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CAS Conventional Activated Sludge
COD Chemical Oxygen Demand
DO DissolvedOxygen

HRT HydraulicRetention Time
MBR Membrane Bioreactors
MBBR Moving Bediofilm Reactors
MC MunicipalCommittee

O&M Operation andMaintenance
SBR Sequencing Batch Reactors
TDS Total Dissolved Oxygen

TN Total Nitrogen

TP Total Phosphorus

TSS Total Suspended Solids
WSP Waste &bilizationPond
WWTP Waste WaterTreatment Plant




1. INTRODUCTION TO WASTE WATER TREATMENT PLANT

1.1.Overview of Wastewater Treatment

Wastewater isessentially the water supply of the community after it has been used in a variety of
applications and which now contains constituents that render it unsuitable for most uses without treatment.
When untreated wastewateaccumulatesand is allowed to go septic. the decongimn of the organic
mailer it contains will lead to nuisance conditions including the production of malodoroas.dgasddition
untreated wastewater catainsnumerous pathogenic micreorganizamsthat dwell in the human intestinal
tract. Wastewater also contains nutrients, which can stimulate the growth of aquatic plantsmay contain
toxic compounds or compoundsdhpotentially may be mutagentmr carcinogenic. For these reasons, the
immediate and nuisanc&ee removal of wastewater from its sources of generatioiowed by treatment
reuse or disposal into the environment, is necessary to protect public health and the envirdhme

The most appropriate wastewater treatment to be applied before effluent use in agriculture is that which
will produce an effluent meeting the recommended microbiological and chemical quality guidelines both at
low cost and with minimal operational and mggnance requirements. Adopting as low a level of treatment

as possible is especially desirable in Pakistan, not only from the point of view of cost but also in
acknowledgement of the difficulty of operating complex systems reliably. In many locatiofishie Wwitter

to design the reuse system to accept a igrade of effluent rather than to rely on advanced treatment
processes producing a reclaimed effluent which continuously meets a stringent quality standard.

The design of wastewater treatment plants is usually based on the need to reduce organic and suspended
solids loads to limit pollution of the environment. Pathogen removal has very rarely been considered an
objective but, for reuse of effluents in agriauie, this must now be of primary concern and processes should

be selected and designed accordingly.

Conventional wastewater treatment consists of a combination of physical, chemical and biological processes
and operations to remove solids, organic matter and sometimes nutrients from wastewater. Wastewater
treatment methods can be broadly classified as:

() Physical unit operation: The removal of pollutants by physical forces.

(i) Chemical unit operation: The removal of pollutants by addition of chemicals or by chemical reactions.
(ii) Biological unit operation: The removal of pollutantsdiglogical activities. These treatment methods
occur in a variety of combinations in wastewater treatment systems, to provide various levels of
wastewater treatment.

There are generally four levels of wastewater treatment:

1) Preliminarytreatment

2) Primary treatment

3) Secondary treatment

4) Tertiary/advanced treatment.

1.1.1.Preliminary Treatment

The objective of preliminary treatment is the removal of coarse solids and other large materials often found
in raw wastewater. Removal of these materials is necessary to enhance the operation and maintenance of
subsequent treatment units. Preliminary tr@aent operations typically include coarse screening, grit
removal and, in some cases, commination of large objects. In grit chambers, the velocity of the water
through the chamber is maintained sufficiently high, or air is used, so as to prevent thagseftimost
organic solids. Grit removal is not included as a preliminary treatment step in most small wastewater
treatment plants.



Figurel-1: Screening

Comminutes are sometimes adopted to supplement coarse screening and serve to reduce the size of large
particles so that they will be removed in the form of a sludge in subsequent treatment processes. Flow
measurement devices, often standimgave flumes, & always included at the preliminary treatment stage.

1.1.2.Primary Treatment

The objective of primary treatment is the removal of settleable organic and inorganic solids by
sedimentation, and the removal of materials that will float (scumgkiynming. Approximately 25 to 50% of

the incoming biochemical oxygen demand (BJQB0 to 70% of the total suspended solids (SS), and 65% of
the oil and grease are removed during primary treatment. Some organic nitrogen, organic phosphorus, and
heavy metals associated with solids are also removed during primary sedimentation butlatodind
dissolved constituents are not affected. The effluent from primary sedimentation units is referred to as
primary effluent.
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Figurel-2: PrimaryTreatment

1.1.3.Secondary TreatmeiiBiological)

The objective of secondatyeatment is the further treatment of the effluent from primary treatment to
remove the residual organics and suspended solids. In most cases, secondary treatment follows primary
treatment and involves the removal of biodegradable dissolved and colloigah@ matter using aerobic
biological treatment processe$he settlement of solids takes place in secondary sedimentation tank.
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Figurel-3: Typical flow sheet of a WWTP

‘ Figurel-4: Secondary Treatment (Biological Reactor)
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1.1.4.Advancecbr Tertiary Treatment

1 Tertiary treatment is the final cleaning process that improves wastewater quality before it is
reused, recycled or discharged to the environment.

1 The treatment removes remainirigorganic compoundsand substances, such as the nitrogen and

phosphorus.

Bacteria, viruses and parasites, which are harmful to public health, are also removed at this stage.

Tertiary treatment can remove more than 99 percent of all the impurities from sewage, producing

an effluent of almost drinkingvater quality.

= =

Figurel-6: Tertiary Treatment Continuous nitrification/Derification

1.2.Importance of Operation and Maintenance (O&M)

The successful operation and maintenance (O&M) of a wastewater treatment plant (WWTP) are pivotal to
its performance and longevityWastewater treatment plants are not just structure with equipment for
chosen technology in the aim to meet the standards, eliminate odour, flies, etc. Wastewater treatment
facilities are more complex, raw water is more difficult to treat and there is areasing expectation in
service, operation and control in exploitation. Therefore, the costs for normal operation of a VEWTP
usually rather high. Thus, the very important roles in WWTP working life are an economic operation, control
and maintenance, all together in the purpose for reliable operation of WWTP to meet regulatory
requirements.

Operations are the activities to make sure the plant produces the desired quality and quantity of treated
water and meets the current legislation. Wastewater collection and treatment system must be operated as
designed to adequately meet standard of thél@eént and protect water quality. Operators of the WTTPs
manage a complex system of machines, often using control boards, to transfer or treat wastewater.

Maintenance are the activities that should be undertaken to ensure the plant equipment operates
continuously and efficiently to achieve operational objectives. Wastewater treatment plant must provide
reliable and stabile service and avoid equipment breakas Breakdowns of the equipment usually can be
avoided if operators regularly inspect the equipment, pipelines, inlet and outlet of the system. Based on the
proper instruction and educated staff, good maintenance program will reduce breakdowns and atatrib

to the costeffective operation of the WWTP

Following are some key point®cusing on the various facets of the importance of Operation and
Maintenance (O&M) of WWTPs



1.2.1.Regulatory Compliance

O&M ensures that WWTPs meet legal standards by monitoring critical parameters like pH, BOD, and
nutrients. Compliance with these regulations safeguards public health and prevents environmental damage.
Failing to adhere to these standards may result inllegifications and a loss of public trust.

1.2.2.Performance Optimization

Proper O&M is vital for the optimal functioning of a WWTP. Regular maintenance, coupled with accurate
monitoring, allows the plant to adapt to changes in influent quality and quantity. This responsiveness
ensures the efficiency of the treatment processnserving energy, and reducing operational costs.

1.2.3.Public Health Protection

O&M practices are crucial for maintaining public health standards. Effective disinfection processes eliminate
harmful pathogens, and regular maintenance controls unpleasant odors. The failure of these processes can
lead to health risks for the community dmeighboring ecosystems.

1.2.4.Asset Management and Cesfficiency

Routine maintenance extends the lifespan of critical equipment, such as pumps and aerators, preserving the
plant@ assets. By implementing preventive maintenance schedules, unexpected breakdowns and costly
emergency repairs can be minimized, contributing to overall cost efficiency.

1.2.5.Resource Recovery

Efficient O&M facilitates water recycling and resource recovery, such as energy from biogas and nutrients
for agriculture. These practices contribute to sustainability by turning waste into valuable resources, but
they require meticulous operation and maimance to function effectively.

1.2.6.Environmental Stewardship

Ensuring proper treatment and disposal through rigorous O&M protects aquatic ecosystems and mitigates
climate impact. The wethanaged operation prevents harmful discharges that can have-lasiong
detrimental effects on the environment, highlighting th&ntQ role in ecological preservation.

A A‘(’.t L
Figurel-7: O&M of WWTP Figurel-8: Maintenance of WWTP



2. REVIEW OF TREATMENT TECHNOLOGIES APPLIED AROUND THE W

2.1. Aerated Lagoons System

It is similar to a facultative pond but mechanical aerators are uSedated lagoons are common in small
communities. These systems use aerators to mix the contents of the pond and add oxygen to the
wastewater. They are sometimes referred to as paimik or completemix lagoons depending on the
extent of aeration. Partiamnix aerated lagoons are often anabic lagoons that have been adapted and
upgraded to receive more wastewater. With the exception of winden designs, most aerators require
energy b operate. However, energy costs are almost always considerably less than those for other
mechanical treatment systems. Aeration makes treatment more efficient, which offsets energy costs in some
cases. Aerated lagoons require less land area and shortentilen times.

A Detention time is 5L0 days

A Usually, it is 2.8 meters deep

A The aerators more frequently used for aerated lagoons are the mechanical vestiattlhighspeed
floating aerators.

A Requires frequent desludging

Figure2-1: Aerated Lagoons

2.1.1.Advantages & Disadvantages of AL
Advantages

A Lower land requirements than WSP
A Satisfactory resistance to load variations
A Reduced possibilities of bad odours



Disadvantages:

A
A
A
A

Land requirements still high

Relatively high energy requirements

Low coliform removal efficiency

Need for periodic (some years interval) removal of sludge from

2.2.Trickling Filters System

A

This isan attached growth process. The influent wastewater is distributed/sprinkled over the rock
or plastic filter and then trickles down the packing material,

microorganisms already in the water gradually attach themselves to the media surface and form a
biofilm (approximately 0.1 to 0.2 mm thick).

The sewage is oxidized by the bacteria producing effluent in the form of water, gases and new cells.

Waste Microbial
Woater  Slime Layer
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Figure2-2: SlimeLayerOver Media

The influent wastewater is distributed/sprinkled over the rock or plastic filter and then trickles down
the packing material, microorganisms already in the water gradually attach themselves to the media
surface and form a biofilm (approximately 0.1 to théh thick).

The sewage is oxidized by the bacteria producing effluent in the form of water, gases and new cells.
The aerobic microorganisms in the outer part of the slime layer then degrade organic material.

As the layer thickens through microbial growth, oxygen cannot penetrate the medium face, and
anaerobic organisms develop.

As the biological film continues to grow, the microorganisms near the surface lose their ability to
cling to the medium, and a portion of the slime layer falls off the filter. This process is known as
sloughing.
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Biological Trickling filters for Municipal Waste Water Treatment

Figure2-3: Trickling Filter sectional View

The filter media (75 to 200 mm rock material or plastic packing),
wastewater distribution system and,

the undertrain system, which collects the wastewater that has passed through the filter and provide
an open area for the movement of air.
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Figure2-5: Sprinkler of a TF



Hydraulically driven rotary distributors use pneumaticaibntrolled gates that either open or close
distributor orifices that adjust with varying pumped flows to maintain a constant preset rotational speed
(left). On the right is an electrically drivestary distributor

Trickling filters may be categorized as; Primarily based on hydraulic and organic loading rates.

A low rate,
A High rate, and
A super rate

Table2-1: Advantages/Disadvantages of TF

Advantages Disadvantages

Simple & easy to operate as compared to = Difficulty in accomplishing biological nitrogen &
activated sludge phosphorus removal
Less energy required due to natural ventilatio  Flies, worms and snails& odor can be nuisanc

Appropriate for smailto mediumsized Additional treatment may be needed to meet
communities. more stringent discharge standards.
Less O&M Clogging if overloaded
Possible energy production from sludge digest Not asefficient as CAS

2.3.Conventional Activated Sludge
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Figure2-6: Flow Diagram of an Activated Sludge Process

The activated sludge process is widely used around the world for the treatment of domestic and industrial
wastewater. It is used in situations where high effluent quality is necessary and space availability is limited.
However, the activated sludge systeisr more heavily mechanized than the other treatment systems,
involving a more sophisticated operation.
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Figure2-7: Return flow AS
After pre and primary treatment, the conventional activated sludge (CAS) process comprises:

A Aeration tank,in which the biomass responsible for organic matter aerated by a blower and diffuser
system (or surface aeration system);

A Secondary clarifierwhere the activated sludge settles;

A Return Activated Sludge (RABYmping station recirculates most of the activated sludge from the
secondary tank to the aerobic reactor to maintain the desired concentration of organisms.

A Daily a small part of theiomass is removed in order to keep the biomass in the system at a constant
level.

A A complete treatment system is needed for primary sludge and WAS which can be used to produce
biogas for energy recovery through Combined Heat and Power Plant (CHP).

P

Figure2-8: AerationTank/BiIogiIReactor A
Activated sludge process: Important components

A SRT/MCRT(Mean Cell Residence Tirfedamental parameter. The average time suspended
solids remain in the activated sludge system. Typical sludge agé &e: ' n G2 wmn Rl &a
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A FI/M is a measurement of the food entering the activated sludge process and the microorganisms
(bacteria) in the aeration tanks.

A Hydraulic retention time (HRT)lypical 614 hours

2.3.1.Advantages and Disadvantages
Table2-2: Advantages/Disadvantages of AS

ADVANTAGES DISADVANTAGES

Lowland requirements High construction costs

High operational flexibility: changes in tl High energy consumption, due to aerati(
system can be achieved with a number requirements

parameters (e.g. aeration flow rates, RAS fl
rate, WAS.

The effluent quality is superior, high stands High operation costs
of BOD5 and ammonia removal are achiev
The process is reliable if the maintenan Requires operation and maintenance by skil
programme is followed operators

Low possibility of odorsnsects and worms The process is susceptible to sludge bulking |
sludge fails to separate out in the sedimentation tal
due to filamentous bacteria;

Possible energy production from th Need for complete sludge treatment and disposal
digestion of sludge.

2.4. Sequencing Batch Reactors (SBR)

Sequencing Batch Reactors (SBR) are a special form of activated sludge treatment in which all of the
treatment process takes place in the reactor tank and clarifiers are not required. This process treats the
wastewater in batch mode and each batch is sequenced through a series of treatment stages.

It is suited for low or intermittent flow conditions. Flow is neither entering nor leaving the reactor i.e. flow
enters, is treated, and then is discharged and the cycle repeats.

Figure2-9: SBR Plant

11



Typical SBR Process

Wastewater fills the tank, mixing with biomass that settles during the previous cycle

Air is added to the tank to aid biologial growth and facilitate subsequent waste reduction.
Mixing and aeration stop during this stage to allow solids to settle to the bottom of the tank
Clarified effluent is discharged.

If necessary, sludge removal occurs during this stage.

To To To Do Do

INFLUENT

=

v

EFFLUENT

Figure2-10: SBR sequence

Effluent Quality from welldesigned SBRs

Table2-3: Effluent quality of SBR

BOD <y dng/L
TSS <y dmy/L
NHmN <M dmmg/L
NCQCoriN <M 1 fgiL

2.5.Membrane Bioreactors (MBR)

Membrane Bioreactors (MBRs) represent a stat¢he-art wastewater treatment technology that
combines conventional activated sludge treatment with membrane filtration. In an MBR system, the
biological process occurs in an aeration tank where microorgantseak down organic matter, similar to

the activated sludge process. What distinguishes MBR is the use of semipermeable membranes to perform
the separation of the treated water from the mixed liquor.

A Membrane is integrated with a biological process. Vaculiiven membranes may be immersed
directly into the activated sludge reactor or in a separate membrane separation tank.

A To clean the exterior of the membranes, air is introduced below the membranes.

A While the CAS process uses a secondary clarifier for solid/liquid separation, an MBR uses a
membrane for this function.

12
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Figure2-11: MBR and AS

A The idea behind this technology is to get extremely good quality effluent
A Mostly used for wastewater reuse purpose
A Aeration plus membrane energy consumption is 76 % in this process
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Figure2-13: Membranes inserted in to sewagev
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2.6.Moving Bed Biofilm Reactors (MBBR)

Moving Bed Biofilm Reactors (MBBR) are an advanced wastewater treatment technology that combines the
benefits of both suspended growth and attached growth systems. The MBBR system utilizes thousands of
small, floating plastic carriers, usually with a getmneedesign, that provide a large surface area for
microorganisms to attach and grow. These carriers are kept in constant motion within the reactor by
aeration or mechanical mixing, hence the teémoving bed The attached microorganisms form a biofilm

on the carriers and function in a manner similar to that of the biological layer in a trickling filter, breaking
down organic pollutants in the wastewater. The movement ensures that the biofilm is exposed to both
wastewater and air, optimizing the treatmeptocess.

Figure2-15: MBBR Process

A This system requires less space than CAS.

A The MBBR system consists of an activated sludge aeration system where the sludge is collected on
recycled plastic carriers. These carriers have an internal large surface for optimal contact water, air
and bacteria.

A More modern fixed film process in which the microorganisms grow on plastic media.

A The media are made from high density polyethylene or polypropylene with a diameter of 13
25mm, and therefore have a large surface anddach helps the biomass to grow inside the surface
and are in constant motion due to the compressed air that is blown from under the tank.

14



Figure2-16: Aeration Tankvith Attached Growth Media

2.6.1.Advantages
Good for high organic loading applications
Typical performance characteristics &r80D in effluent <3 mg/L.
{YFfEtSNI F220 LINAyGaod mvn GKS Gy
suitable for nitrification.
A typical HRT for MBBR ig 3 hours, compared to 1224 HRT for ASPs.
No need for sludge recirculation
Self regulating biomass.
2.6.2.Disadvantages

A It requires a higher oxygen concentration as compared to ASP

A Need improved influent wastewater screening

A Energy consumption 0.170.27 kWh/m3 (for domestic sewage).

2.7.Extended Aeration Systems

To To To Do Do Io Io

Figure2-17: ExtendedAeration
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Extended Aeration Systems are a specific type of activated sludge process used in wastewater treatment,
characterized by a longer aerobic detention time. This extended time in the aeration tank allows for
complete oxidation of organic matter and a highegdee of treatment. The system typically consists of an
aeration basin where air is supplied to mix the wastewater with a microbial sludge, and a settling tank where
the sludge is separated from the treated effluent. One significant advantage of Extend®ibA Systems

is the reduced production of excess sludge, as more of the biomass is oxidized.

OEGSYRSR SNl GA2Y A& (Ge@LAOLFtteé dzaSR Ay LINBTI o NAOI
waste treatment from small communities, tourism facilities and schools. Longer mixing time with aged
sludge compared to conventional activated gledresults in a stable biological ecosystem suitable for
effectively treating fluctuating waste loads due to occupancy fluctuations. Supplements such as sugar are
sometimes used to maintain sludge microbial populations during periods of low occupancy.

It uses prolonged aeratiofrolonged aeration agitates all waste entering the sludge from a single clarifier.
Combined sludge starts with a higher concentration of inert solids than typical secondary sludge, and the
longer mixing time required to digest primary solids in additionissolved organics results in more waste

per unit of waste oxidized. Aged sludge is produced which requires a large mixing energy input.

A The raw sewage goes straight to the aeration tank for treatment & no primary clarifier is required.
A The whole process is aerobic.

A This simplification implies longer aeration time.

A

The BOD removal efficiency of the extended aeration process is higher than activated sludge
process.

Advantages of Extended Aeration System

A Do not require a primary clarifier.
Greater detention time for the nutrients to be assimilated by microbes.
Systems are odor free

Have a relatively small footprint.

A
A
A
A Have aelatively low sludge yield due to long sludge ages.
2.8.0Oxidation ditches
A An oxidation ditch is a modified activated sludge biological treatment process that uses long solids
retention times (SRTs) to remove biodegradable organics.
A Applicable in plants that require nitrification because the basins can be sized using an appropriate
SRT to achieve nitrification at the mixed liquor minimum temperature.
A This technology is very effective in small installations, small communities, and isolated institutions,
because it requires more land than conventional treatment plants.
A The wastewater moves through the ditch at 1 to 2ft/s.

A A carbon source (shown in the above equation as CH3 OH) is required for DE nitrification to occur.
It may be wastewater with sufficient carbon source.

16
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Figure2-18: Oxidation Ditches

Table2-4: Advantages/Disadvantages OD
Advantages Disadvantages

High reliable process; Requires more aeration energy than conventiol
CAS options;

The ditch (closed loop) configuration is the m¢ Effluent suspended solids concentrations ¢
energy efficient design relatively high compared to other modifications
available because it conserves fluid momentum, the activated sludge process.

Use less energy than extended aeration; Large sludge treatment facility is needed;

The BOD removal efficiency is better than t No primary tanks hence no biogas and ene
conventional method (up to production from the sludge.
99%));

High-quality effluent possible;
Adaptable to nutrient removal;

17



2.9. Anaerobic Digestion

The worddigestionin wastewater treatment is applied to the stabilisation of th@anic matter through the

action of bacteria in contact with the sludge, in conditions that are favourable for their growth and
reproduction. Digestion processes may be anaerobic, aerobic or even a combination of both. Table shows
the main differences beteen raw sludge and digested sludge.

Table2-5: Wastewater Treatment Processasd the Corresponding Degreé Sludge Stabilization

Characteristics of the sludge
Primary Secondary Chemical
System sludge sludge sludge
Primary treatment (conventional) raw
Primary treatment (septic tanks) stabilised
Primary treatment with coagulation raw
(chemically enhanced)
Facultative pond stabilised
Anaerobic pond + facultative pond stabilised
Facultative aerated lagoon stabilised
Complete-mix aerated lagoon + stabilised
sedimentation pond
Facultative pond + maturation pond stabilised
Facultative pond + high-rate pond stabilised
Facultative pond + physical-chemical non-stabilised
algae removal
Slow rate infiltration (a)
Rapid infiltration (a)
Overland flow (a)
Wetland (a)
Septic tank + anaerobic filter stabilised stabilised
Septic tank + infiltration stabilised (a)
UASB reactor stabilised
UASB + activated sludge stabilised (b)
UASB + submerged aerated biofilter stabilised (b)
UASB + anaerobic filter stabilised
UASB + high-rate trickling filter stabilised (b)
UASB + flotation stabilised stabilised
UASB + polishing ponds stabilised
UASB + overland flow stabilised (a)
Conventional activated sludge raw non-stabilised
Extended aeration stabilised
Sequencing batch reactor (extended stabilised
aeration)
Conventional activated sludge with raw non-stabilised
biological N/P removal
Activated sludge with chemical and non-stabilised  non-stabilised
biological N/P removal
Low-rate trickling filter non-stabilised  non-stabilised
High-rate trickling filter non-stabilised  non-stabilised
Submerged aerated biofilter non-stabilised
Rotating biological contactor non-stabilised  non-stabilised

(a): In lanedisposal wastewater treatment systems, the periodic removal of formed plant biomass is necessary
(b): Assumes return of the aerobic excess sludge to the anaerobic reactor, for further thickening and digestion, todetheramiderobic sludge

The anaerobic digestion processharacterizedby the stabilizationof organic matter in an oxygefnee
environment, has been known by sanitary engineers since the late 19th century. Due to its robustness and
efficiency, it is applied to small systems such as simple septic tanks (acting as an individual solution for a
house) as well as in fully automated plants serving large metropolitan areas. The anaerobic digestion process
underwent noticeable progresses between the First and the Second World WarsalSewerepts related

to the process were improved at that time, especially in Germany, England and the United States, and are
still being used today in the design of digesters.

18



Comparison between raw sludge and anaerobically digested sludge

Table2-6: Comparison between rasludge and anaerobically digested sludge

Raw sludge Digestedsludge
Unstalbe organicmatter Stabilisedorganicmatter
High biodegradalbte fractionin organic Low fractionof biodegradalbe organic
matter matter
High potentialfor generatiorof odours Low potentialfor generatiorof odours
High concentratiorof pathagens Concentratiorof pathgyenslower thanin
raw sludge

Anaerobic digestion is a muklitage biochemical process, capable of stabilising different types of organic
matter. The process occurs in three stages:

1 Enzymes break down complex organic compounds, such as cellulose, proteins and lipids, into soluble
compounds, such as fatty acids, alcohol, carbon dioxide and ammonia.

1 Microorganisms convert the firgtage products into acetic and propionic acid, hydrogen, carbon
dioxide, besides other lonmolecular weight organic acids.

1 Two groups of metharéorming organisms take action: one group produces methane from carbon
dioxide and hydrogen, while a second group converts the acetates into methane and bicarbonates.

2.9.1.Process description

In a conventional activated sludge WWTP, mixed primary sludge and excess activated sludge are biologically
stabilized under anaerobic conditions and converted into methanet(@Hd carbon dioxide (& The

process is accomplished in closed biological reactors known as anaerobic sludge digesters. Digester tanks
are fed with sludge either continuously or in batches, and the sludge is kept inside the tank for a certain
period of time previously determirteduring the design phase. The sludge and the solide tize same
detention time in the digester.

The organic fraction of the sludge is basically made up of polysaccharides, proteins and fat. Inside the sludge
digesters, colonies of anaerobic microorganisms convert the organic matter into cellular mass, methane,
carbon dioxide and other microonstituents. Inside the digester tank, three groups of mutually dependent
Microorganisms coexist:

1 hydrolytic acidogenic organisms
1 acetogenic organisms
1 methanogenic organisms

This population of microorganisms remains in a dynamic equilibrium and their concentrations vary
depending upon the operational conditions within the tank. Sulpkagucing and denitrifying

bacteria are also microorganisms occurring in anaerobic digeatidrplaying a fundamental role

in the stabilization process. The sulphaéglucing bacteria are responsible for the reduction of

sulphate (S 3’to sulphide (5), while denitrifyingoacteria reduce nitrate (Nb) to 43 gaseous
nitrogen (N2).
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2.9.2.Reduction of pathogens

Raw sludge concentrates a great variety of pathogenic organisms. The concentration and type of those
organisms reflect the standard of living in the treatment plant service area. The presence and concentration
of certain organisms in the raw sludge mayoalsdicate the contribution from slaughterhouses or animal
related centres. This is particularly true in small wastewater treatment plants serving rural areas.

Sludge digestion significantly reduces the population of organisms, favouring the agricultural use of the
sludge. Anaerobic stabilization acts as a partial barrier between pathogenic agents and sludge users,
reducing the risks of disease transmission.

Anaerobic digestion is achieved by obligatory anaerobic bactarithe process of dJpflow
anaerobic sludge blanket.

GHi20sH 0 7+IBCH

Anaerobic digestion (AD) systems are designed to capture the biogas produced from this breakdown and
produce energy.

n!/ high-pressure valve

substrate
inflow effluent

_) gas
substrate —_—

fluid zone

ground
injection
pipe

Figure2-19: Upflow anaerobic sludge blanket

1 UASB uses amaerobigprocess whilst forming a blanket of granular sludge which suspends in the
tank.

1 The upward flow combined with the settling actiongsfvitysuspends the blanket with the aid of
flocculants

1 Organic components (COD) are converted td €ICQ + BIOMASS

91 Gas liquid separator occupies remaining 15 to 30% of the total volume.

1 A low energy requirement for the treatment process
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1 A proper temperature range is required for the anaerobic process (15 C to 35 C), therefore it is not
applicable during coldeason in certain countries.

3. TREATMENT SYSTEMS APPLIEB IN MC

3.1. Stabilization Pond Treatment System

Waste stabilization ponds (WSP) have been used wuidé over the last 50 years for municipal and
domestic wastewater. Waste stabilization ponds (WSPs) are usually the most appropriate method of
domestic and municipal wastewater treatment in developing countries, where the climate is most favorable
for their operation. WSPs are legost, lowmaintenance, highly efficiententirely natural and highly
sustainable. The only energy they use is direct solar energy, so they do not need any electromechanical
equipment, saving expenditure on electricity and more skilled operation. They do require much more land
than conventional electromechanical treatment processes such as activated gunigdand is an asset

which increases in value with time, whereas moneyerdpon electricity for the operation of
electromechanical systems is gone forever.

3.1.1.Description of the Process

Waste Stabilization Ponds (WSPs) are prominent natural methods for treating wastewater. These are either
artificially constructed earthen or concrete basins that typically encompass a sequence of anaerobic,
facultative, and, if higher effluent quality issired, maturation ponds. WSPs are especially effective in
tropical and subtropical regions due to the significant role of sunlight and warmth in their operational
efficacy. Before being processed in the WSPs, wastewater undergoes initial treatmentinmshreening

and grit elimination, to extract bulky and dense solids. While the design of this preliminary stage aligns with
traditional electromechanical wastewater treatment systems, WSPs usually employ more straightforward,
manual approaches like hasrdked screens and manually cleared consteglbcity grit channels.

Figure3-1: WSPPant

In essence, WSPs involve a thtieged treatment approach: primary treatment before the anaerobic ponds,
secondary treatment in the anaerobic and facultative ponds, and tertiary treatment within maturation
ponds. The anaerobic and facultative ponds priflgaddress the reduction of organic matter, often referred

to in terms ofébiochemical oxygen demaadr BOD, as well as the elimination of Vibrio cholerae and
helminth eggs. Conversely, maturation ponds focus on eradicating fecal viruses such ass;aatriovirus,

and norovirus, certain fecal bacteria like Salmonella spp., Shigella spp., Campylobacter spp., and specific
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strains of Escherichia coli, in addition to managing nutrient concentrations, specifically nitrogen and

phosphorus.

3.1.2.Stagef waste stabilization pondeeatment
Stabilization ponds are broadly classified into thetggesbased on their function: anaerobic, facultative,
and maturation or aerobic ponds, with each serving a different role in the treatment process.

—

Anaerobic

pond

\\

—

Facultative
pond

\

o

Maturation

pond

\

) A

Figure3-2: Types of WSP

3.1.2.1.Anaerobic ponds

Anaerobic ponds constitute an alternative form of treatment, in which the existenstriotly anaerobic
conditions is essential. This is reached through the application of a high BOD load per unit of volume of the
pond, which causes the oxygen consumption rate to be several times greater than the oxygen production
rate. In the oxygen balance, the productiby photosynthesis and atmospheric reaeration are, in this case,
negligible.

Anaerobic ponds have been used for the treatment of domestic sewage and organic industrial wastewaters,
with high BOD concentrations, such as slaugtiieuses, piggery wastes, dairies, beverage industries, etc.

The conversion of organic matter under anaerobic conditions is slow, owing to the slow growth rate of
anaerobic bacteria. This results from the fact that the anaerobic reactions generate less energy than the
aerobic reactions for the stabilisation of orgarmatter. The temperature of the medium has a great
influence in the biomass reproduction and substrate conversion rates, which makescharate regions

to be favourable for the utilisation of this type of pond.

Anaerobic ponds are usually deep, of the order of 3 m to 5 m. The depth is important, in order to reduce the
possibility of the penetration of the oxygen produced in the surface to the other layers. Because these ponds
are deeper, the land requirements acerrespondingly small.

‘Biogas’: CH,, CO,

scum layer

sludge layer

= same groups of anaerobic bacteria involved as in septic
tanks and anaerobic digesters — require same
environmental conditions (eg, pH >6.5)

Figure3-3: Anaerobic Pond

Anaerobic ponds do not require any special equipment and have a practically negligible energy consumption
(for a possible pumping of the raw sewage or the recirculation of the final effluent).
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The BOD removal efficiency in anaerobic ponds is usually of the order of 50% to 70%. The effluent BOD is
still high and implies the need of a pdastatment unit. The most widely used peseatment units are
facultative ponds, composing the system of arwdsc ponds followed by facultative ponds

The removal of BOD in the anaerobic pond provides a substantial saving in the area required for the
facultative pond, making the total land requirement (anaerobic + facultative ponds) to be around 45% to
70% of the requirement for a primary facultative gb¢receiving raw wastewater).

The existence of an anaerobic stage in an open reactor is always a matter of concern, owing to the possibility
of the generation of bad odours. If the system is well balanced, the generation of bad smell should not be
important, but occasional operationproblems can lead to the release of hydrogen sulphideSjiHrespon

sible for obnoxious odours. If the sulphate concentration in the influent is lower than 300 mg/L, the
production of sulphide should not be problematic (in anaeraioiaditions, sulphate is reduced to sulphide).
Additionally, if the pH in the pond is close to neutrality, most of the sulphide will be present in the form of

the bisulphide ion (I—f’@, which is odourless (Mara et al, 1997). Wastewaters with low pHieal(industrial
effluents or wastewater originated from a water that is soft, with low alkalinity, high acidity or without pH
correction) may induce odour problems. As a result of tbets above, the anaerobiacultative ponds
system should be located faway from houses (during all the operational life of the ponds).

3.1.2.2.Descriptionof the processn anaerobic ponds
In a simplified way, the anaerobic conversion takes place in two stages

1 liguefaction and formation of acids (through the aéiming bacteria, or acidogenic bacteria)

1 formation of methane (through the metharA®rming organisms, or methanogenic archaea)
In the first phase, there is no BOD removal, just the conversion of the organic matter to other forms (simpler
molecules and then acids). It is in the second stage that BOD is removed, with the organic matter (acids
produced in the first stage) b@ng corverted mainly to methane and carbon dioxide. The carbon is removed
from the liquid medium by the fact that the methane (@lescapes to the atmosphere.
The methangorming organisms are very sensitive to the environmental conditions. If their reproduction
rate is reduced, there will be the accumulation of the acids formed in the first stage, with the following
consequences: (a) interruption of the BOD raral process and (b) generation of bad odours, because the
acids are very fetid.
Therefore, it is essential that the appropriate balance between the two-acmmnities is guaranteed,
ensuring the completion of both stages. For the adequate development of the mefloaméng archaea,
the following conditions should be met:

1 absence of dissolved oxygen (methaoeming archaea arstrict anaerobesnd do not survive in

the presence of dissolved oxygen)

1 adequate temperature of the liquid (above 16)

1 adequate pH (close to or above 7)
The anaerobic activity affects the nature of the solids, in such a way that, in the facultative pond, the solids
are less prone to fermentation and flotation, besides decomposing more easily.

3.1.2.3 Facultative ponds

Facultative ponds operate with both aerobic and anaerobic zone. Aerobic conditions are generally
maintained in the upper layers while anaerobic conditions exist towards the bottom. Facultative ponds are
normallycharacterizedy:
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1 the effluent received: Facultative ponds are normally receiving ponds where only domestic influent
iS received.
1 the colour of the wastewater contained within the pond is normally that of the influent received.
Sometimes the colour is bluish to green depending on the algal population present.
3.1.2.4.Factors affecting pond activity

Many climatic conditions affect overall pond activity, over none of which the operator has control (Eigure
2). However, through careful planning, one can take advantage of seasonal changes and produce a quality
effluent.

Sun

Aerobic zone

Faculative zone

Anaerobic zone

Sludge

Figure3-4: Climate Conditions Affecting Pond Activity

3.1.2.5.Influence of wind action

The amount of oxygen taken in from the atmosphere at the pond surface (when related
to the total oxygen supplied for biomass respiration) is important only under certain conditionso{day,

wind action adds a very small amount of oxygen. However, when
the long detention times in a pond system are considered, wind action may account for a considerable
amount of oxygen. When the dissolved oxygen level is below the saturation point for a given water
temperature, more oxygen may be taken in at the waa@rinterface. In addition, if wind agitates the pond
surface, the water can take up oxygen more easily.

Normally, stabilization ponds are not subject to wave action like natural lakes. This is because of their smaller
size and the lower surface tension caused by detergents in the wastewater, particularly in primary ponds.
During periods of rapid algae photoghesis, oxygen in the ponds becomes super saturated. (Super
saturation is an unstable condition in which the water holds more oxygen than is normal at that particular
temperature). When this happens, wind action can actually remove oxygen from the g@f#pcess called
de-aeration

During the summer when ponds are super saturated with oxygen, the major effect of the wind is to mix the
oxygen rich water in the upper portion of the pond. Mixing by the wind

3.1.2.6.Influence of light

Because the process of photosynthesis relies on light, light is indispensable in the production of oxygen in
the stabilization process. Three different, but related considerations help determine how well a pond
operates and the area and depth needed fooper operation.
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I.  Latitude, elevation and cloud cover causes a regional variation in the amount of sunlight received
during a year. Normally, for most of Minnesota, the amount of annual sunshine is about 50 to 60
percent of the total possible.

II.  More importantly, seasonal change in Minnesota affects the amount of daily sunlight. Normally,
summer sunshine is about 70 percent of the total possible; winter sunshine about 40 to 50 percent
of the total possible.

lll.  How deep light can enter a pond determines how much of the pond participates in making oxygen.
It also determines the best pond depth for optimum operation. Up to 30 percent of sunlight is lost
when it reflects off the pond surface; more is lost when wiodghens the pond surface. How deep
light penetrates the pond also depends on the amount of algae in the pond; the more algae, the less
light penetrates. The amount of algae in a pond varies seasonally and from pond to pond. Studies
have shown that at pondepths of more than three feet, the amount of oxygen produced is less
than the amount needed. Water deeper than three feet must get oxygen by vertical mixing from
wind action. For all these reasons, the best depth for operating a pond is between twixdadts

3.1.2.7.Influence of temperature

Pond temperature changes with the seasons and the amount of sunlight it receives. Generally, as
temperature decreases, the rate of biochemical oxygen demand (BOD), the kind and amount of algae, the
amount of bacterial activity and the rate of respiratiohdecrease as well.

The only thing that increases is the dissolved oxygen saturation value; colder water can hold more oxygen.
Just before and after ice cover, water holds almost twice as much oxygen as
it does in summer. When ice is not present and before algae beginswg tire amount of oxygen taken in

at the pond surface is an important source to supply oxygen demand during cold weather.

3.1.2.8.Influence of nutrients

Enough nutrients must be available in a stabilization pond to support a healthy biological community of
bacteria and algae. Municipal wastewater usually contains enough carbon, nitrogen, phosphorus and trace
nutrients to support algal growth. In theory, @dbic treatment requires a BOD to nitrogen to phosphorus
ratio of 100:5:1. The ratio in domestic wastewater is generally 100: 17:5, indicating that adequate nutrients
are available. If the municipal wastewater contains a large volume of industrial wasttdattks these
nutrients, the operator may need to add nutrients to make sure the biological growth and treatment
processes take place.

3.1.2.9.Daily fluctuations

— Air temp

== Pond surface temg
- Dissolved oxygen
— D H

Day Night Day ﬁight Day Night Day

Figure3-5: Daily fluctuation in a stabilization pond
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Changes in sunlight and air temperatures o2éthour period cause daily variatioms pond temperature,
dissolved oxygen concentration, pH, and other characteristics, as shown in Fgubailly highs in dissolved
oxygen may be 200 percent of saturation, while nighttime lows may approach zero. Daily fluctuations in pH,
reaching as higas 10 during the day, are connected to the amount of carbon dioxide the algae use in the
photosynthesis process:

1. Photosynthesis produces dissolved oxygen and uses up carbon dioxide.
2. Removing carbon dioxide reduces the acidity of the water.
3. As the acidity is reduced, the pH rises.

How much the pH rises depends upon the overall water hardness and alkalinity. The higher the hardness,
the higher the pH will rise. The greater the alkalinity, the more resistance there will be to a change in pH.

3.1.2.10.Maturation ponds

Maturation ponds receive the effluent from the facultative ponds and their size and humber depends on the
required bacteriological quality of the final effluent. They are shallower than facultative ponds with a depth
Ay GKS N¥y3IS wmb wmdimal {d&pthssok lés& tham 1 M endoBragg Boterl Indacrophytes to
grow in the pond and so permit mosquitoes to breed). Because of the lower organic loadings received by
maturation ponds, they are well oxygenated throughout their depth.
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Figure3-6: Maturation Ponds activity

The algal populations are much more diverse than that in facultative ponds; algal divwecsitgses from
pond to pond along the series.

Maturation ponds only achieve a small additional removal of B0 they make a significant contribution

to nitrogen and phosphorus removal. Total nitrogen removal in a whole WSP system is often above 80
percent and ammonia removal are generally more than 90 percent (these figures depend on the number of

maturation ponds included in the WSP system). Phosphorus removal in WSPs is lower (usually about 50
percent). Examples of WSP series (anaerobic ponds + facultative ponds + maturation ponds).

A Main objective of maturation ponds is to remove FC.
A The UV portion of sunlight directly damages pathogen genomes.
A In order to ensure the sunlight penetration in maturation ponds these are kept about 1 m deep.

A Most bacterial pathogens are vulnerable to high pH. At peak algae activity, the pH of water can rise
to above 9, leading to Fecal Coliform (FC) inactivatimhpromoting ammonia volatilization
(ammonia gas).
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3.1.3.Design Criteria of WSP

Designing a wastewater stabilization pond system requires meticulous planning and evaluation of various
parameters to ensure an efficient, reliable, and effective treatment process. Here are some of the primary
criteria to be considered

3.1.3.1.Type and Characteristics of Wastewater

The first step in designingstabilizationpond system is understanding the characteristics of the influent
wastewater. The quantity, quality, and variability of the wastewater, including parameters like Biological
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Total Suspended Solidsl {J&@8pgen
content, play a crucial role in defining the sys@rdesign criteria.

3.1.3.2.Climate Conditions

Local climate and weather conditions significantly impact the biological and chemical processes in the ponds.
Regions with a warm climate promote better biological activity leading to efficient treatment, while colder
climates may slow down the process8&sinlight availability is critical as it promotes photosynthetic activity

in facultative and maturation ponds. Seasonal variations should also be factored into the design process.

3.1.3.3.Pond Geometry and Sequence

The number of ponds and their sequence (Anaerobic, Facultative, and Maturation) are determined based
on the wastewater characteristics and the desired effluent quality. Each type of pond provides a unique
treatment level, and the configuration can be adeghtto achieve the required treatment objectives. The
depth of the ponds varies with the type of pond: anaerobic ponds are the deepest, followed by facultative
and then maturation ponds.

At a minimum, stabilization pond systems should contain three ponds: two primary ponds and one
secondary pond. For flexibility, the primary ponds are arranged to allow the ponds to operate in either series
or parallel. A twepond system may be allowed ie horizontal surface area of dikes (tt®toe) of a three

pond system is greater than or equal to the pond water surface area. If a proposed system ipa@ntivo
system (one primary and one secondary), the total overall size of both ponds cannot egnestds. The

ten acres is measured at the mean operating depth. There must be an adequate elevation difference
between primary and secondary pontisallow gravity filling of the secondary pond. The secondary pond
bottom elevations must be at least four feet lower than the primary pond bottom elevations. If sufficient
elevation difference is not available, a pump must be provided with sufficientitsyia remove at least six
inches per day from the upstream pond.

In the pond system, the secondary pond must have a capacity efforkethe volume of the entire system

and able to operate in series with the primary pond(s). This means that in-adwt system where both

ponds are equal depth, the primary pond shobkltwice as big as the secondary. For a thpeaed system

and larger, all ponds should be at least equal in capacity. The secondary pond is a storage pond used in
preparation for discharge.

Secondary ponds are of particular value in reducing the carryover of algae and nutrients as well as
wastewater bacterial counts. Secondary pond size is important because of the time needed to complete all
the necessary discharges. At design flow, it wKketabout 66 days to discharge a properly sized secondary
pond three times, assuming a difference between the primary and secondary pond bottoms of at least four
feet. If this distance is not available, a pump will be needed to pump six inches per dath&arpstream

pond.
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Figure3-7: TypicalPond System

3.1.3.4.Pond bottom elevation differences

Pond system design must have an elevatibifierence between primary and secondary pontisit is
adequate to allow the primary pond fil the secondary pond by gravity. Secondpond bottom elevations

must be four feet lowethan primary pond bottom elevations. Where this is not feasible, a portable pump
and appropriate hoses must be provided. The pump must have the capacity to transfer from the upstream
pond at a rate of six inches per day spread evenly over tHeo24 perial.

~ Secondary

Figure 38 Elevation difference in pond bottoms
3.1.3.5.Loading Rates and Retention Time
The design of the ponds is influenced by both hydraulic and organic loading rates. The hydraulic loading rate,
given in n¥m?day, influences the hydraulic retention time (HRT), which is crucial for the adequate
treatment of wastewater. The organic loading rate, given in kg BG4y, affects the ability of the
microbial community to degrade organic pollutants in the wastewater.

3.1.3.6.Effluent Discharge Standards

The required level of treatment, often dictated by local or national effluent discharge standards, determines
the complexity and size of the pond system. More stringent discharge standards may require a more complex
system or additional treatment stages.

The design criteria, defined in the Punjab Environmental Quality Standards for Municipal and Liquid
Industrial Effluents (No SO(G)/EPER&G/2013) publishedn 2016 is applicable in Punjablhe important
parameter for the design of the WWTP are as depicted in Taddtaw.

According to thePunjab Environmental quality standarfis dischargeof treated municipal and industrial
sewage into the natural water bodies should be treated astipequality standards (PEQS) as given below:
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Table3-1: Treatment targets effluent WWTP (according to Punjab EQS 2016)

SR. NO PARAMETER UNIT NEQs (Into inland waters)
1 Temperature increase (o X o
2 PH 06to9
3 TSS mg/l 200
4 TDS mg/l 3500
7 COD mg/l 150
8 BODB mg/l 80
9 Oil & Grease mg/l 10
10 Phenol mg/l 0.1
11 Cadmium (Cd) mg/| 0.1
12 Chromium (Cr) mg/l 1
13 Copper mg/l 1
14 Iron mg/| 8
16 Mercury mg/| 0.01
17 Chlorides mg/l 1000
18 Fluoride mg/l 10
20 Led .Pb mg/l 0.5
22 Ammonia NH3 mg/l 40
23 Manganese mg/| 15
24 Sulphate mg/| 600
25 CN mg/| 1
26 Zn mg/l 5
27 Arsenic. AS mg/l 1
28 Lead Pb mg/l 0.5
30 Nickel(Ni) mg/| 1
31 Total toxic metals mg/l 2
32 Chlorine mg/| 1
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3.1.3.7.Land Availability
Stabilizationpond systems typically require a considerable land area. The availability and cost of land are
important considerations when choosing to use a pond system for wastewater treatment.

3.1.3.8.Design Temperature
The design temperature is the mean temperature of the coldest month.

3.1.3.9.Design of Anaerobic ponds

A Ponds receive volumetric organic loadings in the range of 100 to 350 g BOD5/m3 day, depending
on the design temperature.

A They are sized according to their "volumetric organic loading", which means the quantity of
organic matter, expressed in grams of BOD5 per day, applied to each cubic metre of pond volume.

A ¢KS @2ftdzyYSGNAO . h5 2 RLQYa&YadfX <Pk Yo RO Aa& 3TAL

A whereli is the BOPof the raw wastewater (mg/l = g/m3Ris the wastewater flow (m3/d) anda
is the anaerobic pond volume (m3).

A ¢KS LISN¥y¥iaarotsS Nry3aS 2F <@ Aa IkYodR I YSIy

Table3-22¢ KS LISNXYA&&4A06fS NI y3aS 2F <0

TemperaturefC) Volumetric loading (g/n?
10 100

10-20 20T-100

20-25 10T+100

Fordomestic sewagehe hydraulic detention time is usually within the following range:

In conventional anaerobic ponds (in which the inlet pipe is above the sludge layer), if the detention time is
lower than 3.0 days, the metharfferming organ isms may be washed out of the reactor. In these
conditions, the maintenance of a stable bactepapulation would not be possible. Apart from the efficiency

of the anaerobic pond being reduced, the more serious aspect of imbalance between tHerauiag and
methaneforming stages would occur. The consequences would be the accumulation of aciddiquith,

with the generation of bad odours, as a result of the small population of metfiameing organisms to
continue the conversion of acids.

However, there is a recent tendency of decreasing the detention times in anaerobic ponds to ardaysl

and, possibly, 1 day. For this, it is necessary to increase the retention time of the biomass and to allow an
intimate biomasgwastewater contact. These conditions can be obtained with the distribution of the
influent in the bottom of the pond, at severabints, aiming at approaching the working principle of an
upflow anaerobic sludge blanket reactor. When entering the pond, the influent sewage has direct contact
with the anaerobic biomass, optimising the important aspect of the organic magti@omass catact.
Traditional anaerobic ponds that presented operational problems showed an improvement in the-perfor
mance and a reduction of odour generation with the simple change of the inlet pipe to the bottom of the
pond.

With detention times greater than 6 days, the anaerobic pond can behave sicewlly as a facultative
pond. This is undesirable, because the presence of oxygen is fatal for the mdtnameg organisms.
Anaerobic ponds must work as strict anaerobic ponds and cannot alternate between anaerobic, facultative
and aerobic conditions
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After calculating the volume based on the volumetric loading ratg, @he resulting detention time is
obtained by: t = V/IQ

where:
t = detention time (d)

V = volume of the pond (ﬁ)
Q = average influent flow (%)

3.1.3.10.Depth of anaerobic ponds

The depth of anaerobic ponds is high, in order to guarantee the predominance of anaerobic conditions,
avoiding the pond to work as a facultative pond. In fact, the deeper the pond, the better. However, deep
excavations tend to be more expensive. Valuesallgadopted are in the range of:

H=35mto50m

When there is no previous grit removal, the anaerobic pond could have an additional depth of at least 0.5
m, close to the inlet and extending to at least 25% of the area of the pond. However, it is believed that the
inclusion of grit chamber units is bemgél, because they minimise problems of grit accumulation close to
the inlet pipe and due to their simplicity.

3.1.3.11.Geometry (length / breadth ratio)
Anaerobic ponds are square or slightly rectangular, with typical length/breadth (L/B) ratios of:

Length / breadth ratio (L/B) = 1 to 3

3.1.3.12 Effluent Bod Concentration from The Anaerobic Pond

There are still no conceptual mathematical models in widespread use that allow an estimation of the effluent
BOD concentration from anaerobic ponds. For this- r&@n, these ponds have been designed mainly
according to empirical criteria. Mara (1997) preed the BOD removal efficiencies as a function of the
temperature presented in Tab@3 and illustrated in Figur8-8.

Table3-3: BOD removal efficiencies in anaerobic ponds as a function of the temperature

Mean air temperature of the BOD removal
coldest month - T (°C) efficiency E (%)
10 to 25 2T +20
>25 70
Source: Mara (1997)
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Figure3-8: Efficiency of BOD removal
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Once the removal efficiency (E) has been estimated, the effluent concentratiore(QD the anaerobic
pond is calculated using the formulas:

E=(8b .€fflpl100/D

BORHIIT OM bo 9k MnnL ®f
where:

S = influent total BOD concentration (mg/L)

BOLffl = effluent total BOD concentration (mg/L)

3.1.3.13.Design of Facultative ponds

The influent wastewater enters at one end of the pond and leaves at the opposite end. During this
time, which takes several days, a seriesntéchanisms contribute to the purification of the
wastewater. These mechanisms occur in three zones of the ponds, denomiaatesiobic zone,
aerobic zonandfacultative zone

The suspended organic mattguatticulate BODtends to settle, constituting the bottom sludge
(anaerobic zong This sludge undergoes a decomposition-ess by anaerobic microorganisms,
being slowly converted into carbon dioxide, methane and others. After a certain period, practically
only the inert fraction (nonbiodegradable) remains in the bottom layer.eThydrogen sulphide
generated does not cause malodour problems, since it is oxidised by chemical and biochemical
processes in the upper aerobigyé.

The dissolved organic mattesdluble BOD together with the small suspended organic matter
(finely particulate BOPdoes not settle and remains dispersed in the liquid mass. In the upper layer,
anaerobic zonds present. In this zone, the organic matter is oxidised by aerobic respiration.
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Figure3-9: Simplified Working Principtd a Facultative Pond

Oxygen is required, which is supplied to the medium by the photosynthesis undertaken by algae, and there
is a balance between the consumption and production of oxygen and carbon dioxide
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Bacterial'brespiration

1 Consumption of oxygen
1 Production of carbon dioxide

Algaelbphotosynthesis

1 Production of oxygen
1 Consumption of carbon dioxide

It should be highlighted that the reactions ifiotosynthesigproduction of organic matter) anaspiration
(oxidation of the organic matter) are similar, but with opposite directions:

1 Photosynthesis:

C@+Hh b 9ySNHE Ih 2ZNHIYAO YIFIGGSNI b h
1 Respiration:

Organic matter + @b /2k HO + Energy

For the occurrence of photosynthesis, a sourcéghit energyis necessary, in this case, represented by the
sun. For this reason, localities with high solar radiation and a low level of cloudiness ardavigtdplefor
facultative ponds.

Since photosynthesis depends on solar energy, it reaches higher levels close to the pond surface. Deeper
down in the pond, light penetration is smaller, which causes the predominance of the oxygen consumption
(respiration) over its production (photosynthis} with the occasional absence of dissolved oxygen from a
certain depth. Besides, photosynthesis only occurs during the day gkime hours), and during the night,

the absence of oxygen can prevail. Because of these facts, it is essential that #hesevaral groups of
bacteria, responsible for thetabilizationof the organic matter, which can survive and proliferate in the
presenceas well as in th@absenceof oxygen. In the absence of free oxygen, other electron acceptors are
used, such as nitrates (anoxic conditions). This zone, where the presence or the absence of oxygen can occur,
is called dacultative zone This condition also gives the name to the ponds (facultative ponds).

As commented, the process of facultative ponds is essentially natural and does not need any equipment. For
this reason, thestabilizationof the organic matter takes place at slow rates, implying the need of a high
detention time in the pond (usually greater than 20 days). Photosynthesis, to be effective, requires a high
exposure area for the best use of the solar energy by the algaefyjogtithe need of large units.
Consequently, the total area required by facultative ponds is the largest amongstealdaktewater
treatment processes (excluding land disposal systems). On the other hand, the fact that they are a natural
process is associated with a larger operational simplicity, which is a factor of fundamental importance in
developing countries.

The effluent from a facultative pond has the following main characteristics (CETESB, 1989):
1 greencolordue to the algae
71 high dissolved oxygen concentration
71 high suspended solids concentration, although these practically do not settle

(the algae practically do not settle in the Imhatine test)
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3.1.3.14.Influence of Algae

Algae play a fundamental role in facultative ponds. Their concentration is much higher than that of bacteria,
giving the greenish appearance of the liquid at the pond surface. In terms of dry suspended solids, their
concentration is usually lower than 200g/L, although in terms of numbers they can reach counts in the

range of 16 to 10° organisms per ml (Arceivala, 1981). The presence of algae is usually measured in the
form of chlorophyll a, a pigment presented by all plants, and the main parameter daguhntification of

the algal biomass (Kaig, 2000). The chlorophyll a concentrations in facultative ponds depend on the applied
load and temperature, but are usually located in the range from 500 to 2900 (Mara et al, 1992).

The main types of algae found in stabilisation ponds are (Mara et al, 1992; Silva Jr. and Sasson, 1998; Jorda
and Pessoa, 1995):

1 Green algag(Chlorophyta) ancigmented flagellated Euglenophyta)These algae give the
pond the predominant greenish colour. The main genera @damydomonasChlorellaand
Euglena Chlamydomonasind Euglenaare usually the first to appear in the pond, tending to be
dominant in cold periods, and possessing flagella, which gives them motilityirtogation of their
position with relation to the incidence of light and to temperature).

1 Cyanobacteria(previously called Cyanophyta or bigeeen algae). In reality these organisms
present characteristics of bacteria and algae, and are classified as bacteria. The cyanobacteria do
not have locomotion organelles, such as cilia, flagella or pseudopodesehea@able of moving by
sliding. The nutrient requirements are very small: the cyanobacteria can proliferate in any
environment that has at least QON2, water, some minerals and light. These organisms are typical
of conditions with low pHalues and low nutrient availability in the wastewater. This environment
(not typical in stabilisation ponds) is unfavourable for the green algae, which may also serve as food
for other organisms, such as protozoa, leading to the proliferation of the cyaneha.Oscillatoria
Phormidium Anacystisand Anabaenaare among the main genera that can be mentioned.

Other types that can be found are algae of the phyla Bacyllariophyta and-Gphyga (Kanig, 2000; Mara
et al, 1992). The predominant species vary from place to place, and even with the position in the series of
ponds (facultative ponds and maturatiguonds).

The algae photosynthesise during the hours of the day that are subject to light radiation. In this period, they
produce the organic matter necessary for their -suival, converting the light energy into condensed
chemical energy in the form of food. Duginhe 24 hours of the day, they respire, oxidising the organic
matter produced, and release the energy for growth, reproduction, locomotion and others. The balance
between oxygen production (photosynthesis) and consumption @ieation) widely favours ta former. In

fact, the algae may produce about 15 times more oxygen than they consume {Razikl 1991), leading to

a positive balance of DO in the system.

Owing to the requirement of light energy, most of the algae are located close to the pond surface, a location
of high oxygen production. When deepening down into the pond, the light energy decreases, therefore
reducing the algal concentration. In the suwédayer, under 50 cm, is the range of higher light intensity, with
the rest of the pond being practically dark.

There is a position in the pond depth in which the oxygen production by the algae equals the oxygen
consumption by the algae and the decomposing miorganisms. This point is callegypause
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Figure3-10: Algae, Light and energy as a function of depth

Above theexopauseaerobic conditions prevail, while below it, anoxic or anaerobic conditions predominate.
The level of theexopausevaries during the 24 hours of the day, as a function of the variability of the
photosynthesis during this period. At night, teeopauselevel rises in the pond, while during the day it
lowers down.

The thickness of the aerobic zone, besides varying along the day, also varies with the loading conditions of
the pond. Ponds with a greater BOD load tend to have a larger anaerobic layer, which can practically take
up the whole pond depth during the nighigure 13.4 schematically illustrates the influence of the loading
conditions on the thickness of the aerobic layer.

The pH in the pond also varies with the depth and along the day. The pH depends on the photosynthesis and
respiration, according to:

1 Photosynthesis:
1 Consumption of C®

1 Bicarbonate ion (Hd{) of the wastewater is converted to GH
1 pHrises

1 Respiration:

1 Production of CQ

f Bicarbonate ion (Hd@) of the wastewater is converted to™H

1 pH decreases

During the day, in the hours of maximum photosynthetic activity, the pH can reach values around 9
or even more. In these conditions of high pH, the following phenomena can occur:

1 Conversion of the ammonium ion (Nurl) to free ammonia (NB), which is toxic, but tends to be
released to the atmosphere (nutrient removal)

1 Precipitation of the phosphates (nutrient removal)

1 Conversion of sulphide @3), which may cause bad odours, to the odourless bisulp’hideHé' ).
At pH levels greater than 9 thereggactically no 13S.
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Table3-4: Influence of the Main External Environmental Factors

Factor Influence
Solar radiation * Photosynthesis velocity
Temperature * Photosynthesis velocity
* Bacterial decomposition rate
* Q@as solubility and transfer
[ ]

Mixing conditions

Wind * Mixing conditions
* Atmospheric reaeration (*)

(*) Mechanism of lesser importance in the DO balance in facultative ponds

The main parameters for the design of facultative ponds are:
Surface organic loading rate

Depth

Detention time

Geometry (length / breadth (L/B) ratio)

=a =& —a -

Surface organic loading raté@he surface organic loading rate (organic load per unit area) is the main
design criterion for facultative ponds. It is based on the need to have a certain exposure area to the sun light
in the pond, so that the process of photosynthesis may take place. difjective of guaranteeing
photosynthesis and algal growth is to have enough oxygen production to counterbalance the oxygen
demand. Thus, the surface loading rate criterion is associated with the need of oxygen for thsatiabil

of the organic matter. Therefore, the surface loading rate is related to the activalgaéand the balance
between oxygen production and consumption.

Depth. The depth has an influence on the physical, biological, and hydrodynamic aspects of the pond. After
obtaining the value of the surface area (through the adoption of a value for the surface loading rate) and
adopting a value for the depth, the volume of thend is obtained.

The design parameters are basically empirical. For the surface loading rate, there are some mathematical
models that allow the design of facultative ponds based on conceptual methods, such as algae production
as a function of the solar radiation, oxygem@uction per unit algal mass and others. However, such meth

ods are outside the scope of the present book, where the approach is essentially simplified. Besides this, the
empirical methods have been traditionally used, based on experience acquired ralsmeas of the world.

3.1.3.15.Surface organic loading rate
A Regions with warm winter and high sunshlme=240 to 350 kg B@ha.d

A Regions with moderate winter and sunshing=120 to 240 kg BQba.d
A Regions with cold winter and low sunshinks =100 to 180 kgB@ha.d

3.1.3.16.Minimum retention time in Facultative ponds
A ¢KS YSIyYy KeRNI}IdZ AO NBGSYdGA2Y GAYSV@OBDQREFEA0 Ay

where Vs the pond volume (m3)Q the wastewater flow through the pond (m3/d}is the pond
area (m2) andis the pond working liquid depth (m).

3.1.3.17.Land requirement of facultative ponds
A Actual formula for surface loading is B§6(1.107¢ 0.002T§ > * P

A Total BOBload is=A 10iQ/<s
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A T is the mean air temperature of the coldest month

3.1.3.18.Sludge accumulation in anaerobic pond
Design criteria for sludgeccumulation rate is 0.08.1m*per year per inhabitant.

A Annual accumulation=Population x accumulation rate
A Accumulation be maximum 1/3 of pond depth

A Anaerobic ponds need to be desludged when they are arounethiing full of sludge. This occurs
SOSNE Hbp &SFENRBRZ o0dzi AG Aada 2LISNIGA2yltfe oSdad

A Facultative ponds store any sludge for their design life, which is a significant operational
advantage.

3.1.3.19.Land requirement Maturation Ponds
A Areaofmaturatior ! Y THVA'Y KOHSEbndnamS*' Y0

A e=evaporation rate mm/day.
A D-depth range is 0.8 to 1.2 meters
A 'Y TwSiSylAazy -BdayS G NASa FTNBY o

3.1.3.20.Land requirement for Sludge drying beds
A The drying beds area should be ~0.02p=rson.

A Total areaequired for the ponds, including embankments, urbanization, internal roads, laboratory,
parking and others, is about 25% to 33% greater than net area calculated (Arceivala)

3.2.Floating wet lands

3.2.1.0verview of Treatment Wetlands

Treatment wetlands are natural treatment technologies that efficiently treat many different types of
polluted water. Treatment wetlands are engineered systems designed to optimise processes found in
natural environments and are therefore considered envimamtally friendly and sustainable options for
wastewater treatment. Compared to other wastewater treatment technologies, treatment wetlands have
low operation and maintenance (O&M) requirements and are robust in that performance is less susceptible
to input variations. Treatment wetlands can effectively treat raw, primary, secondary or tertiary treated
sewage and many types of agricultural and industrial wastewater. This volume focuses on domestic
wastewater treatment using treatment wetlands.

Treatment wetlands can be subdivided into surface flow and subsurface flow systems.

Subsurface flow treatment wetlands are subdivided into Horizontal Flow (HF) and Vertical Flow (VF)
wetlands depending on the direction of water flow. In order to prevent clogging of the porous filter material,
HF and VF wetlands are generally used for seany treatment of wastewater. VF wetlands for treating
screened raw wastewater have also been introduced and successfully applied. Thedledd-rench VF
wetlands provide integrated sludge and wastewater treatment in a single system and thus save on
construction costs, because primary treatment of wastewater is not required. Free Water Surface (FWS)
wetlands (also known as surface flow wetlands) are densely vegetated units, in which the water flows above
the media bed. In subsurface flow wetlands, thater level is kept below the surface of a porous medium
such as sand or gravel. FWS wetlands are generally used for tertiary wastewater treatment.
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Figure3-11: Overview schematics of treatment wetlands addressed in this volume. Top left: horizontal flow; top right: vertical flow;

middle right: French vertical flow, second stage; bottom: free water surface.

middle left: French vertical flow, first stage;
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Figure3-12: Schematic of constructed wet land

3.2.2.Floating Treatment Wetlands

Floating treatment wetlands represent a group of wetland technologies where a buoyant structure is used
to grow emergent macrophytes on a pond, lake, river or similar water body. Although the early applications
of floating treatment wetlands date back thé early 1990s, the development and implementation of the
technology has grown rapidly in recent decades. Floating treatment wetlands lend themselves to providing

ancillary benefits, such as enhancement of habitat and aesthetic values. Applicationdiog ftosatment
wetlands include:

Stormwater

Polluted water canals
CSsO

Sewage

Acid mine drainage
Animal production effluent
Water supply reservoirs

= =4 -4 4 A -8 -

A floating treatment wetland consists of emergent wetland vegetation growing on a mat or structure that
floats on the surface of a porike water body (Headley and Tanner, 2012). The plant stems remain primarily
above the water surface, while their roagsow down through the buoyant structure and hang in the water
column (Figure8.4). The plants grow essentially in a hydroponic manner, taking the majority of their nutrition
directly from the water column. A hanging network of roots, rhizomes and attaclodiihi forms beneath

the floating mat, which provides a biologically active surface area for biochemical processes to occur as well
as physical processes such as filtering and entrapment of particulates. Thus, a general design objective is
often to maximig the contact between the rodbiofilm network and the polluted water passing through

the system. The depth of root penetration will depend largely on the plant species used and the- physio
chemical conditions that develop in the water column below thetff@aplants.
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Figure3-13: Schematic of dypical Floating Treatment Wetland System

Naturally occurring floating marshes exist in many parts of the world, where the right combination of factors
has led to their development. However, the natural processes that lead to autonomous formation of large
seltbuoyant mats of emergent macrophytese relatively slow and difficult to control. Thus, floating
treatment wetlands are typically constructed using a floating raft or mat structure onto which suitable
emergent macrophytes are planted. These are often modular in design, so that smaller, eahleag
individual units are joined together as needed to form larger rafts. A range of materials has been used for
creating the floating rafts, including bamboo or plastic pipes and fabricated buoyant plastic mats made
specifically for supporting floating etland plants in a pond environment. The various construction
techniques vary in cost, durability and effectiveness.

3.2.3.Treatment Mechanism:

Treatment wetlands are complex wastewater treatment systems possessing a diverse set of pollutant and
pathogen removal pathways. Unlike other conventional wastewater treatment systems in which removal
processes are optimised by a series of separate urétratpns designed for a specific purpose, multiple
removal pathways simultaneously take place in one or two reactors.

3.2.3.1.Physical Processes:

Here, the physical presence of roots and the mat structure plays a crucial role. As wastewater moves around
and through these obstacles, particles and suspended solids can become trapped and settle. Over time,
these solids can be colonized by beneficiatrmofies and gradually broken down. Additionally, many
contaminants are adsorbed directly onto roots and mat substrates, effectively removing them from the
water column.

3.2.3.2.Biological Processes:

Roots provide a rich environment for diverse microbial communities. These microbes metabolize and
degrade many organic contaminants, converting them into less harmful substances or even into basic
elements like carbon dioxide. The plants themselves alsp @lvital role, drawing nutrients directly from

the wastewater. This process not only nourishes the plants but also removes nutrient pollutants.

3.2.3.3.Chemical Processes:

The rhizosphere, or the region surrounding plant roots, is a chemically activetienmge reactions mediated
by microbial processes can transform pollutants. For instance, metals might be precipitated-sslutae
forms, or toxic compounds might be broken down into simpler, less harmful molecules.
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Table3-5: Chemical Processes

Parameter Main removal mechanisms

Suspended solids

Sedimentation, filtration

Organic matter

Sedimentation and filtration for the removal of particulate organic matt
biological degradation (aerobic and/or anaerobic) for the removal

dissolved organic matter

Nitrogen

Ammonification and subsequent nitrification and denitrification, plant upta

and export through biomass harvesting

Phosphorus Pathogens

Adsorptionprecipitation reactions driven by filter media properties, plg

uptake and export through biomass harvesting

Parameter

Sedimentation, filtration, natural dieff, predation (carried out by protozo

and metazoa)

1. Adsorption
Drug residues, oil and

2.Biosorption
Heavy metals,
nutrients, etc.

4, Biodegradation
Biofilm covers the
matand the plant

3, Sedimentation
Suspendedsolids

3.2.4.Types of Floating Mats

® Root Exudates

ff,}’;b Rhizobacteria

H
Root Exudates =
2\ S

-
2. Degradation

Figure3-14: Enhancedremediation

Floating mats are foundational to thesgstems:
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3.2.4.1.Non-Buoyant Mats

Rooted in a more natural approach, these mats are made from permeable materials and rely entirely on the
buoyancy provided by the plants themselves. Over time, as plants grow and establish, these mats can
become more stable and buoyant, creating a-seffaining system.

3.2.4.2 Buoyant Mats

These mats are constructed from inherently buoyant materials such as specific plastics or foams. Engineered
with openings, plants grow through these pockets, allowing roots to access the water below. Their
construction ensures consistent buoyancy regarsliesplant growth.

Most floating wetland designs use polyethylene, polypropylene, polyurethane or polyvinyl alcohol foam to
ensure the buoyancy

Foam Mats
—+—[)/L018ml, — —
© Y / ©®
| 2 /A 1
g: \) Ii / \ \ .’1 /

H,0.1m || “
1

Hole, 2.54 cm Hole, 12.7 cm upper 2.54cm Aluminum
diameter 10.16 cm lower side border foil

Figure3-15: FoamMats

3.2.4.3.Bamboo Mats

Bamboo,a naturally buoyant materiafre also usedo make floating rafts for growing plants in the FWT
process (Rehman et al. 20198pr examplethe fresh bamboo was cut into the desired length to fit into the
circular tank without obstruction. Then, a hanthde singldayer bamboo raft of 38 croy 38 cm square in

shape was used to provide floatation and to support plants (Weragoda et al. 2012). Finally, a plastic net pot
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of 5 cm diameter was used to hold the plants without any growth medium, and it was positioned in the

E Ll
Figure3-17: Plants Grown on Bamboo Floating Mats
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3.2.4.4 Plastic mat

SourceH0pen Journal Vol 6 No 2, 173 doi: 10.2166/h20j.2023.032
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3.2.4.5.Modular Systems

These are modermnovations where individual floating units, often of geometric shapes like hexagons or
squares, can be interlocked. This design offers scalability, enabling the system to expand or contract based
on treatment needs.

3.2.5. Reductiomof Pollution Level

a) As per research studyhytoremediation of domestic sewage using a floating wetland and assessing the
pollutant removal effectiveness of four terrestrial plant speci€s2 y R dz@iivBkRaragu&and
Sathyanathan R!/@Department of Civil Engineering, SRM Institute of Science and Technology,
Kattankulathur, Tamil Nadu 603203, Indiay’ R LJdzo fHRGpéhIdrrnal Yol 6NG2 G KS STFA O
of Floating Wet Lands remained as follows:

This study demonstrated and evaluated the ability of terrestrial plant species such as C. indica, O.
tenuiflorum, Ch. zizanioides, and H. resaensis in the FWT to reduce pollutant concentration levels in
domestic sewage.

aThe floating wetland treatment with C. indica (F@1) was found to be the best in the removal of turbidity
(92.67%), TSS (96.46%), TP (98.33%), ammonia (95.58%), and DO (45.31%) but Ch. zizaniGidgps (FWT
showed the highest reduction for TDS (48.79%)),(85.91%), sodium (53.13%), potassium (74.77%),
phosphate (85.37%), EC (27.72%), COD (93.93%), BOD (95.11%), E. coli (47.19%), TH (30.23%), and p
(24.48%).

However, the other floating wetland system with O. tenuiflorum plant showed the highest removal for
turbidity (95.33%) and also effectively removed TP (94.17%), potassium (47.08%), ammonia (84.51%), DO
(43.75%), and EC (21.16%).

Additionally, FWHR (H. rosainensis) considerably removed pollutants from the municipal sewage like
turbidity (72.67%), TP (77.78%), TN (46.97%), potassium (43.85%), phosphate (65.85%), ammonia (46.02%),
DO (45.31%), EC (18.22%), COD (73.35%), and80D4). The findings of this research made it clear that
terrestrial plants had thaighest rate of removal of different pollutants from domestic sewage, ergihiag

that C. indica and Ch. zizanioides have significant potential for treating domestevwaes€.

BOD, COD removal, and E. coli removal

oMicroorganisms developed on the roots and rhizomes of the plants in floating wetlands are imperative in
removing organic matter from domestic wastewater. However, additional procedures, including filtration,
nutrient absorption, and oxygenation, remove anic compounds from the water column. The relationship
between BOD and COD is the primary factor in identifying the presence of organic matter and its
degradability. According to earlier studies, BOD/COD ratio grézder0.5 contains a more incredible

amount of organic matter. In the present study, this ratio ranged between 0.3 and 0.8, indicating the
absence of toxic components and the readiness in biodegradable condiiaisd et al. 2018

When domestic sewage was treated using C. indica and vetiver plants, the concentration of BOD was
dramatically reduced to 4.5 mg/L. Among all four FWT systems, BOD removal efficiency during thegHRT of O
25 days was the maximum f6WTFCZ at 95.11%. Based on the average removal rates, ®&IMaverage
88.28%) . FWIOT (average 87.21%)FWTFCZ (average 83.55%) . FWIR (average 57.79%Among all
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b)

FWTs, the BOD concentration was found to be statistically not signiffgatrding to previousublications,
biological oxygen demand levels were significantly lowered using floating wetlands; as a result, elimination
efficiency ranged from 87.2 to 95%r§japati et al. 201) The results of this investigation are also consistent
with earlier removal rates of BOD (93%®Efhman et al. 2019b

Concerning COD removal efficiency, both the C. indica and vetiver plant species showed COD removal rates
of max. 92.63% and min. 64.56% (avg. 85.07%), and max. 93.93% and min. 49.09% (avg. 78.59%),
respectively. In contrast, O. tenuiflorum and H. resensis plants achieved a maximum removal efficiency

of 87% and min. 80.94% (average 85.08%) and max. 73.35% and min. 12.18% (average 46.91%), respectively.
Among all FWTs, the COD concentration was found to be statistically not significant. The COD removal
efficiency of our study is higher than the findings of previous publications of 90% remoevatedly using

Vetiveria zizanioides (terrestrial planBdhman et al. 2019kand an average removal of 60% using Pistia
stratiotes (hydrophytes) and Eichhornia crassipes (free floating plard)apati et al. 2017 Tusief et al.

2019.

Out of four FWTs, those with C. indica and Vetiver grass considerably decreased the initial concentration of
E. coli, dropping to 850 and 870 MPN/100 mL with an efficiency of 46.88 and 45.63% to other treatments.
FWTOT and FWHR achieved the maximum andnimum removal efficiencies of 18.44 and 16.25% and
36.81 and 18.75%, respectively, at 25 days HRT. However, vetiver and C. indica plants showed higher E. coli
removal efficiencies of 47.19 and 45.63%, respectively, than the other two plant species. cilie E
concentration among all FWTs was found to be statistically signiféicant.

According to Afzal, M., et al. (2019). Floating treatment wetlands as a suitable option festalge
wastewater treatment. Nature Sustainability. 2(9):8881 https://www.nature.com/articles/s4189319
0350v.theresults of Sewage and Industrial Wastewater Stabilization Ponds in Faisalabad remained as
follows:
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Figure3-20: EffluentQuality

4. OPERATION AND MAINTENANCE OF STABILIZATIDREAONIENT
SYSTEM

Once the ponds have started functioning in steady state, routine maintenance is minimal but essential for
good operation. The main routine maintenance activities are:

1
1
1

)l

Removal of screenings and grit from the preliminary treatment units

Periodically cutting the grass on the pond embankments

Removal of scum and floating macrophytes from the surface of facultative ponds and maturation
ponds. This is done to maximize the light energy reaching the pond algae, increase swface re
aeration, and prevent fly and mosquito breeding

If flies are breeding in large numbers on the scum on anaerobic ponds, the scum should be broken
up and sunk with a water jet

Removal of any material blocking the pond inlets and outlets

Repair of any damage to the embankments caused by rodents or rabbits (or any other burrowing
animals)

Repair of any damage to fences and gates.

Further explanation of some operational measures is given below

4.1.Proper Pond Operation
Proper operation of a stabilization pond system primarily involves managing the influent and effluent flows,
and periodically inspecting the por@dshysical conditions. The influent flow rate should be managed to
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ensure the design hydraulic retention time is achieved, and the effluent should be sampled and tested
regularly to verify the system is performing as expected.

Additionally, periodic inspection of the pond embankments, spillways, inlet and outlet structures, and
aeration equipment (if any) is required. The growth of vegetation on embankments should be controlled as
it may damage the structure or interfere with pd operations

4.1.1.0Operating a pond system in series

For a system with more than one primary in series operation, wastewater is discharged first to one of the
primary pond(s). Then it tsansferred in succession to each additional downstream pond in the system.
Series operation is the recommended operation mode during the summer because of increased algae
levels caused by excessive nutrients, sunlight, and warmer water. Series opetiatiesmraore of the solid
material, including algae, to settle out before the operator transfers the ssrated wastewater to a
subsequent pond. Usirgslow transfer rate (six inches per day) keeps most algae and nutrients in the
upstream pond. Since algae increase the suspended solids in the effluent, minimizing algae in the
transferred water will ensure water in the subsequent pond will have a lowspended solids content.

Follow the procedures below to operate a two, three, four, or more ponds system in series. To operate a
two-pond system in series:

I.  Shut off all control structures or valves, to prevent water from flowing between the primary and
secondary pond. (The discharge structure must be closed.)

Il.  Create old water by holding it in the primary pond. When water depth in the primary pond is one
foot more than the depth in the secondary pond, transfer six inches per day from the primary to
secondary. (The discharge structure from the secondary pond bausksed.)

lll.  Continue to make old water and transfer six inches per day from the primary to secondary pond
each time the primary is one foot deeper than the secondary.

To operate a system greater than two ponds in series:

I.  Shut off all control structures or valves to prevent water from flowing between the primary and
secondary ponds. (The discharge structure must be closed.)

II.  Divert all influent flow into one of the primary ponds. (To avoid solids from building up, each year
alternate influent flow between the primary ponds.)

lll.  When water in this primary is one foot deeper than the other primary(s), transfer six inches of
water per day from one primary to the other primary.

IV. Continue to make old water. When water depth in last primary is a foot more than the secondary
pond, transfer six inches per day from last primary to the secondary. (The discharge structure must
be closed.)

V.  From then on, continue to make old water and transfer water each time the water in a pond is one
foot deeper than the downstream pond.

Notes:When using series operation for three or more ponds, only transfer between two ponds at a time to
reduce the potential for shortircuiting between ponds. Shexircuiting is when water bypasses the normal
flow path and reaches the outlet in less than thermal detention time, not allowing time for sufficient
treatment.
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slow enough to avoid transferring solids, particularly phosphorus, to the downstream pond. Excessive
phosphorus will increase algae growth.
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the secondary at a depth of three feet or more will avoid excessive weed growth during the summer

Figure4-1: Threecell SystemOperating inSeries

4.1.2.0perating a pond system in parallel

To operate in parallel, influent wastewater is discharged equally to all primary ponds by splitting the influent
flow and loading equallyParallel is the recommended operation type during winter because the overall
pond system is usually anaerobic. Parallel operation distributes the solids and organic loading over a larger
area, providing more treatment area when the pond is ice coveredidgical activity is low. Distributing

the CBOD loading helps avoid organic overload to one pond. (Note:-pdmasystem cannot be operated

in parallel.)

To operate a thregpond or larger system (two primary ponds and one secondary) in parallel:

I.  Shut off all control structures or valves to prevent flow between all ponds. (The discharge structure
must be closed.)

II.  Equally, split influent flow and loading between all primary ponds.

lll.  Create old water by holding it in all the primary ponds. When water in a primary pond is one foot
deeper than in the secondary pond, transfer six inches per day from that primary pond to the
secondary.

IV.  After that, continue to make old water and then transfer water each time the water in a primary is
one foot deeper than in the secondary.

Notes:
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A transfer rate of six inches péay is recommended because it is slow enough to avoid having solids,
particularly phosphorus, transferred to the downstream pond. Excessive phosphorus will increase algae
growth.

Do notallow the secondary to remain atdepth less than three feet for an extended period of time. Keeping
the secondary at a depth of three feet or more will avoid excessive weed growth during the summer.

4.1.3.Transferring water between ponds

When transferring water between ponds, follow these steps:

1. Create old water within each pond.

2. Transfer no more than six inches per day from the upstream pond.

3. As soon as possible, fill the secondary pond to a depth of at least three feet to avoid weed problems
in the summer.

4. lIsolate the secondary pond at least 30 days before the first discharge or irrigation. After that, you
will need to isolate for only three to four days.

Elevation difference

1 A properly designed stabilization pond system should have at least ddouelevation difference
between the primary and secondary ponds (Figw®.6With this elevation difference, a twioot
level in the primary corresponds to a -$oot level in thesecondary. After discharging from the
secondary pond, the elevation difference allows the operator to discharge the primary pond and
refill the secondary pond to its maximum depth entirely by gravity.

1 When a pond system does not have an adequate elevation difference, the operator will need to use
a portable pump to transfer water. As a guide, to pump six inches of water per day, you will need a
100 gallonper-minute pump for every one acre of pond fromhich you are pumping. For example,
if you need to transfer six inches of water from a-aixe pond, you will need a 600 gallpar-
minute (gpm) pump (six acres times 100 gpm per acre).

1  When pumping, do not place the intak@le of the piping near the bottom of the pond. Instead,
use the control structure by pumping from one side of the divider wall to the other.

Figure4-2: Elevation difference between ponds

If that is not possible, use a floatation device to support the intake piping that is just below the pond surface.

After discharging four feet from the secondary pond, if additional discharge(s) are needed, the operator will
use gravity or a pump to transfer water from the primary until the secondary pond depth reaches six feet.
After filling the secondary, wait threer four days to allow time for the water to clarify before takingpre
discharge samples.
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Control structures

Operators use control structures to regulate water levels to reach their goal of producing old water
in order to produce a quality effluent that meets REQ3equirements. Some control structures
can be used not just to control the water level, but also to measure flow and water depth, sample,
as an access point for pumping, and, when necessary, to add and mix chemicals.

Water level is controlled by adjusting slide gates, valves, or similar devices in the structure. Using
slide gates or a telescoping valve allows the operator tegglect the desired water depth.

Common Pond Colour

The colour of a stabilization pond is often a good indicator of its health. Anaerobic ponds are usually black
or grey due to the anaerobic conditions and theduction of sulfides. Facultative ponds often exhibit a
greenish color due to the growth of photosynthetic algae in the top layer. Aerobic or maturation ponds are
typically clear with a slight green tint, indicating good health and efficient treatmenytsignificant changes

in pond colour should be investigated, as it could indicate operational problems.

Table4-1: Common Pondbolor

Pond Colour Often indicates
Dark green Normal primary pond operation
Light Green Normal secondary pond operation; indicates proper transfer and redt
loading
Dark pea Soup Sometimes occur in primary pond during summer
Black or Grey In summer indicates overloadingoo much CBOD
Blackish Green Indicates presence diflue green algae

Red Streaks or Pink | Red Streaks are typically caused by Daphnia under stress due to inade
oxygen level. Pink could indicate presence of purple sulfur bacteria in anae
condition or red algae in aerobic conditions

4.1.4.0perational Staff:

Operational staff are responsible for the daily management of the pond system, including monitoring and
controlling influent and effluent flows, inspecting and maintaining pond structures, managing any aeration
equipment, and testing effluent quality. Thekould be well trained in the principles of pond operation and
the interpretation of effluent test results. In case of any problems or issues, they should be capable of
identifying the cause and implementing appropriate solutions.

As a rough guide one fitime operator is required at WSPs receiving wastewater flows up to about 1,000
m3 /d, two operators for wastewaters flows up to about 2,500 m3 /d and pro rata for higher flows. A
foreman/supervisor is required at sites treating redhan 5,000 m3 /d; and should also keep a record of all

maintenance activities, measure and record the wastewater flow and carry out routine effluent sampling.
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All WSP operators should receive adequate training so that they understand what they have to do and how
to do it correctly. If, for example, the pond operators have not been told to remove scum from facultative
ponds and maturation ponds, they will not kmdhat it should be removed. As a result, scum can cover a
substantial part of the pond, algal photosynthesis becomes impossible, and the pond turns anoxic

4.1.4.1.0Operation Startip
Loading of the ponds

The initial loading of the ponds can be done by means of one of the two procedures described below. The
loading should be performed preferably in summer, when temperatures are higher.

a) Filling of the pond with water pumped frorthe MCsupply system
1 Fill the pond with a minimum water depth, preferably reaching 1 m.
1 Close the outlet devices.
1 Begin the introduction of sewage until reaching the water depth adopted in the design.
The adoption of this procedure:
1 prevents the uncontrolled growth of vegetation, which occurs in conditions of low water depth;
1 allows testing of the watertightness of the system;

1 enables the correction of occasional problems resulting from a deficient compaction (before the
introduction of sewage).

b) Filling of the pond with a mixture of water pumped froMC water supply systenand wastewater to
be treated

w aAE GKS 6148086 GiSNIIFYR GKS 61 GSNI oRAfdziA2y (i
T Fill up the pond to a depth of approximately 0.40 m
1 Await some days, until the appearance of algae is visible

1 In the subsequent days, add more wastewater, or wastewater/water mixture, until algal blooming
occurs

Interrupt feeding for a period of 7 to 14 days
Fill up the pond with wastewater until the operation level
Interrupt the feeding

Await the establishment of a population of algae (around 7 to 14 days)

= = =4 -4 -

Feed the pond normally with the wastewater

Should no water be available, the ponds can be filled up with raw sewage and left for about 3 to 4
weeks, in order to allow the development of the microbial population. Some odour release will be
unavoidable in this period (Mara et al, 1992).

The whole loading period should be monitored by operators with experience in the process. The
total loading period can last 60 days, until a balanced biological community is established in the
medium.

The following two procedures should be avoided:
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1

the slopes, accumulating decomposable solids and releasing Feed with the wastewater load adopted
in the design, but without a balanced biological community established in the pond. If this happens,
the pond will suffer from anaerobiosis, with release ofilmadours. The reversal of the anaerobiosis
process can take two months.

Feed the ponds with small, continued loads, which frequently occur when there are few housing
connections. In this case, as the soil is not clogged yet, the liquid could percolate through bad odours.

4.1.4.2.Beginning of operation of anaerobic ponds
The beginning of the operation of anaerobic ponds requires the following procedures:

A Begin the introduction of sewage according to the recommendations in Seattiove

A Maintain the pH of the medium slightly alkaline (7.2 to 7.5)fauilitate the occurrence of these

conditions, digested sludge from sewage treatment plants or from Imhoff tanks, or limestone,
vegetable ash or sodium bicarbonate can be added after 30 days of operation.

Anaerobic ponds should be startegh after the facultative ponds. This avoids the release of odours
from the discharge of anaerobic effluents into an empty facultative pond. Should the concentration
of raw sewage be very low, or its flow be small in thgibring of the operation of the system, it
would be better to divert the raw sewage to the facultative pond, until a volumetric organic load of
at least 0.1 kgBOD/m .d is reached in the anaerobic pond (Mara et al, 1992). If there is more than
one anaerobipond in parallel, only one pond could be loaded, so that the load applied to this pond
is the same as or higher than the minimum value of 3 0.1 kgBOD/m .d.

4.1.4.3.Beginning of operation of facultative ponds
The following procedures are recommended (CETESB, 1989):

f
f

f

Begin the introduction of sewage according to the recommendations of Seattiove

The maintenance of a slightly alkaline pH should happen naturally, in case the recommendations of
Sectionaboveare followed.

Measure the dissolved oxygen daily.

4.1.4.4.Beginning of operation of pondis-series systems

The ponds located downstream of the primary pond can be stangdccording to the following
recommendations (CETESB, 1989):

Begin the filling of the ponds when the water depth in the primary pond reaches a minimum value
of 1.0 m.

Close the outlet devices of the ponds.
Water should be added to the ponds until a depth of 1.0 m is reached.

When the primary pond reaches the operational level, its effluent can be directed to the subsequent
cell, taking the following precautions:

1 Remove the stojlogs slowly, preventing the water depth of the previous unit from dropping
below 1.0 m

1 Do not perform bottom discharge operations from the primary cell

1 Equalise the water depth in all ponds slowly
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1 Avoid the situation in which a pond is totally full, while the subsequent unit is empty

4.1.5.Main Operational Problems of Anaerobic Ponds and their Possible Solutions:
Operational problems with anaerobic ponds can include excessive odour production, pond crusting or scum
formation, and overloading.

Table4-2: Main operational problems of anaerobic ponds and their possible solutions

Problem: bad odours

Causes
1 Sewage overload and small detention time

1 Very low load and an excessively high detention time (the pond behaves as a facultatiy
with the presence of DO in the liquid)

1 Presence of toxic substances

1 Abrupt fall of the wastewater temperature

Prevention and control measures

1 Recirculate the effluent from the facultative or maturation pond to the inlet of the anaer
pond (recirculation ratio of approximately 1/6)

1 Improve the distribution of the influent to the pond (distribution by perforated tubes on
bottom of the pond)

1 In case of overload apply occasional partiabhgs to the facultative pond (if it supports tf
increased load)

1 Inthe case of long detention times, operate with only one anaerobic pond (if there are ty
more ponds in parallel)

1 Add sodium nitrate to several points of the pond

1 Add lime D12 g/m3 of the pond) to raise the pH, reducing the acid conditions responsible

9 the inhibition of methanogenic organisms and for the larger presence of sulphide in the
toxic form

Add products that remove sulphides

Avoid the addition of chlorine, because it will cause subsequent problems to the restart
biological activities

Problem: proliferation of insects

Causes
Screened material or sand removed not conveniently disposed of
Growth of vegetation where the water level is in contact with the internal slope

Oil and scum layer always present

=A =2 =4 =

Poor maintenance
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Prevention and control measures
1. Bury the material removed from the screens and grit chambers
2. Cut the grown vegetation
3. Revolve, with a rake or water jet, the layer of floating material that covers the ponds
4

Apply carefully insecticides or larvicides to the scum layer

Problem: growth of vegetation

Causes

Inadequate maintenance

Prevention and control measures

1 Aguatic vegetation (that grows on internal slopes): total removal, preventing it from falli
the pond

1 Terrestrial vegetation (that grows on external slopes): remove weeds from the soil
chemical products for control of weeds

Problem: green patches where the water level is in contact with the slope

Causes

A Proliferation of algae, in view of the small depth in the water lestepe section

Prevention and control measures

A Remove the algae colonies

Problem: surface of the pond covered with a scum layer

Causes

A Scum, oils and plastics

Prevention andcontrol measures

A No measure needs to be taken: the scum layer is totally normal in anaerobic ponds, hel
maintain the absence of oxygen, to control the temperature and to hinder the release g
odours

4.1.6.Main operational problems of facultative ponds and their possible solutions
Table4-3: Operational Problemsf Facultative Ponds

Problem: scum and floating material (preventing the passage of light energy)

Causes

Excessive blooming of algae (forming a greenish surface)
Discharge of unwanted material (e.g.: rubbish)

Sludge lumps released from the bottom

Little circulation and wind influence

=A =4 -4 =4
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Prevention and control measures

1 Break the scum with water jets or with a rake (broken scum usually sinks)
1 Remove the scum with cloth sieves, burying it later
9 Break or remove the sludge lumps
1 Remove physical obstacles to penetration of the wind (if possible)
Problem: bad odourgaused by overload
Causes
A Overload of sewage, causing lowering of the pH, reduced DO concentration, change
effluent colour from green to yellowish green (predominance of rotifers and crustaceans,
eat algae), appearance of grey zones close to the influent, and badodour
Prevention and control measures
1 Change the operation of the ponds from serial to parallel
1 Remove temporarily the problematic pond from operation (provided there are at least tw
ponds in parallel)
9 Recirculate the effluent at a ratio of 1/6
1 Consider the adoption of multiple inlets, to avoid preferential paths
1 In case of consistent overloads, consider the inclusion of aerators in the pond
9 Add occasionally sodium nitrate, as a supplementary source of combined oxygen
Problem: bad odours caused by poor atmospheric conditions
Causes
{1 Long periods with cloudy weather and low temperature
Prevention and control measures
1 Reduce the water depth
91 Put apond in parallel in operation
Problem: bad odours caused by toxic substances
Causes
Toxic substances from industrial discharges, generating sudden anaerobic conditions
pond
Prevention and control measures
1 Perform a complete physiaahemical analysis of the influent, in order to identify the poss
toxic compound
1 Identify, in the catchment area, the industry causing the discharge, taking the mes
provided for by the legislation
9 Isolate the affected pond
9 Place a second unit in parallel in operation, provided with aeration, if possible

Problem: bad odours caused by hydraulic short circuits

f
f
1

Causes
Poor distribution of the influent
Dead zones resulting from the excessive utilisation of the contours when shapinmptite

Presence of aquatic vegetation in the pond
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Prevention and control measures

1 Collect samples at several points in the pond (e.g.: DO) to verify whether there are sigr
differences from one point to another
1 Incase of multiple inlets, provide a uniform distribution of influent flow in all inlets
1 Incase of a simple inlet, build new inlets
1 Cut and remove aquatic vegetation
Problem: high concentrations of algae (SS) in the effluent
Causes
1 Environmental conditions that favour the growth of certain algae populations
Prevention and control measures
1 Remove the effluent submerged through baffles, which retain the algae
1 Use multiple cells in series, with a small detention time in each cell
1 Undertake the postreatment of the effluent from the pond, to remove excessive SS
Summer Algae
1 Problem: proliferation of insects
Causes
1 Presence of vegetation on the internal slopes of the ponds in contact with the water leve
Prevention and control measures
1 Reduce the water level, causing the larvae trapped in the vegetation of the slopes to disi
when the area dries
9 Operate the pond with variation in the water level
1 Protect the internal slope with concrete plates, reinforced mortar, geomembrane, etc
1 Place fish in the pond, such as carps
1 Destroy the scum
1 Apply chemical products judiciously
Problem: vegetation inside the pond
Causes
1 Low operational level of the pond (below 60 cm)
1 Excessive seepage
1 Low wastewater flow
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Prevention and contromeasures

Operate the ponds with a level higher than 90 cm
Cut the vegetation on the internal borders, preventing it from falling in the ponds
Protect the slope internally with concrete plates, reinforced mortarsrap, geomembranes
etc

1 Remove the vegetation inside the pond with canoes or dredges (lower the water le
facilitate the operation)

4.2. Troubleshooting
Troubleshooting in a stabilization pond system often involves identifying changes in effluent quality or pond
conditions (like colour or odour), determining the cause, and implementing a solution. Common causes of
problems can include changes in the infiiad or characteristics, equipment failure, structural problems,

or changes in environmental conditions. Solutions might involve adjusting influent flows, repairing or
replacing equipment, repairing structures, or adjusting operational procedures. d&emgualnitoring and
prompt attention to any identified problems are crucial to maintain the sy$Besffective operation.
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Table4-4: Weeds andrees
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Problem| Observation Harmful effect Pigzzzle Possible solution
Cattails | Excessive Damages seal w [26 6|lwtdAf ySég IANR G
and growthalong |w wSRdzOSa |level w [26SNI g (SN
bulrushes| dikes in shallow] @ t NP ARS & w [ | O] then raise water 3 ft above
water area; habitat maintenance the top of the plant
usually inwaterf @ 9y 02dzN} 3w { SSR |w {LIN}I& gAGK |
less than 3 ft muskrats cattails herbicide
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circuiting close to ponds
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action
Small | Normallyfound| @w w22 G& | N Lackofproper |wt dzf £ ySé 3INRS
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shallow water | damage seal growth
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appearance
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weed | floating plant hinder sunlight through 5 mg/L, should not cause
w [ 22171 a| penetration September problem
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carpet coverage usually not | duck wings removing weeds, trees, etc.
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three-leaf and cause odors w vdASi|w | SNDAOARSA Y
types lack of term
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Problem| Observation Harmful effect P::c;tl)glzle Possible solution
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nights

Figure4-3: Cattail

4.3. Operation and Maintenance of Wetlands

WSGf I yRa | Nytems.yAs @ deblilt, foperation is mostly passive and requires little operator
intervention. Operation involves simple procedures similar to the requirements for operation of a facultative
lagoon. The operator must be observant, take appropriate actionsrwgroblems develop, and conduct
required monitoring and operational monitoring as necessary. The most critical items in which operator
intervention is necessary asgljustment of water levels

1 Maintenance of flow uniformity (inlet and outlet structures)
Management of vegetation
Odor control

Control of nuisance pests and insects
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Maintenance of berms and dikes

4.3.1.Water Level and Flow Control

Water level and flow control are usually the only operational variables that have a significant impact on a
welFRSAA3IYy SR O2yaidNHzZOGSR oSGt yRQA LISNF2NXIyOSo / Kl
time, atmospheric oxygen diffusion into tivater phase, and plant cover. Significant changes in water levels
should be investigated immediately, as they may be due to leaks, clogged outlets, breached berms, storm
water drainage, or other causes.

4.3.2.Maintenance of Flow Uniformity

Maintaining uniform flow across the wetland through inlet and outlet adjustments is extremely important

to achieve the expected treatment performance. The inlet and outlet manifolds should be inspected
routinely and regularly adjusted and cleaned of debinat may clog the inlets and outlets. Debris removal

and removal of bacterial slimes from weir and screen surfaces will be necessary. Submerged inlet and outlet
manifolds should be flushed periodically. Additional cleaning with a-wighsure water sprayr by
mechanical means also may become necessary.

Influent suspended solids will accumulate near the inlets to the wetland. These accumulations can decrease
hydraulic detention times. Over time, accumulation of these solids will require removal.
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4.3.3.Vegetation Management

Routine maintenance of the wetland vegetation is not required for systems operating within their design
parameters and with precise bottomepth control of vegetation. Wetland plant communities are self
maintaining and will grow, die, and regrow each y@&dants will naturally spread to unvegetated areas with

adzA G otS SYy@ANRBYYSydla 6Sdads RSLINK GgAGKAY LI |y
environmentally stressful. Operators must control spreading into open water areas that are intended by
dedgn to be aerobic zones through harvesting.

The primary objective in vegetation management is to maintain the desired plant communities where they
are intended to be within the wetland. This is achieved through consistent pretreatment process operation,
small, infrequent changes in the water levelad harvesting plants when and where necessary. Where plant
cover is deficient, management activities to improve cover may include water level adjustment, reduced
loadings, pesticide application, and replanting.

Harvesting and litter removal may be necessary depending on the design of the system. Plant removal from
some wetlands may be required to meet the treatment goals, but a-gedigned and welbperated FWL
system should not require routine harvesting. Harvestinglahtsat the height of the growing season and

just before the end of the growing season does help to remove some nitrogen from the system, but
phosphorus removal is limited (Suzuki et al., 1985).

4.3.4.0dor Control

Odors are seldom a nuisance problem in properly loaded wetlands. Odorous compounds emitted from open
water areas are typically associated with anaerobic conditions, which can be created by excessive BOD and
ammonia loadings. Therefore, reducing the orgaarid nitrogen loadings can control odors. Alternatively,
aerobic open water zones interspersed in areas between fully vegetated zones introduce oxygen to the
system. Turbulent flow structures such as cascading outfall structures and channels with hydnajpgic

which are employed to introduce oxygen into the system effluent, can generate serious odor problems
through stripping of volatile compounds such as hydrogen sulfide, if the constructed wetland has failed to
remove these constituents.

4.3.5.Control of Nuisance Pests and Insects

Potential nuisances and vectors that may occur in FWS wetlands include burrowing animals, dangerous
reptiles, mosquitoes, and odors. An infestation of burrowing animals such as muskrats and nutria can
seriously damage vegetation in a system. These anusal$oth cattails and bulrushes as food and nesting
materials. These animals can be controlled during the design phase-lsyedsing the slope on berms to

5:1 or using a coarse riprap. Temporarily raising the operating water level may also discouragenis.

Live trapping and release may be successful, but in most cases it has been necessary to eliminate the animals.
Fencing has had little success.

4.3.6.Maintenanceof Berms and Dikes

Berms and dikes require mowing, erosion control, and prevention of animal burrows and tree growth. If the
trees are allowed to reach maturity, they may shade out the emergent vegetation and with it the necessary
conditions to enhance flocculation, sedimatibn, and denitrification.

4.3.7.Plant Health:
Plants are the heart of the system. Regular health checks ensure that they are growing well, free from
diseases or pests, and are effectively drawing pollutants from the water.

4.3.8.Hydraulic Loading:

LGiQa SaaSydalrt G2
aeaisyQa RSardy
stagnation.
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4.3.9.Sediment Buildup:
Over time, sediment accumulation can impact water flow and reduce system efficiency. Periodic removal
ensures optimal operation.

5. MAINTENANCE RECORDS AND EFFLUENT QUALITY MONITORING

5.1.Compliance with Effluent Standards and Regulations

Compliance with effluent standards and regulations is a critical aspect of wastewater treatment. Depending

on the jurisdiction, certain standards must be met concerning the quality of the treated water before it can

be discharged into the environment. Thypically includes limits on parameters such as Biological Oxygen
Demand (BOD), Chemical Oxygen Demand (COD), Total Suspended Solids (TSS), nutrient content (nitrogen
and phosphorus), and pathogen content. Regular testing of the effluent is necessansuce ghese
standards are being met, and any noompliance must be promptly addressed.

Table5-1: Effluent standards

‘ SR. NO PARAMETER UNIT NEQs (Into inland waters)
1 Temperature increase c° X o
2 PH 06to9
3 TSS mg/l 200
4 TDS mg/| 3500
7 COD mg/I 150
8 BODR mg/l 80
9 Oil & Grease mg/l 10
10 Phenol mg/l 0.1
11 Cadmium (Cd) mg/l 0.1
12 Chromium (Cr) mg/I 1
13 Copper mg/l 1
14 Iron mg/I 8
16 Mercury mg/l 0.01
17 Chlorides mg/I 1000
18 Fluoride mg/l 10
20 Led .Pb mg/I 0.5
22 Ammonia NH3 mg/l 40
23 Manganese mg/l 15
24 Sulphate mg/l 600
25 CN mg/l 1
26 Zn mg/l 5
27 Arsenic. AS mg/| 1
28 Lead Pb mg/l 0.5
30 Nickel(Ni) mg/l 1
31 Total toxic metals mg/l 2
32 Chlorine mg/l 1
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5.2.Principal Causes of Effluent Quality Loss

The loss of effluent quality can occur due to various factors inclumiegoading of the system (hydraulic

or organic), inadequate retention time, inadequate or ineffective treatment processes, changes in influent
characteristics, structural or equipment failures, and adverse environmental conditions (like low
temperatures o lack of sunlight). A thorough understanding of the sy€gedesign and operation, as well

as regular monitoring and maintenance, can help prevent or quickly resolve these issues.

Potential causes and solutions of problems are summarized in the table below:

Table5-2: Problems and solutions

Containment Typical effluent Deviation Potential causes Potential solutions
concentration
TSS 10-150 >50 Algal growth Out let shading
Sludge build up Desludge
BOD 15110 >40 Algal growth Out let shading
Sludge build up Desludge
NH4N winter 0.5-30 >15 Cold temperature Desludge
Sludge build up Reduce load
Low DO
Overloading
NH4N summer 0.1-10 >5 Sludge build up Desludge
Low DO Reduce load
Overloading
DRP 2-12 >6 High influent concentration Desludge
Sludge build up
TP 4-16 >8 High influent concentration Desludge
Sludge build up
ECOLI 2000:50,000 >10,000 Short circuiting Improve hydraulics
FC 5000-100,000 >20,000 Short circuiting Improve hydraulics

5.3.Daily Inspection and Occurrence Record

Regular daily inspections are crucial for identifying potential issues early and maintaining the effective
operation of the system. Inspections should cover all aspects of the system including the physical condition
of the ponds and associated structurepgeration of any equipment (like pumps or aerators), and observable
characteristics of the ponds (like colour and odour). Any occurrences or changes noted during inspections
should be recorded. This can help in identifying trends, troubleshooting problaents,planning for
maintenance.

Daily Record Sheet

Table5-3: DailyRecordSheet

WeatherConditions
Weather (sunny, cloudy, rainy)

Wind (none, weak, strong)

Yes NO Comment / location /

Item .
guantity / measures
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Observations in the pond

Is there sludge rising in the pond?

Are there green patches on the surface?

Are there blaclpatches on the surface?

Are there oil stains on the surface?

Is there vegetation in contact with the water? Is
there erosion on the slopes?

Is there visible seepage?

Are birds present?

Are insects present?

Other aspects

Are the fences in good condition?

Are the stormwater ditches clean?

Is the flow meter working?

Have weeds been removed?

Has scum been removed?

Have solids been removed from the screen?
Has grit been removed from grit chamber?
Has there been any power failure?

Has the bypass to the receiving body been used?

5.4. Measurement and Sampling Program:

A regular measurement and sampling program should be established to monitor the effluent quality and
ensure compliance with effluent standards. Tiyigically involves taking regular samples of the effluent and
testing for various parameters. The frequency and timing of sampling can depend on the specific
characteristics of the system and the influent, as well as the requirements of the local regw@dathority.

Various parameters are discussed as follows:

71 Dissolved oxygel(iDO) is the oxygen concentration existing in a solution (dissolved) with water. It
is available for fish to breathe and aerobic microorganisms to utilize. If not present at certain
levels, aquatic life cannot be sustained. Dissolved oxygen can be addedetoin several ways:
by aeration equipment, turbulent flow, algae, or wind. Whatever the mechanism, dissolved oxygen
is of major importance for good wastewater treatment.

1 Temperatureg as the temperature of water rises, its ability to hold dissolved oxygen decreases.
Knowing how much oxygen water can hold (determined by its temperature), plus knowing the DO
value present (after conducting a DO test), will determine whether you needidomore oxygen.

The farther the DO value is below the holding capacity of the water, the more oxygen you can add.
At zero degrees Centigrade and at sea level, the most oxygen that will dissolve in water is 14.6 mg/L.
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At 20 degrees Centigrade, the most oxygen is about 9 mg/L. However, because of excessive algal
activity, stabilization ponds have been known to hold more than 14.6 mg/L (often as hig38s 25
mg/L). This condition of water holding more oxygen than noilisablled supesaturation.

Biochemical oxygen demanBOD); BOD measures the amount of oxygen needed by bacteria to
decompose organic matter and some inorganic chemicals such as ammonia and nitrite under aerobic
(in the presence of oxygen) conditions. Normal domestic wastewater contains abo@520@1g/L

of BOD with each person contributing about 0.17 pounds per day to the waste stream. The BOD test
is conducted for a period of five days in an incubator at 20 degrees C. The higher the BOD, the more
organic and inorganic pollutantge in the sample, and more oxygen is needed by the bacteria to
decompose the organic material. The lower the BOD, the less pollutants in the sample; less oxygen
is needed for decomposition. The teB®ODs used both for the analysis and to describe the strength

of the waste in terms of pollution potential.

Carbonaceous BO{@BODY CBOD analysis is similar to BOD analysis, except that before incubation,
a chemical is placed into the sample bottle that inhibits the bacteria that nitrify, or break down the
nitrogen compounds in the sample. This means only the remaining oorcédised (carbonaceous)

BOD will be analyzed by the test. Most pond systems in Minnesota report CBOD test results on their
Discharge Monitoring Report (DMR), as nitrifying bacteria are not active in a pond system in cold
weather. The CBORest then gives a more accurate assimilation of the breakdown of organic
material in a pond system.

Chemical Oxygen Demarf@OD}), COD analysis, relies on the oxygen used durindgpteéakdown

of the organic and inorganic compounds in a

sample containing chemicals, not bacteria like BOD test. COD does not measure the oxygen
consuming potential associated with certain dissolved organic compounds, but it will gjiveka
estimate of the strength of a sample, which indicates its pollution potential. A COD test takes only
two hours compared to five days for a BOD test, making it much more applicable for process
control. Municipal facilities that accept septage or intlizd waste useahe COD test to determine

I gFadsSQa STFSOO 2y (GKS aedadSy o0ST2NB (GKSe& | ff
DMR reporting purposes.
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Table5-4: Solubility ofOxygen inWater (mg/L)

°C °F o, °C °F o,
0 320 | 146 | 26 | 788 8.2
1 33.8 | 141 | 27 | 80.6 8.1
2 35.6 | 13.8 | 28 | 82.4 7.9
3 37.4 | 135 | 29 | 84.2 7.9
4 39.2 | 13.1 | 30 | 86.0 7.6
5 410 | 128 | 31 | 87.8 7.5
6 428 | 125 | 32 | 896 7.4
7 446 | 122 | 33 | 914 7.3
8 46.4 | 119 | 34 | 93.2 7.2
9 482 | 11.6 | 35 | 95.0 7.1

10 500 | 113 | 36 | 96.8 7.0

11 51.8 | 11.1 | 37 | 986 6.9

12 536 | 10.8 | 38 |1004 | 6.8

13 55.4 | 10.6 | 39 |102.2 6.7

14 57.1 | 10.4 | 40 | 1040 | 6.6

15 59.0 | 102 | 41 |1058 | 65

16 60.8 | 100 | 42 | 1076 | 6.4

17 62.6 9.7 | 43 |1094 | 63

18 644 | 95 | 44 |111.2 6.2

19 66.2 9.4 | 45 |113.0 | 6.1

20 68.0 9.2 | 46 1148 | 6.0

21 69.0 9.0 | 47 |1166 | 5.9

22 71.6 8.8 | 48 1184 | 58

23 734 | 87 | 49 |120.2 5.7

24 75.2 85 | s0 |122.0 | 56

25 77.0 84 | 51 |1238 | 55

A Total suspended solidéTSS§ TSS represent the portion of the total solids load that is not
dissolved. To determine TSS, a specific volume of samptaured through a preveighed filter
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pad. The filter pad is weighed again after drying in an @tet03 to 108Cto remove all the

water. The gaimn dry weight (in milligrams) is then compared

to the volume of sample (in milliliters) that was poured through the fittad. The final resultare
expressed in milligrams per liter. TSS usually corresponds with BOD. If a sample tests high for TSS,
the BOD usually tests high also. If the TSS result is low and the BOD result high, it may mean that
the BOD is caused by dissolved organic or inorgamgpounds.

Sampling program

Sampling progranform for daily, weekly, Monthly and occasional is given as below:

Table5-5: Sampling program

Measurem. / Facultative Aerated
Frequency Parameter analysis Influent pond lagoon Effluent
Daily Flow (m?/d) In situ X X
Air temperature (°C) In situ
Liquid temperature (°C) In situ X X X X
pH In situ X X X X
Settleable solids (mL/L) In situ X X
Dissolved oxygen (mg/L) In situ X X
Weekly Total BOD (mg/]) Central lab. X X
Total COD(mg/1) Central lab. X X
Filtered BOD or COD (mg/L) Central lab. X
Faecal coliforms (or E. coli) (org/100 mL) Central lab. X X
Total suspended solids (mg/L) Central lab. X X
Volatile suspended solids (mg/L) Central lab. X X
Monthly Organic nitrogen (mg/L) Central lab. X X
Ammonia (mg/L) Central lab. X X
Nitrate (mg/L) Central lab. X
Phosphorus (mg/L) Central lab. X X
Sulphate (mg/L) Central lab. X X
Sulphide (mg/L) Central lab. X X
Alkalinity (mg/L) Central lab. X
Oils and greases (mg/L) Central lab. X X
Occasional Counting of zooplankton Central lab. X
Counting of phytoplankton Central lab. X
Main genera of algae Central lab. X
DO produced by photosynthesis (mg/L.h) In situ X
DO consumed by respiration (mg/L.h) In situ X
Hourly flow (m3/h) (24h,every h) In situ X
Hourly DO (mg/L) (24h,every h) In situ X X

5.5. Information neededor a pond system
When keeping records for a pond system, include the following information:
I.  Plans andspecifications
Keep a complete set of dmiilt drawings of the facility available. Record and include on the
drawings any changes made, such as piping and electrical changes.
Il.  Operating records
Keep records that are detailed enough to enable you to continuously evaluate collection system
and pond system performance. Maintain records indicating the amount of time spent on each
operation.
lll.  Maintenance records
Keep records of facility equipment, its service requirements, the service schedule, the work
performed and when it was completed. To maximize usefulness, keep these records permanently:
1 Equipment inventory
1 Operation and maintenance instructions
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Equipment specifications from supplier
Spare parts inventory

Where spare parts can be purchased
Preventive maintenance records
Preventative maintenance schedule
Service record cards

5.6. Suggested maintenance forms

Following tvo maintenanceformsare suggested whiclyill help you keep track of equipment maintenance:
1. A preventive maintenance car@igble56)
2. An equipment maintenance recordgble57)

= =4 —a —Aa -—a -8

Make a preventive maintenance card for each piece of equipment. Each card should contain:

=

The type of equipment

The nameplate data

The location of the equipment

The installation date

The approved preventive maintenance schedule

Special lubricants specified by the manufacturer

A reference to troubleshooting information that may be included in instruction manuals
Space for the person doing the maintenance to initial and date the card

Space to note any unusual problems and corrective maintenance that was done

= =4 -4 A4 -—a -8 _—a -2

Table5-6: Preventive Maintenance Card

Equipment Serial number
Manufacturer Installation date
Preventive maintenance Schedule dates

67



Table5-7: Equipment Maintenance Record

Equipment Serial number

Manufacturer Location Attachments:

Modification/repair

Date Description of work done Partsnew or required Person hours By

5.7.Operation and maintenance costs
Summarize operation and maintenance costs monthly. These records will help you:

1 Determine the efficiency of the treatment process
1 Decide spare parts inventories
1 File the annual report

You may also find them useful to compare the treatment cost per million gallons of wastewater with
equivalent costs from other communities of similar size. Large cost differences between communities point
to inefficiencies in operation and maintenance.

Annual report

Maintaining a summary of plant performance and costs will allow you to evaluate performance and prepare
a budget. Evaluate costs monthly. Then use your monthly operation records to prepare an annual summary
of operating data and costs. To determine usearges, you will need records of waste loads received from
industries. See an example of information that may be required in an annual regloxt.

Table5-8: Annual Report for Plant Performance

Annual Report for(facility/year)

Operating data Notes Total
Connected population
Flow, MGD

Summer average

Winter average

Screenings (cu ft/day)
BOD
Influent, mg/L
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Effluent, mg/L

% reduction

TSS

Influent, mg/L

Effluent, mg/L

% reduction

pH

Effluent, max

Effluent, min

Others

Table5-9: Annual Report fo€ost

Costdata Notes Cost

Labor

Chemicals

Maintenance

Supplies

Vehicleoperation

Utilities

Miscellaneous

Total costs

Budget

5.8.Key Wastewater Quality ParametéssAssess Efficient Plant Operati¢fhloating Wet
Lands)

Analyzing water quality is primarily essential for surveillance reasons. The significanceesfathétion

encompasses:
1 Verifying if the water quality aligns with set standards and determining its appropriateness for its
intended application.
1 Evaluating the effectiveness of systems that ensure water quality.
1 LRSYGAFTeAy3I AT GKSNBQa | ySSR (G2 dzZLJANI RS 2NJ Y2
alterations.

Hence, conducting water quality assessments is vital for securing precise outcomes. Following are some
parameters which need to be monitored closely for efficient performance of plant

5.8.1.pH analysis

The pH metric, often used in tests, is vital as wastewater treatment and waste quality management heavily
rely on pH.
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Natural water generally has a pH between 4 and 9, mostly leaning towards the basic side due to alkali and
alkaline earth metalGbicarbonates and carbonates. Various factors, from carbon dioxide balance to the
bioactivity of plants, dictate the pH value. As pH plays a significant role in liquid properties, its measurement
becomes crucial. Additionally, pH is a foundational elenm@ntany analytical calculations and procedures.

At a given temperature, the intensity of the acidic or basic character of a solution is indicated by pH or
hydrogen ion concentration. pH values from O to 7 are diminishing acidic, 7 to 14 increasingly alkaline and 7
is neutral.

5.8.2.Total suspended solid (TSS)

The suspended solids in wastewater are solids that are insoluble. Typical domestic wastewater contains 200
250 mg/L of insoluble solids. Their size varies; larger particles settle easily, whereas smaller ones might not
settle at all.

For TSS analysis, filter a specified wastewater amount through-avgighed glass fiber filter, dry it, and
then weigh the residue. Findings are presented in mg/L.

5.8.3.Total dissolve solid (TDS)

TDS measures the sum of organic and inorganic substances in a liquid. Excluding pure H20 molecules, these
solids mainly consist of minerals, salts, and organic materials. A high TDS often signifies hard water, which
can cause scaling in pipes and applianéeading to maintenance costs.

The filterable residue is the material that passes through a standard glass filter disk and remains after
evaporation and drying at 180°C.

5.8.4.Biochemical Oxygen Demand (BOD)

The Biochemical Oxygen Demand (BOD) is an empirical standardized laboratory test which measures oxygen
requirement for aerobic oxidation of decomposable organic matter and certain inorganic materials in water,
polluted waters and wastewater under contraleconditions of temperature and incubation period. The
quantity of oxygen required for above oxidation processes is a measure of the test. The test is applied for
fresh water sources (rivers, lakes), wastewater (domestic, industrial), polluted receivieg balies,

marine water (estuaries, coastal water) and also for finding out the level of pollution, assimilative capacity
of water body and also performance of waste treatment plants.

Since the test is mainly a bassay procedure, it is necessary to provide standard conditions of temperature,
nutrient supply, pH (65.5), adequate population of microorganisms and absence of micrgloaith-
inhibiting substances. The low solubility @fygen in water necessitates strong wastes to be diluted to
ensure that the demand does not increase the available oxygen. A mixed group of microorganisms should
be present in the sample; otherwise, the sample has to be seeded. Generally, temperatmédded at

20°C and the test is conducted for 5 days, as 70 to 80% of the carbonaceous wastes are oxidized during this
period.

5.8.5.Chemical Oxygdbemand (COD)

Chemical Oxygen Demand (COD) test determines the oxygen requirement equivalent of organic matter that
is susceptible to oxidation with the help of a strocfgemical oxidant. It is an important, rapidly measured
parameters as a means of measuring organic strength for streams and polluted water bodies. The test can
be related empirically to BOD, organic carbon or organic matter in samples from a specifidakingeto
account its limitations.

The test is useful in studying performance evaluation of wastewater treatment plants and monitoring
relatively polluted water bodies. COD determination has advantage over BOD determination. COD results
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can be obtained in-3 hrs as compared to-8days required for BOD test. Further, the test is relatively easy,
precise, and is unaffected by interferences as in the BOD test. The intrinsic limitation of the test lies in its
inability to differentiate betwen the biologically oxidizable and biologically inert material and to find out
the system rate constant of aerobic biological stabilization.

5.8.6.Total coliform

The coliform group consists of several genera of bacteria belonging to the family Enterobacteriaceae. The
historical definition of this group has been based on the method used for detection (lactose fermentation)
rather than on the tenets of systematic ladology. Accordingly, when the fermentation technique is used,

this group is defined as all facultative anaerobic, gragative, norsporeforming, rodshaped bacteria

that ferment lactose with gas and acid formation within 48 h at 35°C.

The standard test for the coliform group may be carried out either by the multile fermentation
technique or presencabsence procedure (through the presumptizenfirmed phases or completed test)
described herein, by the membrane filter (MF) techrécur by the enzymatic substrate coliform test. Each
technique is applicable within the limitations specified and with due consideration of the purpose of the
examination.

5.8.7.Ammonia (NH3)

Nitrogen, as ammonia, isd@itical nutrient in biological wastewater treatment. It is utilized by bacteria to
make proteins, including enzymes needed to break down food or BOD as well as in making energy. In both
aerated stabilization basins and activated sludge wastewater systamsficient nutrient availability will

lead to poor biochemical oxygen demand (BOD) removal due to the inability of the bacteria to divide and
create more workers.

The two major factors that influence selection of the method to determine ammonia are concentration and
presence of interferences. In general, direct manual determination of low concentrations of ammonia are
confined to drinking waters, clean surface oogndwater, and goodjuality nitrified wastewater effluent.

In other instances, and where interferences are present or greater precision is necessary, a preliminary
distillation step is required.

5.8.8.Total Nitrogen (TN)

TN is sometimes regulated as an effluent parameter for municipal and industrial wastewater treatment
plants, but it is more common for limits to be placed on an individual nitrogen form, such as ammonia.
Treatment plants that have a TN limit will usualged to nitrify and denitrify in order to achieve the TN
limit. Because nitrogen in wastewater can be found in four major forms (excluding trace amounts of nitrogen
gas), each major form is generally analyzed as a separate component, with Total Nitreagdatezhfrom

the sum of the four forms.

5.8.9.Total Phosphorus (TP)
Phosphorus is an essential nutrient of plant, animal and hufflae parameter total phosphorus (TP) defines
the sum of all phosphorus compounds that occur in various forms.

t K2ZALIK2NHzA o0t o0 A& | ydziNASyd GKFdG Aa GAlGlLt G2 Kdzy
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process decreases sunlight and oxygen levels (hypoxia) thus affecting fish and other aquatic life.

71



5.8.9.1.0il and Grease

Oil and grease are any material recovered as a substance soluble in petroleum ether, hexane or nhexane. It
includes other materials extracted by the solvent from an acidified sample such as Sulphur compounds,
certain organic dyes and chlorophyll.

Oil and grease are defined by the method used for their determination. The oil and grease content of
domestic industrial wastes and of sludges, is an important consideration in the handling and treatment of
these materials for ultimate disposal. When tredteffluents are discharged in water body, it leads to
environmental degradation. Hydrocarbons, esters, oils, fats, waxes and high molecular weight fatty acids are
the major materials dissolved by hexane.
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6. MAINTENANCE AND REPAIR OF CIVIL AND MECHANICAL STRUCTUI

6.1. Inspection and Assessment of Civil Components:

Wastewater treatment plants, given their nature of operation, are prone to wear and tear, especially in their
civil components. The inspection process involves a systematic examination of these structures, which might
range from containment basins and tanko various other structural elements. Advanced tools, such as
ultrasonic testing devices, play a crucial role in identifying internal inconsistencies, damages, or degradations
which might not be evident on the surface.

Once the inspection is completed, the assessment phase takes precedence. Here, engineers and experts
analyze the findings to determine the severity and implications of any identified damage. Not only does this
process help in understanding the immediateaé& needs, but it also aids in predicting potential future
vulnerabilities, ensuring proactive interventions.

6.2. Regular Maintenance Activities:

To ensure longevity and consistent performance of a wastewater treatment plant, regular maintenance of
its civil components is indispensable. This typically involves the routine cleaning of basins and tanks to
prevent sediment accumulation which can impemjgerations or cause undue stress on structures.

Moreover, minor infractions such as small cracks or leaks are identified and promptly sealed, preventing
them from evolving into major issues. Protective measures also come into play, with structures, especially
those that are exposed to particularly aggsdve wastewater conditions, being treated with protective
coatings or paints. These coatings are not just about preventing corrosion but also about safeguarding
structures from environmental adversities. Further, for structures that are integrated wétiuiments,
periodic calibration becomes necessary to ensure accurate readings and optimal operation.

6.3. Repair Procedures for Concrete Structures:
Concrete, while being a robust material, is susceptible to damage, especially in the aggressive environment
of wastewater treatment facilities.

When cracks manifest in concrete structures, depending on their extent, they might be sealed using
specialized techniques like epoxy injection, or for more significant cracks, the use of concrete patches
becomes necessary.

Beyond cracks, surface damages such as spalling (where fragments of material are dislodged from the
surface) can arise. In such cases, treatments may involve the application of overlays to restore the structural
and functional integrity. At times, the vesteel reinforcing the concrete corrodes, prompting not just a
surface repair but also an intervention at the reinforcement level. Once the repair is executed, a final
protective layer, often a chemically resistant coating, is applied to the concretendthimly reinforces the
structure but also ensures longevity by preventing future damage.

6.3.1.Controlling erosion

Erosion challenges are often more pronounced on the downwind side of the pond, exacerbated by increased
wave actions due to wind sweeping across the pond's surface. Consequently, regular inspections of certain
areas become crucial, including around consolctures, corners, sections where the vegetative cover on

the dikes is sparse, and zones where dikes weren't adequately compressed during construction.

Erosion significantly diminishes the projected lifespan of a pond system. The adverse effects of erosion
include:

1 Removal of the liner's protective cover or potentially the liner itself.
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I Formation of areas on the dikes that are hard to maintain.
1 Augmentation in the likelihood of muskrat habitation, leading to dike damage.

One of the most effective means to manage erosion is the use of riprap material. For new pond systems,
riprap or other equivalent erosion control methods ameandated for all internal dike slopes. Before
introducing riprap to preexisting pond systems, it's essential to ascertain the seal's integrity. The riprap
material should extend from the dike's base to at least 0.3 meters above the maximum water magnMod
design guidelines advocate for the riprap to cover up to the dike's summit.

6.4. Repair Procedures for Piping and Channels:

Pipes and channels serve as the lifelines of wastewater treatment plants, directing flow and ensuring the
seamless operation of various treatment processes. Over time, these components, due to constant exposure
to wastewater, can manifest leaks or even &kages. Advanced techniques, such as acoustic or
electromagnetic sensing, can pinpoint even minor leaks, especially in buried pipelines. Addressing these
leaks might involve methods ranging from the application of clamps to more extensive pipe religirgnor
sectional replacements for substantial damages. Channels, especially when they suffer from surface erosion
or degradation due to chemical exposures, might necessitate resurfacing interventions.

Furthermore, the joints or sealants binding pipe sections or channels can, over time, fail or degrade.
Repairing or replacing these is crucial to ensure a fully integrated anepteak system, ensuring the
efficacy of the wastewater treatment process.

6.5. Control structure
Control structures are pivotal in managing water levels. It's imperative for an operator to ensure their
consistent and correct functionality. Common issues with these structures include corrosion and leaks.

To mitigate the corrosion issue, it's recommended to regularly lubricate gates and valves. This can be
achieved by frequently operating the gates and valves to ensure they remain mobile. An alternative method
to counteract corrosion is enhancing ventilatiavhich can be accomplished by swapping out solid manhole
covers with gate covers.

Fixing leaks in these structures can be challenging. An operator might resort to using gasket materials, grout,
or sewer plugs to address the leakage. Nonetheless, for a more lasting solution, it's often necessary to
replace the affected gates, slides,tetescoping valves.
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7. MANAGEMENT OF THE SLUDGE FROM WSP

7.1.Removal of Sludge from Stabilization Ponds

As in all biological wastewater treatment processes, there is also production of slustgbilizationponds.
This sludge is associated with the solids present in the raw sewage and, mainly, with the biomass developed
in the biological treatment itself. The various chapters that catabilizationpond variants in this book

present values for the estimated volumetric sludge production (expresse&;ﬁnmab.year or in cm/year).
This chapter presents additional details about the characteristics of the sludge and, mainly, about the man
agement of the sludge frorstabilizationponds.

One of the main advantages of tfecultative ponds is the possibility to accumulate sludge on the bottom

of the pond, during the whole operational period, with no need for its removal. However, in the most
compactponds (anaerobic ponds, facultative aerated lagoons and sedimentation ponds), the occupation of
the useful volume of the pond with the accumulated sludge is more significant, requiring an appropriate
management, including removal, occasional processingiantidisposal.

The characteristics of the sludge accumulated indfiadilizationponds vary according to its retention time

in the pond, which usually amounts from some to many years. In this period, the sludge undergoes
thickeningand anaerobic digestionwhich are reflected on the high contents of total solids (TS) and on the
low volatile solids / total solids ratio (VS/TS).

The sludge removed from primary ponds usually presents high contents of total solids, frequently higher
than 15%. Because of thickening, the solids concentration varies along the sludge layer, with higher values
in the lower parts. Sludges from shallow ighing ponds accumulated over short time periods (one year or
less) have average solids concentrations of approximately 4 to 6% (Brito et al, 1999; von Sperling et al,
2002b).

The sludge from ponds operating for several years is usually well digested, with VS/TS ratios lower than 50%.

In terms of nutrients (nitrogen, phosphorus and potassium), the data obtained from an anaerobic pond and
from a primary facultative pond (Gomdves, 1999) suggest nutrient contents lower than those obtained
from other wastewater treatment processes. Ehaverage values obtained were: TKN: 2.0% of the TS; P:
0.2% of the TS; K: 0.04% of the TS.

Regarding coliforms, the contents in the sludge range betweérand 1¢* FC/gTS, and their decay takes
place during the accumulation period in the pond.

Helminth eggs are found in large quantities in pond sludge, since the main egg removal mechanism from the
liquid phase is sedimentation. The figures vary substantially from one wastewater treatment plant to
another, in view of the variable counting in thew sewage in each location. A long sludge digestion period

in the pond seems to contribute to a reduced viability of the eggs. However, it is important to highlight that
the sludge from ponds, even after several years, still contains viable eggs, whdtertaken into account

in their management. Data on the sludge from the anaerobic pond mentioned above, operating for several
years, are associated with a percentage of viability between 1 and 10%, while the sludge from the polishing
ponds, after operatia periods of only six months and one year, presented much higher percentages of
viability, between 60 and 90%. The helminth species prevailing in the referred to pondésweass
lumbricoides ranging from 50 to 99% of the total counting of eggs foundwOridwide terms, the most
prevailing helminth species iAscaris lumbricoidesbut of course thecounting and the percentage
distribution will vary from place to place.
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Figure7-1: Nonrhomogeneous spatial distribution of the sludge, with sludge rising to the surface and possible refealeelofous
compounds

The thickness and the characteristics of the sludge layer vary inside the ponds, depending on their geometry
and on the positioning of the inlet and outlet structures. Different profile patterns were observed by
Goncalves (1999), but the most frequent enmainly in primary ponds and in elongated (baffled) ponds, is
that of a higher sludge layer close to the inlet. The greatest concern occurs when the sludge layer rises up
to and over the water surface, allowing the release of malodorous compoundsitliaisos happens more
frequently in ponds without previous grit removal and in anaerobic ponds. In case the sludge is not removed,
at least the inclusion of a grit chamber and the redistribution of the emerging sludge layer and of the pond
inlets should bgperformed.

The removal of sludge is likely to be a compulsory task of a significant scale in the operation of many ponds.

However, there is still no widely accepted engineering solution for that. The removal needs to be well
planned, since the technique used can opathe characteristics of the sludge (increase the water content),

and hinder its final disposal.

Figure7-2: WSP
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7.1.1.How do you know when to desludge?

1

Recommended that after every two years (depending on the effluent received) measure the sludge
depth.

The simplest way of doing thisisso calleddhg KA GS (G26St YSGK2Ré ®

A white cloth is wrapped around an approximately 2 m long pole attached together with tape
measure.

Try to get to the centre (maximum depth) of the pond where most sludge is likely to accumulate.
Ideally, this is a difficult exercise in most wastabilizationponds system, however, some ponds
have an extended inlet channel that can be used to stand or lie on. The exercise can be done at the
accessible position to get some indication.

The depth of the sludge is measured by lowering the pole vertically into the pond until it reaches
the bottom, it is then slowly withdrawn.

Sludge patrticles are trapped on tt@veling material so that the sludge is clearly visible as shown
in the following picture.

The sludge depth and full depth of the liquid can be read from the marks left on the white towel and
stick using the attached tape measure.

Figure7-3: Sludge depth measurement

1 Anaerobic ponds require desludging when they are one third full of sludge (by volume).

1 Maturation ponds are not expected to contain significant sludge that could require desludging

because settled solids are removed within anaerobic and facultative ponds.

7.1.2.Information on the sludge volume to be removed

The planning of the sludge removal from a pond has the purposg@rafizingcosts, anticipating solutions
to occasional problems, and reducing impacts related to the sludge removal and disposal. The following
stages are essential in the cleaning operation:

1 Determination of the pond geometry based on the design or on a topographic survey.
1 Accomplishment of the pond bathymetry, defining bathymetric sections, liquid height of the pond,

and depth of the sludge layer.
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Physicalchemical and microbiologicaharacterizatiorof the sludge.

Definition of the technique to be adopted in the removal of the sludge and, if necessary, in the sludge
dewatering and transportation.

1 Definition of the adequate final destination of the sludge, considering the lowest possible
environmental impacts.

= =

Certainly, stages 1, 2, and 3 are-pegjuisites for the implementation of stage 4, which defines the technique

to remove the sludge from the pond. Although there is no consensus on the technique, its selection has a
direct impact on the water content ohe sludge and, therefore, on the sludge volume to be disposed of
later on.

7.1.3.Techniques for Sludge Removal
Generally the procedure is adopted as given below:

1 Sludge could be drained or sucked from the bottom using a honey sucker (most appropriate for
single inlet waste stabilization pond systems).

1 For multiple inlet/receiving ponds divert the influent to one pond (that is not being desludged). Drain
the pond effluent from the surface to avoid sucking the bottom sludge.

Once you reach the sludge level stop draining.

Removed sludge should be disposed at an appropriate landfill sites indicated by the supervisor.
Put the clean pond back into operation and clean the second pond.

1
1 Let the sludge dry at the bottom of the pond and remove using spades and excavator.
1
1
7.1.3.1.Main techniques for sludge removal

The main pond sludge removal techniques can be classified as follows:

1 Mechanised or noMechanised
1 with interruption or no interruption of the pond operation

This second classification was adopted in the following description, due to the importance of the decision of
whether to maintain the pond in operation or not.

For the cases in which the sludge should be submitted to dewateringeafremoval, the following
alternatives can be considered: natural drying in the pond itself, use of drying beds, sludge lagoons, or even
the use of mechanical equipment.

In locations with a large number of ponds in the surroundings, the use of a mobile dewatering unit (e.g. with
centrifuges) could be taken into consideration.

7.1.3.2.Sludge removal with temporary interruption of the pond operation
The temporary deactivation of a pond can be a simple operational measure, if the primary pond stage has
been designed in modules, and if there is an idle treatment capacity. However, if this stage consists of a

single pond, or if the nominal design loadshzeen already reached, the temporary deactivation may put in
risk the stability of the subsequent treatment stage.
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Another important aspect is related to emptying the pond. This operation, necessary for drying the sludge
in the pond itself, requires previous planning and consent frometiironmental agency. In case of very
fast emptying, mainly in

anaerobic ponds, the impact of the anaerobic effluent on the receiving body can exceedsrgelation
capacity. Fish death, unpleasant odours and protests by the population may arise as a consequence.

4.1.3.1.Sludge removal with the pond in operation
a) Removal by hydraulic sludge discharge pipe

The hydraulic sludge discharge pipe (bottom drain) is the device more frequently included in the design of
anaerobic or aeratedtabilizationponds. Nevertheless, it is a solution highly criticised by operators.

There are several reports on clogging and loss of function of this device during the operation of the pond.
The problem occurs in view of the evolution of solids contents in the sludge over the years, making its
consistency change from liquid to pasty. 8libthe sludge be discarded with a higher frequency (<5 years),
which would prevent its thickening at levels higher than 7% on the bottom of the pond, this device could be
useful in small sewage treatment plants. For Victoretti (1975), sludge dischargesi@ve unnecessary,
because the ponds operate for long periods with no need of sludge removal. According to the author, the
units should be designed to be deactivated for drainage and removal of the sludge.

In case this technique of pond sludge removal is adopted, pipe diameters equal to or larger than 200 mm
are recommended (Metcalf and Eddy, 1991).

b) Removal by septic tank cleaning truck

Septic tank cleaning or similar trucks are provided with a vacuum suction system with a flexible pipe that
removes the sludge and conveys it to the sludge storage compartment in the trucks themselves.

Figure7-4: Suction Machineer Septic Tank Cleaners

The disadvantage of this solution is that it removes the sludge with a high water level, once pumping requires
the dilution of the sludge layers already in an advanced thickening stage. The result can be the need of many
trips to transport the sludge fronthe sewage treatment plant to the disposal site. However, its great
advantage is that it removes and transports the sludge in the same operation. The equipment can also be
easily found and rented in mediuwand largesized cities.
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