difference between chlorine gas and hypocklocdmpounds is in the side
reactions formed. The reaction of chlorine gas s$etaddecrease the pH, which favors
the HOCI (hypochlorous acid) formation, while thgpbchlorite increases the pH with
the formation of hydroxyl ions (OMHby the formation of sodium hydroxide. At a high
pH of around 10, the hypochlorous acid (HOCI) diszies:

HOCI H'+OCI

This pH condition lasts only a brief time at thentaxt of the hypochlorite solution and
the wastewater to be treated. Since the hypocalant (OCI) is a relatively ineffective
disinfectant, the sodium hypochlorite solution ddobe as dilute as possible. This
extremely important in wastewater disinfection.
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Hypochlorination will raise the pH of the wastewdbeing treated. The rise in pH will
decrease the effectiveness of the hypochloritegbhyerequiring a higher dosage. This,
in turn, will increase the pH even more.

Critical factors influencing disinfection are sunmmad as follows:

1. Injection point and method of mixing to get dfectant in contact with wastewater
being disinfected.

2. Design (shape) of contact chambers: contact baesrare designed in various sizes
and shapes; rectangular contact chambers oftenw alibort circuiting and
consequently reduced contact times; baffles oftenistalled to increase mixing
action, to obtain better distribution of disinfattaand to reduce short circuiting
which in turn increases contact time; pipelinesehg@voved to be good contact
chambers.

3. Contact time: with good initial mixing, the lomgthe contact time, the better the
disinfection.

4. Effectiveness of upstream treatment processeslower the suspended solids and

dissolved organic content of the wastewater, thieebthe disinfection.

Temperature: the higher the temperature, the magid the rate of disinfection.

. Dose rate and type of chemical: normally thenbigthe dose rate, the quicker the

disinfection rate. The form or type of chemicalaailsfluences the disinfection rate.

pH: the lower the pH, the better the disinfattio

. Numbers and types of organisms: the greaterotiyjanisms” concentrations, the

longer the time required for disinfection. Bactes@ls are killed quickly and easily,
but bacterial spores are extremely resistant.

o o
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Advantages:

- Hypochlorite compounds are non flammable.

- Hypochlorite does not present the same hazardaseogs chlorine and therefore is
safer to handle; spills may be cleaned up withdargilumes of water.

- Floating chlorinators can be adapted to small conitypusystems or individual
rainwater collector systems. They easy to const@uadtto transport. However, they
cannot easily guarantee uniform residual chlormecentrations.

Daily operation and maintenance

Maintenance:

Hypochlorinators are chlorine pumps or devices usefited chlorine solutions made
from hypochlorites such as bleach (sodium hypodielpror calcium hypochlorite.
Hypochlorite compounds are available as liquidssamious forms of solids (powder,
pellets), and in a variety of containers or in budlypochlorination system consists of a
water meter and a diaphragm metering pump. The peegs a hypochlorite solution
in proportion to the wastewater.
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Calcium hypochlorite should be stored in a cooly ttscation, away from other
chemicals, in corrosion resistant containers. Gpesashould perform the following
maintenance tasks:

1. Reading and recording the level of the solutak at the same time every day.

2. Reading the product water flow meters and rengrthe amount of water pumped.

3. Checking the chlorine residual levels in theteysand adjusting the chlorine feed
rate as necessary, in order to maintain a chlamselual level of 0,2 mg/l at the
most remote point in the distribution system (thggested free chlorine residual for
treated water or well water is 0,5 mg/l at the pahchlorine application, provided
that the 0,2 mg/l concentration is maintained thrmut the distribution system).
The chlorine feed rate of a floating chlorinatorsnbe adjusted daily to increase or
decrease the dosage in conformity with the watgoudwf the treatment plant.

4. Checking and adjusting the chemical feed pumgrain; most hypochlorinators
have a dial indicating the chlorine feed rate, vaittange from 0 to 10, the pointer of
which should initially be set to approximately 6 Qrwhen using a 2% hypochlorite
solution. The pump should be operated in the upgeges of the dial to ensure that
the strokes or pulses from the pump are frequemtigim so that the chlorine will be
fed continuously into the water being treated.

5. Replacing the chemicals and washing the cherstoahge tank as necessary so that
a 15 to 30 day supply of chlorine is on hand to infeture needs; hypochlorite
solutions, however, should be prepared only in ttes needed for two to three
days of operation, in order to preserve their pogen

. Checking the operation of the check valve.

. Inspecting and cleaning the feeder valves. Comiale sodium hypochlorite
solutions contain an excess of caustic soda (sotdijdroxide, NaOH); when diluted
with highly alkaline water, they produce a solutitmt is supersaturated with
calcium carbonate, which tends to form a coatingtlom valves in the solution
feeder. Similarly, in systems using calcium hypodi#, when sodium fluoride is
injected at the same point as the hypochloritetgmitthe calcium and fluoride ions
combine and form a coating. The coated valvesmatlseat properly and the feeder
will fail to chlorinate the product water properffmall hypochlorinators are sealed
so that they can not be repaired without repladireg entire unit. Otherwise, they
require very little maintenance, mostly consistiofya periodic oil change and
lubrication).

~N o

Frequent visits are required to the chlorinatiomf®oin the distribution system to make
adjustments, to clear PVC tubing of sludge fornratimat stops tablets from dissolving
and to recharge tablets.

Operational strategy

The operator should strive to keep the chlorinatgystem well maintained and
operational. There will be occasions when piecesgqoipment will be out of service for
maintenance and repair. These activities shoulddbeduled during the times of the
year when demands on the chlorination system awe $och as the winter months.
Plants may be required to provide chlorination/d@whation services for:
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1. Disinfection: Postchlorination of effluent.

2. Process Control: Activated sludge, RBCs andtling filter treatment processes.

3. Odor Control: Usually seasonal during the warmenths from May through
October.

4. Dechlorination: Usually seasonal during Julyptigh November.

Under these circumstances, maintenance of chlamatfacilities requiring
disassembly, cleaning, repairing and reassemblvayld be done during the winter
months of November through April. If a chlorinationit fails, there will be the plant
effluent. Even, if all system fails, the operatar still expected to meet discharge
disinfection requirements.

Ultraviolet (UV) systems

When ultraviolet radiation is absorbed by the cefisnicroorganisms, it damages the
genetic material in such a way that the organisnes e longer able to grow or
reproduce, thus ultimately killing them. This alyilof UV radiation to disinfect water
has been understood for almost a century, but téabical difficulties and high energy
costs prevented widespread use of UV systems $&imfdctions. Today, however, with
growing concern about the safety aspects of hapditorine and the possible health
effects of chlorination by products, UV disinfectiois gaining in popularity.
Technological advances are being made and severalifacturers now produce UV
disinfection systems for water and wastewater appbns. As operating experience
with installed systems increases, UV disinfecticayrbecome a practical alternative to
the use of chlorination at wastewater treatmenttpla

The usual source of the UV radiation for disinfestisystems is from low pressure
mercury vapor UV lamps that have been made intdinamhp assemblies.

Daily operation and maintenance

Maintenance:

A UV is capable of continuous use if the simple m@mance routine is performed at
regular intervals. By checking the following itemsgularly, the operator of a UV
system can determine when maintenance is needed.

1. Check UV monitor for significant reduction imi@ output.

2. Monitor process for major changes in normal floanditions such as incoming
water quality.

3. Check for fouling of quartz sleeves and UV isignmonitor probes.

4. Check indicator ligh display to ensure thabélihe UV lamps are energized.

5. Monitor elapsed time meter, microbiological lesand lamp log sheet to determine
when UV lamps require replacement.

6. Check quartz sleeves for discoloration. Thigafiof UV radiation on the quartz is
called solarization. Excessive solarization isragidation that a sleeve is close to the
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end of its useful service life. Solarization reduidbe ability of the sleeves to
transmit the necessary amount of UV radiation éopfocess.

Maintenance on UV systems requires two tasks:nolgathe quartz sleeves and
changing the lamps.

Algae and other attached biological growths maynfon the walls and floor of the UV
channel. This slime can slough off, potentiallydering the disinfection process. If this
condition occurs, the UV channel should be dewdteard hosed out to remove
accumulated algae and slimes.

Operational strategy

The operation of ultraviolet disinfection systenguies very little operator attention.
To prevent short circuiting and ensure that all roocganisms receive sufficient
exposure to the UV radiation, the water level abherlamps must be maintained at the
appropriate level. Water levels in channels carcdetrolled by weirs or automatic
control gates.

Lamp output declines with use so the operator matitor the output intensity and
replace lamps that no longer meet design standasdgell as any lamps that simply
burn out. Lamp intensity monitors can be instatieéssist the operator in monitoring
the level of light output. Lamp failure indicatocennected to the main UV control
panel will alert the operator when a lamp burns antl requires replacement. In
addition, computerized systems are available toitooand record the age (burn time)
of each lamp.

Care must be taken not to exceed the maximum dedsidndity levels and flow
velocities when using this type of equipment. Suosee particles will shield
microorganisms from the UV light and thus protdetrh from its destructive effects.
Flow should be somewhat turbulent to ensure com@eposure of all organisms to the
UV light, but flow velocity must be controlled sbat the wastewater is exposed to UV
radiation long enough for the desired level ofdsttion to occur.

Since ultraviolet rays leave no chemical residika thlorine does, bacteriological tests
must be made frequently to ensure that adequaitgfedison is being achieved by the
ultraviolet system. In addition, the lack of resatldisinfectant means that no protection
is provided against recontamination after the @@atvater has left the disinfection
facility. When the treated water is exposed tohkesiight, the microorganisms can be
reactivated. Microorganisms that have not beenedilhave the ability to heal

themselves when exposed to sunlight. The solutiothis problem is to design UV

systems with a high efficiency for killing microagisms.
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