IPLT Technology Option Selection Guide

IPLT Technology Option Selection Guide

This study is made possible by the support of the American People through the United States Agency
for International Development (USAID). The contents of this report are the sole responsibility of DAI
Global, LLC and do not necessarily reflect the views of USAID or the United States Government.

ii

IPLT Technology Option Selection Guide

Table of Contents
1.

INTRODUCTION ............................................................................................................................................. 1
1.1.
1.2.
1.3.
1.4.
1.5.

2.

UNDERSTANDING TREATMENT TECHNOLOGIES ............................................................................................ 3
2.1.
2.2.
2.3.
2.4.
2.5.
2.6.
2.7.

3.

DEMAND FOR TREATMENT CAPACITY ..................................................................................................................31
SEPTAGE CHARACTERISTICS ...............................................................................................................................32
TREATMENT OBJECTIVES AND TARGETS ...............................................................................................................35
PROPOSED SITE(S)...........................................................................................................................................36
OPERATOR CAPACITY .......................................................................................................................................37
PRACTICAL CONSIDERATIONS .............................................................................................................................39

PREPARING SELECTION PROCESS ................................................................................................................. 40
4.1.
4.2.
4.3.

5.

SEPTAGE TREATMENT PLANT (IPLT) .....................................................................................................................3
INTRODUCTION OF TREATMENT SEQUENCES ...........................................................................................................5
RECEIVING UNITS ..............................................................................................................................................7
PRETREATMENT ................................................................................................................................................7
SOLIDS LIQUID SEPARATION ................................................................................................................................9
LIQUID TREATMENT .........................................................................................................................................17
SOLIDS TREATMENT .........................................................................................................................................27

PLANNING PHASE AND DESIGN PROCESS PREPARATION............................................................................. 31
3.1.
3.2.
3.3.
3.4.
3.5.
3.6.

4.

BACKGROUND ..................................................................................................................................................1
USER ..............................................................................................................................................................1
PURPOSE .........................................................................................................................................................2
OTHER REFERENCE MATERIALS ............................................................................................................................2
ORGANIZATION OF THIS BOOK..............................................................................................................................2

INVOLVE VARIOUS PARTIES ...............................................................................................................................40
AGREE ON CRITICAL FACTORS .............................................................................................................................40
SET DEVELOPMENT PHASE ................................................................................................................................41

SELECT THE BEST TREATMENT OPTIONS ...................................................................................................... 43
5.1.
5.2.
5.3.
5.4.

OVERALL APPROACH OF TECHNOLOGY SELECTION .................................................................................................43
EXAMPLE TREATMENT PROCESS CONFIGURATIONS .................................................................................................49
COMMON MISTAKES IN SELECTION.....................................................................................................................56
DOCUMENT SELECTION PROCESS ........................................................................................................................56

ii
IPLT Technology Option Selection Guide

iii

iv

IPLT Technology Option Selection Guide

1. Introduction
1. Introduction
1.1. Background
Indonesia is aiming to achieve providing 100% wastewater services its population by 2019. This ambitious
is clearly stated in the National Medium-Term Development Plan of 2015-2019. The target is further
elaborated. For urban areas 12.5% of residents will be served by piped sewerage system while the rest
will be served by improved on-site systems. This means that the majority of urban population will rely on
proper onsite septic units with improved septage management services. In order to achieve this goal, each
component of the septage service chain needs to be improved, starting from periodic desludging,
monitored transportation, effective treatment and disposal or reuse of the waste.
To reach the 2019 target the Government of Indonesia has planned a major investment program which
provides medium and large sized cities and towns with funding and support to build as many as 200 new
septage treatment plants, or as they are known in Indonesia as Instalasi Pengelolaan Lumpur Tinja (IPLT).
In addition to design and build new IPLTs, most existing IPLTs will also need to be upgraded to help achieve
the water and sanitation goal. In 2012, an assessment, Moving Towards Improved Urban Septage
Management at Scale in Indonesia, concluded that only 10% of the 130 existing septage treatment plants
is well-functioning. The main reason for underperformance from existing IPLTs are overloading and
insufficient operation and maintenance, in particular for mechanical equipment. Moverover, the
Government of Indonesia recently issued stricter effluent standards, which demands improvement from
existing plants in order to be in compliance. The assessment of existing IPLTs provides valuable lessons
learned for selection of septage treatment technologies for all the to-be-built treatment plants.
Although there are many different technologies that can be used to treat septage, only a few
configurations are appropriate for a city or town with its unique setting, resources availability and
constraints. This book provides a framework and guidance on selection of appropriate technologies for a
septage treatment plant. A five-step process is introduced in this book to help both decision makers and
their consultants to make an informed selection on the most appropriate treatment process for their
specific technical, institutional and financial setting.

1.2. User
The intended users of this book include:
•
•
•
•
•

Technical staff of the public works institutions who are involved in developing IPLTs, including
those at the national, provincial and local level
Treatment plan design engineers
Consultants advising the Ministry of Public Works and Housing (MoPWH) with improvement of
existing IPLTs and design and construction of new IPLTs
Future owners, managers and operators of the IPLTs
Donor agencies that are involved in supporting various government departments concerning
onsite sanitation challenges
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1.3. Purpose
This book focuses on methodologies to select the most suitable septage treatment technologies based on
predetermined design considerations. These design consideration include treatment objectives, target
capacity, sludge characteristics, proposed site location as well as budget limitation and capacity of future
operators.
The technology selection is a part of a larger efforts in designing an IPLT. This book complements the
Guidance on the Design of IPLT published by the MoPWH. While the MoPWH book focuses on "how to
design an IPLT", this book focusses on "how to select the technology".

1.4. Other Reference Materials
Suggestion other reference materials in the following sections:
1. Strade, Linda et al, 2014. Faecal Sludge Management. System Approach for Implementation and
Operation. IWA Publishing.
2. Tilley, Elizabeth et al, 2008. Compendium of Sanitation Systems & Technologies. Swiss Federal
Institute of Aquatic Science and Technology (EAWAG).
3. USAID - IUWASH PLUS (Indonesia Urban Water Sanitation and Hygene Penyehatan Lingkungan Untuk
Semua). 2016. Saatnya Sekarang. Layanan Lumpur Tinja Terjadwal.
4. MoPWH, to be published in 2018, Subdit Standarisasi dan Kelembagaan Book of Planning for IPLT .

1.5. Organization of this book
This book presents information in the following sections:
Section 1

Introduction

Section 2

Understand IPLT Treatment Technologies

Section 3

Planning Phase and Design Process Preparation

Section 4

Preparing Selection Process

Section 5

Select the Best Treatment Options

Appendices: The following appendices are included to provide more detailed information.
Appendix A

Glossary

Appendix B

Sampling Plan for Influent Water Quality

Appendix C

Detailed description treatment technologies, including:
•
•
•
•

Fundamentals of how the technology works
Operational, monitoring and additional requirements
Example in Indonesia
Design criteria and example calculations
2
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2. Understanding Treatment Technologies
2. Understanding Treatment Technologies

This chapter introduces five main steps for a complete septage treatment process and describes various
available technologies for each treatment step. Section 2.1 lays out sequence of the five steps, and section
2.2 summarizes function of each step and how linking these step allow an IPLT to meet treatment
objectives. Section 2.3 – 2.7 introduces individual technology options, summarizes each of their
advantages and limitations. A comparison table summarizes key factors for technology selection is
presented for solids-liquid separation, liquid treatment and solids treatment steps. The comparison also
highlights range of treatment capacity, providing guidance for planners and engineers for selecting
technology under their specific conditions.

2.1. Septage Treatment Plant (IPLT)
There are many different processes and technologies that can be combined to treat septage. These
different processes follow a 5-step sequence (Figure 2-1):

Figure 2-1 The Septage Treatment Process Model
Once septage collection trucks arrive at an IPLT, septage is transferred from truck to a receiving station
using hose or emptied directly into a channel. Depending on the technology used for receiving station,
raw septage can either be pre-treated within the receiving station or flow to pretreatment units. Coarse
objects such as trash and rock are screen and separated in the pretreatment step. An IPLT can choose to
include technical units that remove grit, fat and oils in the pretreatment step to avoid blockage and
protect equipment in downstream treatment units. Septage then flows to the most important step of the
treatment process—solids liquid separation. Separation of liquid from solids can be achieved either by
non-mechanical technologies by sedimentation and filtration, or by mechanical options in which pressure
is applied to flocculated septage to squeeze liquid out of septage. After the solids liquid separation step,
solids and liquid are treated separately. Liquid treatment uses a combination of technologies to remove
BOD, TSS, pathogen and ammonia from liquid before it is discharged to the environment. In parallel to
solids treatment uses a combination of technologies to further reduce the amount of liquid in solids
before it is disposed to landfill. Additional treatment technologies can be used to remove pathogen from
solids for beneficial resuse.
Figure 2-2 shows how technologies can be used to accomplish the goals of each step. Note that not all
treatment units shown in Figure 2-2 are mandatory to achieve the existing treatment standards.
Treatment units in dashed boxes are options that may be necessary under certain conditions or options
that can led to higher treatment goals. Section 2.3 and Appendix C provides detailed guidance on
conditions under which treatment units are necessary.
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It is important to note that these treatment processes are not the same as for wastewater treatment due
to the increased strength of septage, as discussed in Chapter 3. The difference can result in tradeoffs of
several factors that are important for selection of technologies, including land requirements, operational
simplicity/complexity, capital costs, operating costs (power, chemicals, maintenance, skilled labor), and
the possible value of recovered products.
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Figure 2-2. The Septage Treatment Process Model
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2.2. Introduction of Treatment Sequences
This section describes the function and the importance of each main treatment step.
1. Receiving. Receiving station is the interface between septage trucks and the IPLT. Septage trucks
arrive at the IPLT, park at the designated location, connect hose and direct flow to a receiving
structure. The receiving structure hold raw septage for a short time before it flows to the next
treatment unit. The receiving structure needs to be large enough to accommodate peak hourly flow
to avoid over spill or overload of downstream treatment capacity.
In addition to the septage receiving structure, receiving station needs to provide easy access for
trucks. The design of turning areas, parking bays and septage discharge bays need to reflect type, size,
and frequency of the vehicles at peak flow that will deliver septage to the treatment plant. The
elevation of parking areas need to be high enough to allow even septage at the bottom of truck to
flow to the receiving inlet or receiving tank by gravity. Otherwise, a pump is needed to transfer
septage at the bottom of the truck to receiving station.
Human interaction with the sludge is the highest at the receiving station and care must be taken to
ensure workers health and safety. A water connection, sloped floors and a floor drain must be
available for continuous cleaning. If pretreatment steps like coarse screening occur at the receiving
station, the facility needs to be designed for easy removal of trash and large solids that get left behind.
2. Pretreatment. Pretreatment removes trash, gravel and stones, grit, and fats oil and grease (FOG).
Large objects such as trash, gravel and stones can be removed using manually raked screens or a
mechanically raked screens. The removal of coarse objects is important to avoid blockage in pipes or
negative impact on subsequence treatment processes. In addition, an IPLT can choose to remove grits
and/or FOG.
Removal of grit and FOG are optional in the pretreatment step. Whether to remove them is depend
on their impact on downstream treatment processes. Grits can be removed by using a simple grit
chamber or through a packaged mechanical system. If there are mechanical equipment in
downstream treatment process, grit can potentially result in unnecessary equipment breakdown.
Removal grits also reduces the amount of solids content in septage. FOG can clog pipes and reduce
efficacy of certain liquid treatment mechanisms.
The pretreatment facility should be designed to streamline the removal of wastes like FOG, grit and
trash.
3. Solids Liquid Separation. This is the most important step in septage treatment. The waste effluent
from pretreatment still contains all of the liquids, biosolids and pathogens. Solids content is between
1 to 3%. The purpose of this step is to reduce organics and separated solids and therefore reduce the
space required for dewatering of the solids treatment.
Figure 3.2 shows various options. Non-mechanical treatment technologies let septage flows into a
structure that allows solids to settle while liquid is filtered, collected and flows to downstream liquid
treatment process. The settled solids need to be removed periodically from the septage retaining
5
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structure and moved to downstream solid treatment process to receive future treatment. Mechanical
treatment technologies often add chemical to incoming septage. The addition of chemical make
flocks, which are easier for a mechanical equipment to apply pressure to flocculated septage and
separate liquid from solids.
4. Liquid Treatment. At this stage, the majority of the solids have been removed, and the liquids now
flow to the liquid treatment processes. Liquid coming out of step 3 can still have higher strength than
municipal wastewater and will be treated through a combination of physical, chemical and biological
processes to remove much of the remaining organics (BOD), suspended solids, ammonia and
pathogens before it can be discharged to the environment. This is accomplished either through
passive systems, such as waste stabilization ponds and wetlands, or mechanized systems such as
trickling filters, aerated ponds, or oxidation ditches. Pathogens are removed from disinfection
treatment using UV (from the sun) or chemicals such as chlorine.
Similar to the solids treatment step, liquid treatment step produce solids that need to be future
treated. Suspended solids settles at various liquid treatment unit process and accumulate at the
bottom of the treatment unit structure. The settled sludge contains organics and water content and
needs to be removed periodically. Failure to remove the accumulated sludge have negative impact
on liquid treatment efficacy of BOD and ammonia removal. The sludge being removed from liquid
treatment is then send to the solid treatment processes.
5. Solids Treatment. Separated solids from previous steps are transfer either manually or by mechanical
conveyor to solids treatment area. Depending on the mechanism and efficacy of the solids liquid
separation treatment, wastes entering the solids treatment stage typically range from 6% – 30%. This
means that there are still plenty of liquid contained in the solids. The primary goal of solids treatment
step is to further reduce water content, or known as “dewatering”. Dewatering mechanisms are
similar to the solids liquid separation. Depending on the IPLT capacity, land availability, operational
capabilities, both non-mechanical and mechanical technologies can be used. Further drying and
removal of water can greatly reduce hauling, transportation and landfill costs since those costs are
charged based on volume or weight of the treated solids water. Additional treatment such as thermal
drying, composting, or lime stabilization can also be applied to remove pathogens and produce
biosolids for land application or soil conditioner for agriculture.
It is important to note that liquid that are future squeezed out of the solids treatment step still contain
organics, some solids content and pathogens. The liquid produced by the solids treatment is collected
in underdrain or pipes and sent to the beginning of the liquid treatment stream.
The layout of the IPLT must take into consideration the final disposal of the solids. Access for trucks
to collect the waste product will be required. If sludge is not to be stabilized at the facility the sludge
should be placed on a concrete storage area to ensure harmful bacteria and pathogens cannot flow
into the groundwater.

6
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2.3. Receiving Units
Receiving process is not part of treatment process step but is the step between septage truck and septage
treatment process facility. There are two main types of receiving stations, mechancical and manual
stations. For more detailed information, refer to Appendix C2.

2.3.1.

Manual receiving station

Vacuum truck drivers connects hose to the truck and aims
the discharge into the receiving station. It is important to
design the receiving station high enough and with
appropriate angle of the parking ramp so that septage can
flow from the truck to the receiving tank by gravity and
without a pump.

2.3.2. Mechanical receiving station
Vacuum truck driver connects a hose to the receiving station and
discharges septage into the IPLT. The station will most likely have a
meter to monitor the amount of septage being discharged. At more
advanced systems, there may be an electronic system to monitor flow
and allow for paperless record keeping.

2.4. Pretreatment
Pretreatment is the first treatment step of all subsequent unit process in IPLT. The goal of this step is to
remove any objects that may create unnecessary wear or problem for downstream unit treatment
processes. Pretreatment can include coarse screen, fine screen, grit removal and FOG removal. Except for
coarse screen, removal of other objects are not necessary (Figure 2-2).
Appendix C3 provides detailed description of design parameters, operation and design considerations for
Pretreatment technologies.
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2.4.1. Screens
Coarse screens
Coarse screen separates large objects that are usually
found in septage raw waste, such as sanitary napkins,
rubber, tissue, rags, plastic, sand, stone even spoon.
These large objects must be separated first from the
suspended solid in the septage waste. If the large
objects are not separated, it can disrupt operations
and treatment efficiency of subsequent unit processes.
For example, large objects may clog pipes.
Coarse screen can be manual or mechanical. Manually
rakes screens consists of parallel bars with openings that allow particles with size less than 10 mm to pass
through. It is recommended that screen be set at an angle between 45o to 60o to make it easy to rake the
screen. Mechanical screens may be an appropriate option for large septage treatment plants where flows
are too high to practically manage coarse screening manually.
Operation of coarse screen includes removal of detained solids and cleaning of the screen. Providing an
easy and safe access for operators is therefore important. During the planning and design stage, disposal
of materials being left on the screen need to be considered. In addition, screens are subject to corrosion
environment all the time, and use of steel screen are typically.
Fine Screens
Depending on the screening needs from downstream treatment unit process, fine screen may also be
used. Fine screen details solids with size greater than 1 mm. These fine solids can reduce treatment
effectiveness, particularly biodegradability in downstream biological treatment processes. If the amount
of fine solids are small, fine screening is not necessary for most septage treatment plant.

2.4.2. Grit Removal
Grit removal is necessary because it is not
biodegradable and thus difficult to be removed
by biological liquid treatment process. In
addition, large amount of grit in septage also
means more solids need to be desludged in
subsequent treatment process, resulting in
unnecessary operational work and difficulty.
Grit removal separates grit from the rest of the
septage based on density difference. Because
grit is denser than water with 1450-1750 kg/m3,
of density, it will flows faster, and can settle
down to the bottom of a grit chamber.

8
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2.4.3. FOG Removal
Fat, oil and grease (FOG) are often present in septage.
FOG is not easily biodegradable. If it is not separated
from the beginning of the process, it will float to
downstream treatment processes. FOG can block pipes
and it may erode pipes in the long run. FOG may also
reduce downstream efficacy. For example, excessive
FOG on sludge drying beds will prevent evaporations,
thus resulting in higher water content in the dried
solids.
FOG removal is quite simple and may be combined with receiving tank or equalization tank. Since FOG is
lighter than water, it will float on the top layer. FOG can be removed either by using a skimmer to scrap
off the top layer or separated by a baffled wall to stop FOG from flowing to the other side of the baffle.
Another way of FOG removal is through packaged mechanical unit.

2.4.4. Equalization Tank
An equalization storage tank can be necessary as it provides a place to attenuate variation in flow rates.
It also allows septage loads from different sources to be mixed together, evening out the solids and
organic loading to downstream treatment. In addition, it can be sized to provide storage space to
accommodate peak flow, if there is no receiving tank at the beginning.
Equalization tank can be a dedicated, stand-alone tank, or through treatment processes that include tanks
whose size can be designed to provide some degree of equalization for downstream processes. A mixer is
always needed in an equalization tank to prevent solids from settling.

2.5. Solids Liquid Separation
Solids-liquids separation is the most important step in the fecal sludge treatment process. Effective
separation at this stage can reduce the loading requirements of downstream processes, and significantly
improve the overall efficiency of the plant. This section describes several technologies that are used for
separation, including a brief description of the operating mechanism, advantages, disadvantages, and
rough sizing information; refer to Appendix C4 for more details on design, operations, and maintenance.

2.5.1. Anaerobic Digester
An anaerobic digester is an enclosed reactor where anaerobic digestion occurs to treat solids/sludge.
Anaerobic digestion (AD) is a biological process where microorganisms break down organic matter in the
absence of oxygen. Byproducts of this process include digested solids and biogas. Anaerobic digestion at
higher temperatures (thermophilic conditions) can also reduce pathogen levels in the raw septage.
However, anaerobic digestion does not substantially reduce the volume of solids, nor separate solids from
liquids. There have been cases in Africa and India where anaerobic digestion has been used at a small scale
to partially stabilize fresh pit latrine waste to reduce odor prior to solids liquid separation treatment
processes. Dealing with fresh pit latrine waste at an IPLT may not be a common case in Indonesia, where
the majority of septage comes from septic tanks and has already been digested. Thus, anaerobic digester
is not a recommended technology for solids liquids separation of septage.
9
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2.5.2. Anaerobic Pond
An anaerobic pond is a stabilization pond that is originally designed to treat wastewater through anaerobic
processes. The ponds are usually deep and the depth encourages settling of solids and anaerobic activity
that digest the organic matter. The settling mechanism allows solids to be separated from liquid.
However, with the high solids content in septage, solids is likely to accumulate very quickly and would
require frequent desludging and maintenance. Thus, use of anaerobic pond as a solids liquid separation is
only recommended for small capacity. Refer to section 2.6.2 for more information on use of anaerobic
ponds for liquid treatment.

2.5.3. Imhoff Tank
Imhoff tanks are used to achieve
solids settling and sludge digestion
within one process. The tank
consists of two separate chambers:
an upper sedimentation chamber
and a lower digestion chamber that
are divided by a sloped partition
wall. Septage flow enters from one
end of the upper chamber. Settled
solids slide down the partition and
fall through a slotted opening to
reach the lower chamber where
sludge is collected and digested. The digesting chamber requires separate biogas vents and sludge
cleanout pipes. Collected sludge is removed through a sludge discharge pipe with an inlet located at the
bottom of the digester.
Imhoff tanks are typically capable of achieving 50% to 70% reduction of suspended solids, and 25% to 50%
reduction of BOD. They can provide good sludge stabilization provided that the digestion chamber is sized
appropriately.
Imhoff tanks may be used as a solids liquid separation technology at low treatment capacities up to 40
m3/d. Similar to the limitation anaerobic ponds faces, solids can quickly fill up the digester component.
Therefore, imhoff tank becomes size prohibitive and less cost effective at large capacity. In addition,
emptying solids accumulated in the digester chamber might be operationally difficult. Redundant units
should be provided to allow the tank to be drained for occasional maintenance and cleaning. A summary
of pros and cons is presented in the table below.
Technology
Snapshot
Imhoff Tank

Pros

Cons

Cost

• Can provide settling and
digestion in one tank
• Low maintenance
• No electricity required
• Suitable for small
systems

• Requires large storage volume
for medium to high capacity
• Storage may fill quickly requiring
frequent desludging
• Odors from off gassing

Capital cost
can be high
for large size
and medium
O&M cost

10
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2.5.4. Gravity Thickener
Thickeners use a simple
separation process based on
gravity.
They are typically
designed as circular tanks with a
sloped conical bottom. Septage
enters from an influent pipe at
the center of the tank. Solids
settle to the bottom of the tank,
where it is condensed by gravity
and hydrostatic pressure of the
fluid.
Thickeners can be
equipped with a mechanical scraper. Non-motorized thickeners may rely on a steeper sloped bottom that
directs solids to a hopper. Liquid supernatant spills over a weir and is taken downstream for further
treatment. If oils and grease are present in the septage source, a surface skimmer can be installed on the
mechanical arms to remove scum from the liquid surface.
Based on an influent solids concentration of 2%, gravity thickeners used for solids-liquid separation can
provide about 2 to 3 fold concentration in dry solids for up to 6% effluent solid content. Based on
conventional wastewater applications, thickeners are capable of achieving roughly 85% to 90% solids
capture. Based on the sizing calculation examples provided in the appendix, thickeners are most
appropriate at the higher range of IPLT treatment capacities. Recycling of effluent liquid may be required
to balance the solids and hydraulic loading. For best performance, thickeners are intended to operate
continuously, with consistent solids and hydraulic loading. A flow equalization storage basin may be
needed to regulate flows to the thickener. A redundant unit should be provided to allow shutdowns for
maintenance and cleaning. Appendix C4.2 provides detailed information and calculation.
Technology
Snapshot
Gravity Thickener

Pros

Cons

Cost

• Relatively small
footprint for large
capacity treatment
• Continuous
mechanical
operation requires
less manual labor
input
• Capable of
removing FOGs

• Requires continuous operation
for best performance
• May need upstream equalization
storage
• Requires reliable electricity
• Motorized parts supply and
service coverage
• Liquid removal efficiency is less
than other separation methods

• Medium
capital cost
and relatively
low operating
cost

11
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2.5.5. Solids Separation Chamber (SSC)
Solids separation chamber combines a decanting approach
with the characteristics of sand/gravel underdrain of sludge
drying beds. It is only observed in Indonesia. There are two
mechanisms for separating liquid from solids in SSC: 1)
supernatant is percolated through the sand/gravel
underdrain, similar to how sludge drying bed functions; 2) A
decanting mechanism is also used to remove supernatant on
the top layer. Operation of desludging usually requires use of
portable pumps. Removed sludge is left dry in a separate
drying area.
The concept of SSC design suggests a basin with total depthe of approximately 1.5 meter above the
underdrain with multiple chambers in a basin. Each chamber is allowed to be loaded for apporximately
five days, then supernantent on top layer is being decanted. Soludge is left dry for 10 to 15 days before
being removed for furthur dewatering. For more information, refer to Appendix C4.3.
Technology Pros
Snapshot
Solid
• Simple operation
Separation • Simple
Chamber
construction with
materials common
to most local areas
• Applied in existing
systems

Cons

Cost

• Performance relies on
environmental conditions
• Requires significant manual
labor for desludging. For high
capacity, sludge transfer is
more difficult.
• Requires monitoring for
effective operation
• Requires large amount of
available land
• Could have odor problem

• Relatively low capital
cost and low to medium
operating cost (due to
cost of labor)

2.5.6. Sludge Drying Beds (SDBs)
SDB are used to dewater and dry sludge and separate liquid
for treatment. Water is removed from the sludge by
drainage down through the underdrains and also by
evaporation in to the atmosphere. To encourage drainage,
SDBs typically consist of an under-drain system covered in
a layer of gravel. The gravel is covered with a layer of sand.
Sludge is applied on top of the sand layer to a certain depth,
then allowed to dry over a period of time (typically 2 weeks
or more) to reach a desired % dry solids concentration.
After this, the dried sludge is removed manually and the
cycle is repeated by applying a new layer of sludge. SDBs
are designed considering both hydraulic loading (maximum recommended depth of 20 cm) and mass
loading (typically 100 – 200 kg of dry solids per m2), and taking into account the following factors that
12
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affect drying time: sludge characteristics, environmental conditions (humidity, temperature, etc.), target
percent dry solids concentration. Covers are necessary for SDBs in regions with a lot of rain. SDBs are
capable of drying sludge to 25-60% dry solids.
SDBs are very simple and effective for either solids liquid separation or solids dewatering, but require a
lot of available land, long drying times, favorable environmental conditions for performance, and
significant manual labor during desludging. They are most suitable for solid liquid separation at small
treatment plants and solids dewatering for limited flow rates. They are should be used when land is
available and unskilled labor is readily available and affordable. SDBs are used widely in Indonesia, but are
not always operating effectively. Some important factors for proper use and maintaining performance of
SDBs are: proper pretreatment to remove FOG and trash, maintaining covers and periodic replenishing or
replacing sand layers, designing conservatively based on sludge characteristics and sources and
considering both hydraulic and mass loading.
Technology
Snapshot
Sludge Drying
Beds

Pros

Cons

Cost

• Simple construction with
materials common to
most local areas
• Simple operation, low
skill required
• Does not require
electricity
• Produce % dry solids
often higher than
mechanical methods

• Performance relies on
environmental conditions
• Requires significant manual
labor for desludging
• Requires planned monitoring
and desludging for effective
operation
• Requires available land
• Can be odorous

Relatively low
capital cost
and relatively
low operating
cost

2.5.7. Mechanical Dewatering
There are two types of mechanical dewatering technology, screw press and belt filter press.
Screw Press
Screw press is a mechanical equipment used for dewatering, provided commercially by vendors. There is
no digestion or pathogen reduction of the processed solids. A screw press is a slowly rotating device that
squeezes the septage against a screen to separate the solids from the liquids. Septage to be fed to a screw
press need to be mixed with a chemical polymer prior to dewatering. Polymer binds septage together to
form large flocs or particles, which improve dewatering efficiency. The amount of polymer to be added to
the system impact the dewatering performance.

13
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Generally a solids concentration of
15% - 20% can be achieved
depending
upon
sludge
characteristics and solids capture
of 60% to 95%. The separation of
solids and liquid also means that
some BOD and TSS are removed
from the liquid stream.
The process requires very little
land compared to SDBs and
therefore is particularly suitable for higher flow rates and urban contexts where available land is limited
and expensive. It dewaters sludge very quickly.
However, screw presses require electricity, skilled labor, clean and pressurized water source for wash
water, reliable manufacturer support, and a supply chain for spare parts. The availability of these factors
should be considered and impacts to operating costs and reliability. The process also requires a chemical
polymer addition, which requires a reliable supply chain to ensure chemical will be available at a
reasonable cost. This chemical system requires ongoing skilled labor for operation and maintenance, adds
process complexity, and represents an additional operating cost.
Belt Filter Press
Belt filter press is another type of mechanical equipment used for dewatering. It uses a simple separation
technology that works by squeezing the septage between two fabric belts to concentrate the solids and
separate the liquid forced through the fabric. The requirements for homogenization of sludge prior to the
belt filter press and the addition of polymer is similar as for a screw press; however, a belt filter press is
generally able to handle fluctuations in sludge characteristics better than a screw press.
Belt filter presses are considered a little harder and messier to operate than a screw press, though they
also allow more visibility of the dewatering process to observe and evaluation what is going on and any
problems. Performance varies based on manufacturer and quality of the feed sludge. Generally a solids
concentration of 15% - 20% can be achieved depending upon sludge characteristics and solids capture of
60% to 95%.
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Belt filter press shares many similar advantages as screw press with some minor differences. There is an
economy of scale with belt filter presses, and the units are not adversely affected by minimal flows.
However, belt filter press might not be particularly suitable for a modular approach. It requires significant
increase in capacity before another unit can be added economically.
Summary comparison of mechanical dewatering equipment
Technology
Screw Press

Pros
• Intermittent washwater with
lower pressure required
• Simpler mechanical system
• Messiness contained within
enclosure
Filter • More widely commercially
available
• Open system allows for
observation of process
• More capable of handling
heterogeneous sludge

Cons
Cost
• Larger equipment for given • Relatively high
capacity
capital cost and
relatively high
operating cost

Belt
Press

• Larger washwater flow •
rate that is continuous
during operation
• More parts to maintain
• Messier to operate
• Potential safety hazard of
aerosols from spray water

Relatively high
capital cost and
relatively high
operating cost

Summary and comparison of Technology of Solids Liquid Separation
The above sections provides a brief introduction of technologies that can be used for solids liquid
separation. While a detailed technology selection method will be described in section 5, Table 2-1
summarizes and compares the solids liquid separation technologies against key factors, such as % DS,
design, construction and operation considerations, which are important for selection consideration.
The technologies are listed in the increasing order of process complexity. In addition, different shades of
color indicate the most likely capacity range a technology can practically function. Figure 2-3 shows a
different way of comparing the solids liquid separation technology, and it provides reasoning of capacity
range for each technology.
15
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Table 2-1. Summary and comparison of technologies for solids-liquid separation
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Figure 2-3. Comparison of technologies for solids-liquid separation with respect to flow rate

2.6. Liquid Treatment
Supernatant from solids liquid separation step will resemble very high strength wastewater. After the
solids liquid separation step, the BOD and TSS in liquid stream are expected to be around 1500 mg/L and
5400 mg/L, respectively. This is almost an order of magnitude higher than domestic sewage. This means
that typical wastewater treatment technology need to be adjusted in order to treat the liquid stream of
septage.
The effluent regulation in Indonesia for BOD and TSS are both 30 mg/L. Even using a technology with a
90% removal rate, the BOD and TSS in the effluent would be 150 mg/L and 540 mg/L, respectively. In order
to meet the effluent criteria, more than one treatment option will be required. Additionally, the
Indonesian government may introduce a new effluent limit for ammonia of 10 mg/L.
The liquid portion separated from the septage, as well as the liquid removed during the solids treatment
process, can be treated using passive methods, such as waste stabilization ponds or anaerobic baffled
reactors, or mechanical processes, such as aerated ponds, oxidation ditches, and trickling filters Ammonia
removal can be achieved by adding a wetland to a small flow facility or a trickling filter to a medium to
large flow facility.
In this section, treatment technologies are categorized by their functions—1) removing organics,
suspended solids and nutrient, and 2) reduce pathogen levels in the effluent. Each subsection provides a
snapshot of the technology option. Detailed description including design and operation consideration, key
design parameters, design procedures and example calculations can be found in Appendix C5.
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Treatment Processes to Remove BOD, TSS, and Nitrogen
2.6.1. Anaerobic Baffled Reactors (ABRs)
ABRs are concrete tanks with a series of baffles
separating the tank into multiple compartments.
The baffles direct the liquid to flow through an
opening near the top of the water level and
release the liquid near the bottom of the following
compartment causing the remaining sludge in the
liquid stream to settle at the bottom of each
compartment. The greatest settling is achieved in
the first compartment, the settling zone, while the
subsequent compartments polish the effluent.
ABRs can treat medium to high flows due to their efficiency and baffled layout and can achieve a 70%
reduction of both BOD and TSS. ABRs require a small footprint and have eliminated the need for a separate
settling tank, they maintain passive operation and low construction and operating cost; however, they
will need to be desludged periodically.

Technology Snapshot
Anaerobic Baffled
Reactors

Pros
• Medium to high flows
• 70% removal of both
BOD and TSS.
• Small footprint
required
• Eliminated need for a
settling tank
• Passive operation
• Low construction and
operating costs

Cons
• Periodic desludging

Cost
Moderate capital
cost and relatively
low operating cost

2.6.2. Anaerobic and Facultative Ponds
WSPs are commonly a three-stage process utilizing first an
anaerobic pond to digest BOD and TSS, then a facultative
pond to remove Ammonia and BOD, followed by a
maturation pond to polish and disinfect the liquid stream.
The anaerobic pond is a deep pond which digests settled
organics anaerobically at the base of the pond. A facultative
pond, when sized appropriately, can achieve high ammonia
removal rates. This pond is shallower than the anaerobic
pond which encourages aerobic bacteria consume in organic
matter in the top portion while in the base of the pond
encourages anaerobic bacteria growth. The shallower
18
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maturation ponds use sunlight to stimulate algal growth and aerobic bacteria, while the UV radiation
inactivates the pathogens.
Together, the WSPs can be very effective at BOD and TSS removal and provide a discharge-ready effluent.
WSPs can have high Ammonia removal rates, but due to the high concentrations of Ammonia in septage,
aerators may be needed; pay special attention to the ammonia removal calculations during design. WSPs
require only simple operation, relatively infrequent desludging, and have a high degree of treatment;
however, WSPs are greatly impacted by the local weather and may vary in treatment effectiveness
depending on rain and sunlight.
Technology Snapshot
Waste Stabilization
Ponds

Pros
• Simple operation – no
skilled labor
• Produces nutrient rich
soil amendment for
agriculture

Cons
• Large Footprint
• Exposed to weather
which can cause
seasonal variation in
treatment efficiency

Cost
Relatively low
capital cost and
low operating cost

2.6.3. Aerated Ponds
Aerated Ponds add aeration to the pond in order to increase the rate of organic matter and nutrient
consumption in the liquid. The aerobic bacteria feed on oxygen, organic matter, and nutrients, the
addition of oxygen above what is already in the liquid allows the bacteria to proliferate. By speeding up
the aerobic process, aerated ponds can be designed with a smaller footprint or larger flow rate than the
waste stabilization ponds and can handle small to medium flows from 10-100 m3/day. Aerated ponds with
a long hydraulic retention time can remove ammonia from the liquid. To introduce oxygen, mechanical
mixers or bubblers must be added into the pond, resulting in increased electricity costs to the treatment
system.
Aerated ponds can be designed to be fully-mixed which
provides a completely aerobic environment or partiallymixed which creates an aerobic condition at the top of the
pond but settled organics degrade anaerobically at the
base. Fully-aerated ponds are more energy intensive than
partially-mixed ponds but do not require desludging.
When designed and operated correctly, aerated ponds can
achieve 70% removal of BOD and TSS. Aerated ponds have
very high treatment efficiency and ammonia removal, but
electricity reliability, cost increase, and climate must be
considered. It also requires an additional process to settle
suspended solids prior to discharge into the environment.
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Technology Snapshot
Aerated Ponds

Pros
• Relatively easy
operation
• Small footprint
compared to WSPs
• High Ammonia removal
rate

Cons
• Skilled labor required
for aerator equipment
O&M
• High energy
requirement
• Requires clarifier
before discharge

Cost
Relatively medium
capital cost and
medium operating
cost

2.6.4. Trickling Filters
Trickling Filters are circular basins
filled with rock or plastic packing to
provide a surface for bacteria to grow
a biological slime. This slime acts as a
biological filter by contacting the
liquid and consuming the organic
material and nutrients. In order to
work properly, it needs distributor
arms to evenly apply the liquid over
the filter to keep the slime
consistently moist. The filter also
needs an underdrain system to hold in
the packing material and allow the
effluent to flow out. Trickling filters
can be used as the main liquid
treatment process followed by a
sedimentation basin or activated sludge process afterwards for the effluent to remove the solids after
treatment, or can be used as an ammonia removal process for the secondary effluent or centrate. For
septage treatment, trickling filters are more effective as a nitrification step in the treatment train.
Trickling filters can remove ammonia consistently from medium to high flow rates using low energy;
however, they require moderately skilled maintenance with specific equipment parts, and consistent
electricity. They may also require a settling process afterwards to remove the nitrifier biomass that
sloughs off.
Technology Snapshot
Trickling Filters

Pros
• Can handle high flow
rates
• Medium footprint
• High Ammonia removal

Cons
• Can have strong odors
• Requires costly spare
parts and skilled
maintenance
• Requires clarifier prior
to discharge
• Requires backwash
water to periodically
clean filter media

Cost
Medium capital
cost and relatively
low operating cost
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2.6.5. Oxidation Ditch
Oxidation Ditches are concrete channels in
the form of an oval or ring utilizing
mechanical aeration to promote the
growth of aerobic bacteria for organic
matter and nutrient consumption and
mechanical mixing to keep the activated
sludge in suspension while the liquid
rotates through the oxidation ditch.
Oxidation ditches often require the
addition of a sedimentation tank on the
end in order to remove the build-up of
sludge; in combination, oxidation ditches
with sedimentation tanks can achieve 8095% of BOD and TSS. Oxidation ditches with aeration can be used for high and very high flow rates and
are feasible as long as there is plenty of land available and consistent electricity for pumping. Introducing
aeration also allows for operation to remove ammonia from the liquid.
Technology Snapshot
Oxidation Ditch

Pros
• Can handle large flows
and high mass loading
• Not highly dependent
upon environmental
conditions
• Achieves ammonia
removal
• Does not require highly
skilled labor

Cons
• Requires skilled labor
for O&M
• High energy
requirement
• Requires clarifier prior
to discharge

Cost
Medium capital
cost and relatively
low operating cost

2.6.6. Other Activated Sludge System
Activated sludge processes are common treatment for wastewater. The processes are suspended growth
systems that use microorganisms in suspension in a bioreactor, followed up a separation step, usually a
clarifier, to separate the microorganisms and suspended solids from the liquid prior to discharge.
Activated sludge systems have many variations, such as sequencing batch reactors (SBR), rotating
biological contactors (RBC), and moving bed biofilm reactors (MBBR). Many of these activated sludge
systems can be manufactured in a compact, packaged system to address the challenge of limited land.
These technologies may work but will have a higher level of complexity.
More information, design criteria and procedures can be find in wastewater treatment texts, such as
Wastewater Engineering Treatment and Reuse by Metcalf and Eddy and published design manual from
Government of Indonesia.
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Table 2-2 Summary and comparison of technologies for liquid treatment organics removal
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Table 2-2 summarizes and compares liquid unit treatment process against design, construction, and operation factors that are important for
technology selection. Different treatment mechanisms, such as anaerobic and aerobic, are distinguished by various shades of color. Practical
capacity range for each type of liquid treatment unit is also summarized in the table, and Figure 2-4 provides reasons of the categorization of
capacity range.

Summary and comparison of Technology of Liquid Treatment for Organics Removals

Figure 2-4 Comparison of technologies for liquid treatment organics removal with respect to flow rate

Treatment Process for Pathogen Removal in Liquid Stream
The following are several treatment processes that can be used as a final polishing step to remove
pathogens and disinfect water in the liquid stream. It is important that the influent into these processes
are sufficiently treated to remove most solids and organic matter or the efficacy of these processes will
be greatly diminished. Refer to Appendix C4 for more information on these processes.

2.6.7. Maturation Pond
A maturation pond is the final stage in the waste stabilization pond series. It is a relatively shallow pond
with large surface area that allows the penetration of sunlight to promote photosynthetic activity and UV
disinfection. More details on maturation pond design, operation, and maintenance can be found in the
waste stabilization pond section in Appendix C5.2.
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2.6.8. Constructed wetland
Constructed wetlands are engineered systems that replicate the
physical and biological processes of a natural wetland to treat
wastewater, greywater, and stormwater. A constructed wetland
consists of a bed with media that is planted with special wetland
vegetation. Water flows from one end to another horizontally
across the full area of the bed where solids settle out and organics
are consumed by aerobic and anaerobic microbial activity.
Constructed wetlands are only suitable as a final polishing step for
liquid treatment to further remove organic material and pathogens
to meet effluent limits. The system cannot handle high shock loads
as it is prone to blockages and overloading.

2.6.9. Chlorine Disinfection
Chlorine disinfection is the process of adding chlorine to water to inactivate pathogens. It is a common
and effective means of disinfection for water and wastewater treatment, especially at large treatment
plants. Chlorine can be added in the form of sodium hypochlorite, choline tablets, or chlorine gas. Chlorine
is dosed in the final effluent where it travels through a contact chamber to ensure sufficient contact time
for disinfection before distribution or discharge. There are logistical complications involving supply chain,
transportation, and storage associated with chlorine disinfection in addition to health and safety concerns
that must be considered when selecting a suitable disinfection method.
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Table 2-3 Summary and comparison of technologies for liquid treatment pathogen removal
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Similar to the summary and comparison of the liquid treatment unit that removes organics and suspended solids, Table 2-3 compares liquid
treatment unit that removes pathogen. The darker shade of blue indicates the additional benefit of removing nitrogen from constructed wetland.
Figure 2-3 shows the practical capacity range of these technologies while provides reasoning behind.

Summary and Comparison of Liquid Treatment Technology for Pathogen Removal

Figure 2-3 Comparison of technologies for liquid treatment pathogen removal with respect to flow rate
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2.7. Solids Treatment
Solids treatment technologies are primarily used for dewatering and drying of sludge, and for stabilization
and pathogen reduction. The septage entering the IPLT is typically 1% to 3% dry solids content (by mass).
The solids liquid separation step thickens the solids in the septage to a dry solids content typically between
6% - 30% depending on the process used, and even up to 50-60% for sludge drying beds (SDBs) (See
Section 3.3.3). Particularly at the lower end of this range (~6% dry solids) further solids treatment for
dewatering and drying is required to reduce hauling and landfill costs. The liquids treatment steps such
as anaerobic ponds and facultative ponds produce sludge with solids content of about 6% that requires
further treatment as well. Dewatering and drying can be achieved by SDBs, mechanical dewatering with
either screw press or belt filter press, and solar drying. Thermal drying, composting, or lime stabilization
are additional treatment processes that can be applied in addition to dewatering to remove pathogens,
and produce biosolids for agricultural use.
Selection of solids treatment technologies should consider the end use of the final sludge product. Table
2-4 below provides an overview of the different end uses, the associated requirements, and appropriate
solids treatment technologies.
Table 2-4 Summary of solids end use
Solids End Use
land fill / land application

Pathogen
% Dry Solids
Reduction
Required
Required
~ 20%
none

soil amendment
(agriculture)

20-60%

medium to
high

solid fuel

> 90%

none

Appropriate Technologies
SDBs or Mechanical Dewatering
SDBs or Mechanical Dewatering
AND
Solar Drying or Thermal Drying or
Composting
SDBs or Mechanical Dewatering
AND
Solar Drying or Thermal Drying

Each solids treatment technology is described briefly below. Refer to Appendix C6 for additional details
on composting, solar drying and thermal drying.
Lime stabilization is the process of adding and mixing lime (most often in the form of hydrated lime) to
septage. The hydrated lime reacts exothermically, producing heat while increasing the pH. Lime
stabilization is capable of achieving 99.9% to 99.99% removal of pathogenic bacteria and helminths when
a pH of 12 is maintained for a certain amount of time. Lime stabilization can be used in conjunction with
the simple solids/liquid separation, though it does little to reduce moisture content or volume of the
solids. Lime can also be added to dewatered sludge, but mixing is challenging and difficult with highly
concentrated sludge and special equipment is needed. Lime stabilization has many of these drawbacks
compared to other technologies and thus is commonly used as an emergency treatment practice. This
process is suitable when pathogen reduction is required for end use (e.g. soil amendment for agricultural
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use) and there is a reliable and inexpensive supply of lime available, and operational capabilities support
the mixing and monitoring required.

2.7.1. Composting
Composting is a controlled process where
microorganisms break down organic matter through
aerobic decomposition. The process generates high
temperatures that can inactivate pathogens when
conditions are maintained over a sufficient amount of
time. The product of composting is a biosolid that can be
beneficially reused as a soil conditioner since it is safe
and stabilized. The different types of composting include
windrow composting, aerated static-pile composting,
and in-vessel composting. The composting process can
be manually operated or mechanized to ensure sufficient turning, mixing, and aerating of the piles.
Composting septage usually requires the addition of a bulking agent to reduce the moisture content and
contribute organic matter. See Appendix C6.1 for more details on composting.

2.7.2. Solar drying
Solar drying is useful for reducing
additional moisture content from
dried sludge cake after initial
dewatering.
This technology is
constructed
in
greenhouse
structures with transparent covers,
walls, and solid flat floors. In
addition to the natural sunlight,
ventilation provided by fans is
typically provided to enhance
drying. Newly dewatered sludge
cake is often mixed with “old”
sludge piles that have been dried in
the greenhouse. Mixed sludge can
be piled to a depth of 10 cm to 50 cm
though only the top 10cm is
efficiently dried and if it is deeper than this turning is required. Mixing and tilling of sludge can be done
manually or by automated equipment. Depending on the dewatered sludge cake solids content and the
number of days left drying, final product can have solids content of about 70% to 90%. Depending on the
climate and operation drying rates can be approximately 2% DS increase per day.
Solar drying is very simple and effective for obtaining high dry solids content, but require a lot of available
land, reasonably long drying times, relies upon environmental conditions and ventilation for performance,
and requires significant manual labor for turning. The process is most suitable for when the end use of
solids requires high dry solids content, when electricity is available and reliable, when land and unskilled
labor is available and affordable, and environmental conditions are favorable.
28
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Technology Snapshot
Solar drying

Pros
• Simple construction
with materials common
to most local areas
• Low skill required for
operation with manual
turning/monitoring
• Can produce high % dry
solids (up to 90%)
• May be able to achieve
sufficient pathogen
reduction to produce
biosolids for resource
recovery

Cons
Cost
• Performance relies on
• Relatively low
environmental
capital cost and
conditions , and
medium
monitoring required for
operating cost
optimal performance
• Requires significant
manual labor for
loading, turning, and
desludging
• Relies on electricity
• Automated system
requires operator skill,
manufacturer support,
and reliable spare parts
supply chain

2.7.3. Thermal drying
Thermal (or mechanical) drying uses heat to remove the remaining moisture in the sludge cake after it
has gone through initial dewatering. The final product from the process is a pelletized, 99% dried, and
fully disinfected product. Drying equipment of this type is highly sophisticated and requires specialized
design and engineering from equipment manufacturers. This process requires electricity, skilled labor,
reliable manufacturer support, and a supply chain for spare parts. The availability of these factors should
be considered and impacts to operating costs and reliability. This technology is suitable if the above the
requirements above are met and the end use of the solids requires pathogen reduction and a very high
percent dry solids. The use of high temperatures means that there are addition health and safety issues
which need to be carefully considered when operating the facility.
Technology Snapshot
Thermal drying

Pros
• Effective pathogen
removal
• High percent dry
solids (up to 99%)

Cons
• Relies on electricity
• Requires operator skill,
manufacturer support,
and reliable spare parts
supply chain

Cost
• Relatively high
capital cost and
relatively high
operating cost
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Summary and Comparison of Solids Treatment Technology
Table 2-5 categorizes solids treatment technology by various treatment goals and summarizes their
requirement for design, construction and operation considerations. Figure 2-6 exhibits practical capacity
range for each solids treatment technology and explains reasons behind.

Table 2-5 Summary and comparison of technologies for solids treatment

Figure 2-6 Comparison of technologies for solids treatment with respect to flow rate
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3. Planning Phase and Design Process Preparation
3. Planning Phase and Design Process Preparation

Several basic information should be available before we can start selecting treatment technologies. These
include information on the required treatment capacity, incoming septage characteristics, treatment
goals and location of the treatment plants and capacity of IPLT operator. This chapter will elaborate more
on such information and relation of each to technology selection.
The sequence of development of an infrastructure, including an IPLT, commonly begins with a planning
phase. This is the period when critical decisions are made that have the greatest impact on the direction
of a project. For the purpose of selecting septage treatment technology, outputs of the planning phase
that need to be further considered include information on the demand for treatment capacity, septage
characteristics, treatment objectives and targets, proposed site(s), operator capacity. Based on those
information, we may be able to start streamlining technology options for our future IPLT. Engineers
working on an IPLT design should seek these information from the master plan for wastewater system
development or the document of city sanitation strategy, or other planning documents. If any of those
document does not exist, the engineers may need to make assumptions to produce the basic information.

3.1. Demand for Treatment Capacity
The planning phase usually gives an estimate of the amount of sludge that will be generated in a service
area. Several aspects are considered in the estimation, i.e. the projected number of people or houses, the
septage generation rate and the staging for the development. The desludging scheme implemented in
the area will also affect the estimation. An area with a mandatory scheduled desludging scheme will have
more septage to treat. Based on the estimated amount of this sludge, we can then determine the required
treatment capacity for the area. Supposedly the required treatment capacity will not be much different
from the amount of sludge that will be generated.
The type of septage treatment technology for small capacity is likely to be different from those for high
capacity. There is an optimum range of capacity for each treatment technology that makes it more
effective and efficient to be used than the others. Figure 2-3 to 2-6 exhibits recommended capacity range
for various technology options.
Treatment capacity should be defined as the septage flow rate expected to be received at the IPLT. This
is arguably the most critical parameter for system design, as it will impact technology selection, equipment
sizing, area needed, and ability of the plant to meet the treatment needs of the community. When
describing the system, average daily flows (m3/day) are typically cited as the nominal treatment capacity
of the system. Sizing of equipment, however, must accommodate variations in loading throughout the
course of the day. For example, septage collection trucks may be more active during certain hours, and
the treatment process must be designed to handle peak loadings without overwhelming and backing up
the system. To account for this, the engineer should consider the impact of peak flow rate (m3/hour) at
each treatment stage.
As the first step, receiving and pretreatment screening should be sized to handle peak hourly flow to
ensure there is no bottleneck at the head of the system. Next, solids-liquids separation involves handling
of potentially large liquid volumes and can experience significant impacts of variable loading. The
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technology used for separation will determine whether provision of redundant capacity or buffering
storage tanks would be most appropriate. Processes such as sludge drying beds rely on simple
mechanisms based on surface area and gravity, and are relatively flexible to operate. SDBs are also likely
to be constructed using modular units with redundant capacity, and would be capable of absorbing short
term peak flow events. Settling basins and mechanical dewatering require use of sedimentation tanks
and equipment that may be more difficult to operate at variable flow rates. These processes may benefit
from diverting to excess flows to a buffering storage reservoir, if redundant capacity is unavailable and
sizing for the peak flow condition is unfeasible. Design of downstream treatment processes should make
similar considerations to handle the peak solids and liquids handling at each stage of treatment.

3.2. Septage Characteristics
Characteristics of septage is one of the most important input for treatment technology selection. The
characteristics of septage will likely vary based on location, season, construction practices of septic tanks,
geology, groundwater and many other factors. Therefore, it is critical to get the information on the local
septage characteristics and to understand how this will affect the type of treatment required. It is
important to note that characteristics of septage and municipal wastewater are significantly different (see
Figure 3-1 as a visual example). Although most of the septage is still liquid, it has a high solid content.
Much higher than the solid content of municipal wastewater or sewage.

Figure 3-1 An example of raw septage discharged to a receiving tank at an IPLT. Notice the difference
between raw septage and wastewater.
Septage has a high solid content. It can be higher than domestic wastewater by a factor of hundreds. The
high solids content feature of septage makes some widely used wastewater treatment technologies not
practical for treating septage. When using traditional wastewater treatment technologies without
adaptation to treat septage, previous experience and evaluation of existing IPLTs suggest that solids would
accumulate in treatment unit quickly, and without frequent desludging practice, the accumulated solids
often resulted in decreasing of treatment efficacy.
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In addition to solids content, the following septage parameters are key to treatment technology selection
and treatment plant design:
•

Grit content. The presence of grit and sand can increase the frequency of clogging in pipes and pumps,
and has a major influence on other solids parameters.

•

Fats, Oil and Grease (FOG). FOG content is important to consider because it can lead to maintenance
problems with sludge treatment facilities, reduce microbial degradation due to decreased solubility,
and reduce efficacy of mechanical dewatering or sludge drying beds.

•

Total Solids (TS). TS concentration (mg/L) consists of organic or volatile solids (VS) and inorganic
matter. Total solids are one of the most important to the design of treatment processes.

•

Total Suspended Solids (TSS). TSS is a regulated parameter in the new Indonesia effluent standard.
TSS contains both degradable and non-degradable solids. If it is impractical to measure grit and sand
concentration by standard methods, then a TSS to TS ratio can be an indicator of grit and sand content.

•

Biochemical Oxygen Demand (BOD). BOD measures the amount of oxygen required by
microorganisms to degrade organic matter. BOD is used a proxy to indicate the amount of
biodegradable organics in the septage that requires treatment. Being one of the regulated parameter
for effluent, BOD is an important design criteria for sizing and selecting many of the treatment
processes and technologies within an IPLT.

•

Ammonia-N (NH3-N). The concentration of ammonia-N is important because excessive concentration
of ammonia-N can be toxic to certain treatment mechanisms and to the environment. For example,
high ammonia concentration inhibits methane-forming bacteria and subsequently impedes anaerobic
digestion.

Other parameters of secondary importance include total phosphorous (TP), total nitrogen (TN), Total
Kjeldahl Nitrogen (TKN), and Nitrate (NO3-N). Refer to Appendix B for more detailed description of these
parameters and recommendations on how to develop a sampling plan. Box 1 below details typical septage
characteristics in Indonesia.
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Box 1. Typical Setpage Characteristics in Indonesia

In 2016, USAID conducted influent septage/sludge sampling across 8 IPLTs. The 160-sample
study provided preliminary characterization of septage in Indonesia. The characterization
focused on six key parameters, Sludge Volume Index (SVI), Oil & Grease, BOD, COD, TSS and
Ammonia-N. Below summarize highlights from the study:
Septage characteristics are significantly different than typical wastewater values. Septage
has undergone more degradation and contains less water than wastewater (Table 3-1).
Table 3-1 Comparison of key parameters between Indonesian
septage and US domestic wastewater
Parameter

Indonesia
samples (Average)

US
Medium
Strength
Domestic Sewage

Ratio of Septage
to Sewage

Oil & Grease (O&G)

1,400 mg/L

100 mg/L

14

BOD5

5,000 mg/L

220 mg/L

24

COD

12,000 mg/L

500 mg/L

25

TSS

18,000 mg/L

220 mg/L

81

NH3-N

180 mg/L

25 mg/L

8

There are regional variations observed across IPLT sampling locations. Differences are likely
due to climatic conditions at the time of sampling, local geology, regional diets and or quality
of construction of septic tanks.
Sludge from sampled Indonesia IPLT influent is significantly different from septage in the US
and Europe/Canada (Table 3-2). Therefore, careful review must be used if referring to US or
European design and reference documents.
Table 3-2 Comparison of septage characteristics among Indonesia and other countries
Parameter

Indonesia (mg/L)
Avg.

Min

O&G

1,404

BOD5

5,210

COD

12,658

United States (mg/L)

Europe/Canada (mg/L)

Max

Avg.

Min

Max

Avg.

Min

Max

46

14,253

5,600

208

23,368

181

41,424

6,480

440

78,600

--

--

--

8,343

700

25,000

518

98,630

31,900

1,500

703,000

28,975

1,300

114,870

TSS

17,840

287

179,400

12,862

310

93,378

45,000

5,000

70,920

NH3-N

189

1

1,116

97

3

116

--

--

--

The average values from this study are used for all sample calculations within this document
and in the Appendix B.

While these values are useful for rough approximate calculations and helping to select appropriate
treatment processes, a detailed sampling plan should be completed prior to any design work for new IPLT.
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3.3. Treatment Objectives and Targets
The main objective of septage treatment is to ensure protection of public health and the environment.
To ensure this objective is met, we must first determine what the current and future end use will be for
the liquid (effluent) and solids (sludge or biosolids) that are produced from the treatment process. This
should take into consideration how the final liquid effluent stream will be handled or discharged. The
discharge targets will essentially impact selection of treatment technologies. Then identify all applicable
standards and regulations that may apply to inform the level of treatment required. The liquid and solids
products as well as any byproducts need to be properly discharged to comply with any established
regulation and standards.
Target for treated effluent. If the treated effluent is to be discharged to the environment, the primary
target is to prevent pollution of the surface water and the surrounding ecological system. The treatment
objective will focus on degradation of organic matter, reduction of suspended solids, as well as nutrients.
Indonesia has set effluent standards for domestic wastewater as stated in the Minister of Environment
and Forestry Decree No. 68 Year 2016 (Table 3-3).
Table 3-3 Effluent Standard for Domestic Wastewater
PARAMETER

MAXIMUM CONTENT

pH

6–9

BOD5

30 mg/L

COD

100 mg/L

TSS

30 mg/L

Oil & Grease (O&G)

5 mg/L

Ammoniac (NH3-N)

10 mg/L

Total Coliform

3,000 counts/100 mL

Flowrate

100 L/person/day

Agricultural reuse is another potential end use for treated effluent in Indonesia that has already been
demonstrated in many countries around the world. The primary treatment targets should be to reduce
negative human health impacts. The World Health Organization (WHO) has published guidelines for
wastewater qualities for agriculture reuse purposes 1.
Target for treated solids. The treated solids stream products can either be sludge (not stabilized such as
solids from sludge drying bed) or a biosolids (stabilized with composting, solar drying, thermal drying or
the use of lime). Depending on the intended end use, sludge stabilization may not be necessary. Sludge
stabilization requires extra treatment steps, which may require significant investments and skilled labor.
Production of biosolids also requires additional treatment to remove pathogens to meet different
1

Source: WHO (2006). Guidelines for the safe use of wastewater, excreta and grey water. Vol. 2: Wastewater use
in Agriculture. Available at
http://www.unep.or.jp/Ietc/Publications/Water_Sanitation/wastewater_reuse/Booklet-Wastewater_Reuse.pdf
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biosolids classifications. If treated solids are to be disposed of at a landfill, solids processing will require
thickening and dewatering to a certain solids content, often with limited removal of pathogens. Indonesia
does not have apparent standards or regulation for disposal of treated fecal sludge. However, landfill
regulation governed by the Minister of Public Works Regulation (2013) concerning Technical Criteria for
3R waste Treatment Site may provide relevant guidelines and standard. If the solids are to be land applied
as a soil conditioner/fertilizer, the treatment objective will be to minimize risks to human health and to
control pollution to the environment. Although there is no legislation or guideline in Indonesia regulating
use of treated sludge as a soil conditioner/fertilizer, the Food and Agriculture Organizations (FAO) has
published guidelines with recommended nutrient specifications, pathogen reduction requirements, and
maximum permissible amounts of potentially toxic elements. Besides the FAO guidelines, US federal has
regulations on disposal of sewage sludge and biosolids under 40 CFR Part 503. In general, there are two
classes of biosolids with different requirement on pathogen reduction and Vector Attraction Reduction
(VAR) 2.
•

Class A Biosolids requires less than 1,000 Most Probable Number (MPN) of fecal coliform per dry gram
of total solids, or less than 3MPN of Salmonellae per 4 dry grams of total solids.

•

Class B Biosolids requires less than 2,000,000 MPN of fecal coliform per gram of total dry solids, or
less than 2,000,000 Colony Forming Units (CFU’s) of fecal coliform per gram of total dry solids.

Targets for Byproducts. Some treatment process may produce biogas as a by-product. Disposal of biogas
need to be considered. At present, there is no standards or regulations for biogas disposal. Proper design
of biogas collection may allow on-site use. Biogas can be turned into electricity; however, yields from
septage treatment plants are often too low to make this commercially viable.

3.4. Proposed Site(s)
The planning phase may propose one or more sites where IPLT will be constructed. Site location is very
critical in the design and operation of the IPLT facility. While available sites may be identified by a master
planning process, it is important to engage design engineers to provide technical input on the final site
selection. Site selection should consider the logistics of operating the facility, including proximity and
access to population centers, distance to waste disposal, availability of electrical and water utilities, and
adequate space for future expansion. These site selection considerations can impact the choice of
treatment technology, as described in detail in the next sections. A city may propose site that has already
been used for landfill or sewage treatment plant. In such case, potential of community rejection can be
minimized. Figure 3-2 shows an example of existing landfill site.

2

Source: National Manual of Good Practice for Biosolids. (2005). Available at
http://www.wef.org/Biosolids/page.aspx?id=7767
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Figure 3-2 An example of existing landfill site
It is quite often that information on the physical condition of proposed site are also provided in the
planning document. The site condition influences the choice of treatment technology that can be selected.
The information includes total area, topography and vicinity of the site. Small land close to residential
areas may limit the choices only for mechanical. Small land may also limit ability to expand capacity of the
IPLT to meet future demand. Additional information can be derived if the location of the proposed site is
known. The most important is the environmental risks that may occur to the site. A flood-prone site will
prevent certain technologies to be selected without extra protection. Other information is the accessibility
and the availability of electricity.

3.5. Operator Capacity
One of the important decisions that usually made in the planning phase is the appointment of the
institution that will be given responsibility to manage and operate the IPLT (hereinafter, operator). The
institutional choice may have influence on the selection of septage treatment technology, particularly of
the factors of operational budgeting and human resources. In addition, there is also the experience factor
of the institution in operating mechanical installations that may influence technology selection.
There are basically two generic types of operator in Indonesia, i.e. 1) municipal agency or unit and 2)
municipal-owned enterprise. Table 3-4 briefly describes general characteristics of each institution type
along with its specific consideration for technology selection. Generally, a municipal agency and unit do
not offer flexibility in operational budgeting and human resources as much as enterprises. In Indonesia, a
municipal agency or unit only have limited experience in operating mechanical treatment units. This
limitation is important for design engineers to consider when selecting treatment options for the new
IPLT.
Table 3-4 Summary of options for operators for IPLT
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OPTIONS
OPERATORS

OF

CHARACTERISTICS

SPECIFIC

GENERAL

MUNICIPAL AGENCY OR UNIT
Dinas
Teknis
(municipal
technical agency)

Technical
Implementation
Unit (UPTD or
Unit Pelaksana
Teknis Dinas)1

•

Agency related to public works,
cleansing or environmental.

•

Almost no flexibility in operational
funding for the unexpected.

•

Involving only a sub-division within
the agency.

•

Recruitment is strictly regulated.

•

•

Funded by APBD (annual
government budget).

No flexibility in salary to pay more
for good worker.

•

Unable to collect tariffs.

•

Almost no experience
mechanical units.

•

Able to receive grants.

•

Limited managerial authority.

•

Assigned under a municipal agency to
perform technical public service tasks.

•

Small organization
resources.

•

Funded by APBD.

•

Allowed to collect tariffs (on behalf of
the local government).

•

Cannot retain financial income.

•

Limited managerial authority.

•

Primary task is to deliver water supply
service.

•

Full managerial authority (technical
and financing).

•

Experienced in delivering a citywide
service.

•

Funded from the revenue.

•

Allowed to collect service fee.

•

Allowed to generate profits.

•

Can apply single or combined billing
(water and wastewater services).

•

Able to partner with private sector.

with

local

limited

with

Same as above, except a few UPTDs
that have experience in running
mechanical treatment units.

ENTERPRISE
Municipal
Enterprise
for
Water
Supply
(PDAM
or
Perusahaan
Daerah
Air
Minum)

Municipal
Enterprise
for
Wastewater
Management
(PDPAL
or
Perusahaan
Daerah
Pengelolaan Air
Limbah)

•

Dedicated to deliver
management services.

•

Full managerial authority (technical
and financing).

•

Funded from the revenue.

•

Allowed to collect service fee.

•

Allowed to generate profits.

•

Able to partner with private sector.

wastewater

•

More flexibility in operational
funding to cope with the
unexpected.

•

Recruitment process is more relax

•

Able to pay more for good worker.

•

Experienced
in
mechanical units.

running

Same as above.
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3.6. Practical Considerations
To provide practical considerations, the prior IUWASH IPLT evaluations identified several cases where
improved planning would have produced a more cost effective and efficient IPLT.
•

System Capacity Identification – Most systems that were found to be designed for a capacity higher
than the amount of sludge which was actually being delivered to the facility. The facilities became
under-used and fell into disrepair. In many cases, there is undoubtedly enough sludge being produced
in septic tanks in the city to justify the size of facility, but the sludge was not being collected and
delivered to the treatment facilities. In addition to population and sludge production, planners and
engineers must identify gaps in the supply chain – particularly with respect to sludge collection at the
household level and transport services in the local market.

•

Unknown septage characteristics – Sampling plans have been encouraged by IUWASH and are
becoming a regular step in the planning process. However, several existing facilities are receiving
septage of weaker strength than would be expected and in other situations the high solids loading of
the septage caused the facilities that were designed not to operate. Understanding of the water
quality to be treated in the planning stage could have assisted with this.

•

Lack of market for treatment byproducts – In several instances, a city chose a more complex and
expensive treatment option in order to produce a bio-gas or compost for sale. Unfortunately, there
is currently no market for these resources, and as a result, no benefit from installing them. One city
had difficulties operating and maintaining the complex system and began to bypass the process
completely, causing complications downstream. If a city is interested in composting, bio-gas,
industrial fuels or other treatment byproducts that could be sold, an in-depth market analysis should
be completed prior to design and construction.

The planning of these IPLT facilities requires skilled planners, engineers and financial analyst familiar with
septage management all working together under a defined process. This planning process will require
further refinement and leadership from Public Works. Additionally, the capacity building of those involved
will take time, but concrete steps can be taken to improve project planning and delivery in the present
while improving organizational practices for the future. Additional guidance regarding master planning
may be found in the Subdit Standarisasi dan Kelembagaan Book of Planning for IPLT.
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4. Preparing Selection Process
4. Preparing Selection Process

This reference book has described background information on septage treatment, different options of
septage treatment technologies as well as capabilities and constraints of each technology. This section
discusses a number of preparation steps to be done prior to the selection. Starting from inviting a group
of individuals to participate in the selection process, determining parameters that will be critical in the
selection of technology and, if necessary, estimating the magnitude of these critical factors.

4.1. Involve Various Parties
Many factors should be considered in the selection of septage treatment technology, such as flowrate,
expected treatment performance and its consistency, land availability, capital and operating expenses,
power availability, practicality of operation, level of operator competence and potential environment
disturbance. To ensure that all factors will be thoroughy considered, the selection process should involve
individuals with relevant authority, knowledge, experience and resources. Those include representatives
of relevant local government units, funding provider, future IPLT operator, local communities as well as
experts on wastewater engineering, construction and environmental and finance. They can be involved in
determining the critical technology selection factors and in estimating their magnitude. The selected
technologies will be more acceptable if their inputs and concerns have been considered in the process.
Prior to the selection process, it is recommended that all those individuals should have a common
understanding on IPLT. They should know the background, objectives and target of IPLT development as
well as its timeframe. Basic knowledge on treatment technologies will be beneficial, at least on type,
function and performance of each technology as well as its advantages, limitations and financial
consequences. A visit to a number of well-working IPLTs will help their understanding on IPLT and some
treatment technologies.

4.2. Agree on critical factors
When selecting a treatment process for an IPLT, there are a few key questions to ask. Does the chosen
site have the space available for this process? Can this process handle the liquid flow rate in the allotted
footprint? Will there be a budget for electricity for pumping or aeration? What level of expertise is
required for the daily operation or the routine maintenance of the technology? These questions all relate
to critical factors.
A critical factor represents feature, issue and condition that will be the primary consideration for a city in
the selection of septage treatment technologies. Each city will have their own critical factors dependent
on their institutional capacity, affordability, demographical condition and others. A dense populated city
may put potential odor risk as the critical factor. A city with well-establish operator may not consider the
level of operator competence as the critical factor, instead they consider land availability to be their
operating expense.
Most Indonesian cities may put capital and operating expenses as their critical factors. However, more
and more cities are worried about the rejection of communities surrounding the future IPLT locations.
This issue will make potential environment disturbance, such as odor and noise aspects become critical.
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A city that will implement a scheduled desludging scheme may require an IPLT with high capacity.
Assuming the city only has a limited area, the treatment performance and efficiency may become the
critical factor.
There is a possibility that the critical factors could lead towards conflicting recommendations. For
instance, in an IPLT that has limited land availability would be required to use mechanical solution, but
what there may be operating budget constraints that would make a city difficult to afford monthly energy
costs. An analysis tool like a decision matrix or a trade-off study could be utilized. Anyway, critical factors
should be agreed by all parties before the selection process begins.

4.3. Set Development Phase
Another key capacity issue is how an IPLT may need to be expanded over time. This could result from
population growth within the service area, expansion of the service area boundaries, or improved service
coverage by sludge collection companies. A related issue is determining the appropriate starting phase
of a new IPLT. When a utility starts with no previous history or experience of operating an IPLT, they are
likely to have limited operating and maintenance experience. In addition, the new IPLT may initially
receive low sludge flow. However, as the desludging service expands and operating skills improve, the
initial capacity may no longer be sufficient to meet community demands. With the uncertainty and
potential of capacity expansion, it is important to consider the scalability of the process and operational
impacts to the existing facility when selecting technologies.
If the service area has reached stable population, and the fecal sludge supply chain is well established
from household storage to collection and transport, a fixed capacity plant with limited need for expansion
may be appropriate.
If there is room for growth and supply chain development, a phased approach to develop collection
services would be preferable. For instance, a phased program to establish new collection service may
follow these general steps:
•

•
•

Start small with scheduled desludging, perhaps serving the central business areas and most
densely populated residential areas, or areas where specific needs for frequent desludging
already exist. In Indonesia, operators normally keep a record of which area (or kelurahan in
Indonesian Bahasa) septage is taken from, and it is possible to identify the kelurahans in which
demand is greatest from existing records.
The remainder of the service area will be served by an on-demand (on-request or on-call) service
model until a regular desludging (LLTT) service can be expanded city wide.
After the first year or two, once the operator has obtained some experience, the scheduled
desludging program can expand.

Not only collection service benefit from a phased approach, IPLT can also benefit from a modular
approach. A modular or incremental approach that allow additional treatment units to be added easily to
accommodate new treatment capacity would work well is a phased collection service.
Using receiving station as an example. Simple receiving station with a receiving tank are well suited for
initial phases of IPLTs serving even large cities. As flows increase, operators can either i) upgrade the
facility by installing mechanized receiving equipment or add additional receiving station modules (truck
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parking areas, influent hoses and wash down facilities). If the installation of mechanized equipment is
selected for subsequent phases, the simple receiving stations can be utilized as a space for backup.
While receiving station provides an example of how unit treatment process can adopt a modular
approach, section 5.2.2 provides another example of modular approach for the entire treatment system.
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5. Select the Best Treatment Options
5. Select the Best Treatment Options
So far, we have learned about the background of IPLTs in Indonesia, the parameters of septage that help
in the design of IPLTs, what the goals of the treatment process are, and the capabilities and constraints of
available treatment technologies. Now it is time to combine this knowledge and learn how to select a
complete treatment process for your IPLT. In section 5.1 we will discuss the approach for determining
which different treatment trains could be appropriate for your IPLT. Next, in section 5.2, we provide some
suggestions on the importance of good documentation of the process and things to document. In Section
5.3, we present example representative treatment trains for a few situations. Lastly, in section 5.4 we will
highlight some common mistakes that occur while evaluating and selected treatment processes.

5.1. Overall Approach of Technology Selection
Selection of individual treatment unit and the overall treatment trains depend on many factors, including
the characteristics of the material to be treated, the standards governing effluent disposal, the proposed
arrangements for solids disposal or reuse, the capital and operational cost of various treatment options,
and contextual factors such as land availability, capability of the service provider that will be operating
the IPLT. Figure 5-1 exhibits the overall approach for the steps of technology selection, and sections 5.1.1
to 5.1.4 describes these steps in detail.
Determine Treatment
Goals for Liquid and Solids

Agree on Critical Factors
for Technology Selection

Section 5.1.1

Section 5.1.2

Develop Several Options of
Complete Treatment Trains
Section 5.1.3

Compare Different Treatment Train
Options Using Agreed Critical Factors
Section 5.1.4

Select a treatment train that works
the best for the context

Figure 5-1 Steps for Overall Approach for Technology Selection
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5.1.1. Determine Treatment Goals for Liquid and Solids
Before selecting individual treatment technology, the first step is to determine treatment goals for both
liquid (effluent) and solids (sludge or biosolids). Planners or decision makers need to answer questions
such as:
•
•
•
•

Is the effluent being discharged directly to a nearby waterway or water body?
Is there proposed reuse of effluent for irrigation or agriculture purpose?
How will treated solids be disposed?
Are there proposed reuse for biosolids?

Section 3.3 provided detailed description of Indonesian effluent discharge standards and biosolids
treatment requirement in Indonesia and other countries. Once planners or decision makers have
determined treatment goals, they can be communicated to engineers or consultants in the tendering of
detailed engineering design document and process. Engineers or consultants need to use the defined
goals for effluent and biosolids for selection of the treatment trains.

5.1.2. Agree on Critical Factors for Technology Selection
In addition to determining treatment goals, planners and decision makers need to consider constraints
and limitations facing them in building an IPLT. Selection of potential technologies and evaluation of
trade-offs among different treatment trains depend on these constraints. Section 4.3 discussed the
importance of identifying and agreeing on critical factors for technology selection in the planning stage
among all stakeholders. Below is a list of common critical factors to consider:

•

Final effluent and solids requirements
At a minimum, the septage must be treated to meet local and national quality regulations. Any
additional requirements for re-use applications will need to be factored in to the technology
selection. For liquids, pathogen removal will be important for any potential irrigation or
agricultural reuse. For solids, disposal cost determines how dry solids need to be in order to
reduce transportation cost. If the goal is to reuse biosolids, additional solids treatment that reduce
pathogen is necessary.

•

Process complexity and operators’ capability
It is imperative to understand the level of complexity of the technology and the level of expertise
of the operators who will be running the IPLT. For example, if the future operators of the IPLT are
unfamiliar with maintaining, operating, and repairing of mechanical equipment, and cannot get
training or easily accessible technical assistance, then a conventional system may be more
appropriate.

•

Land availability
Land may not be available in high urbanized areas. Moreover, land cost can be substantial if a
treatment process requires a lot of land and/or unit land cost is expensive.

•

Capital budget
Capital cost usually covers cost of land, engineering design, construction and purchase of
equipment.
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•

Operating budget
Operation expense usually include energy, labor, chemicals/consumables, and desludging. It is
important to note that conventional systems, such as waste stabilization ponds and ABRs may
need regular desludging. The cost of desludging can be significant yet is often overlooked.
Planners and/or owners of IPLT need to consider whether they have the necessary tariff structure
or other financial mechanisms to fully cover operation expense. Being able to fully cover
operational cost is paramount in the long-term financial sustainability of an IPLT. Without it, an
IPLT may lack enough money to operation under the designed condition, and subsequently not
achieving designed treatment goals.

•

•

Access to supply chain and technical assistance
If a treatment process requires equipment, chemicals or other consumables, being able to
purchase chemicals, other consumables, spare parts of key equipment regularly and having easy
access to request technical assistance to trouble shoot or help repair sophisticated mechanical or
automation systems are critical to the operation of IPLTs. If these components cannot be
purchases or accessed easily, the IPLT cannot function as designed and consequently may fail to
achieve treatment goals.
Odor, noise and other environmental or social factors
Nearby communities or neighborhoods may oppose to having an IPLT because of odor, noise or
other environmental or social factors. It is important to assess and evaluate the impact of different
treatment technology on these factors. If these factors are priority for a community’s support of
building an IPLT, plans and strategies need to be developed and discussed to address these issues.

5.1.3. Develop Several Options of Complete Treatment Trains
After planners and decision makers determine specific treatment goals and agree on critical factors to be
used for evaluation of treatment trains, engineers and consultants can develop several options of
treatment trains that will achieve treatment goals.
Step 1 Start with Solids-Liquid Separation Units
Because downstream treatment technology (i.e. solids-liquid separation, liquid and solids) has needs on
what need to be removed (section 2.3), we will start with downstream technologies, and revisit
technology selection for receiving station and pretreatment later.
As described in section 2, the most important step within the entire treatment train is the solids-liquid
separation. Some BOD and TSS will be removed at this step as liquid being separated from solids, and
therefore this step determines quality of the liquid stream (or supernatant) that needs to be treated in
the next step. Figure 5-2 describes a process of selecting solids-liquid separation technologies.
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Septage influent flow
(Q, m3/day)

Septage influent Quality
(BOD, mg/L
TSS, mg/L
NH3, mg/L
Total Coliform)

Identify feasible
solids-liquid
separation
technologies

Calculate mass balance
for all feasible
technologies
(Q, BOD, TSS, NH3 %DS)

Supernatant to liquid
treatment
(Qliquid, BOD, TSS, NH3)

Solids
(Qsolids, %DS)

Calculate CAPEX, OPEX, Land Area

Figure 5-2 Process for selecting solids liquid separation technologies
Based on the identified and agreed critical factors, the first step is to eliminate technologies (section 2.5)
that are not practical or feasible given the constraints, such as land size, cost, operator skills or institutional
capacity. Then calculate mass balance3 of key parameters, such as flow, BOD and TSS, for the liquid
stream and solids stream. Appendix C1 provides an introduction of mass balance calculation. Appendix C4
provides detailed mass balance example calculations for recommended solids liquid separation
technologies. It is important to recognize that treatment effectiveness of solids liquid separation is critical
to technology selection for the subsequent treatment stages. Output of this stage provide parameters for
subsequent liquid and solids treatment.
Part of mass balance calculation is to calculate dimensions and/or amount of equipment needed.
Engineers can then use these information to estimate capital expense (CAPEX) and required land areas.
In this calculation, it is also important to consider operational needs, such as regular desludging from
sludge drying beds and ponds. Then engineers can estimate operation expense (OPEX) for each feasible
treatment unit.
Comparison of technologies based on key factors are summarized in Figure 2-3.
Step 2 Identify Liquid Treatment Process Options
After identifying treatment technologies for solids liquid separation stage, the next step is to consider
liquid treatment technologies. The process of identifying liquid treatment process options (Figure 5.3) are
similar to the one for solids liquid separation. After mass balance calculation, engineers need to check
whether designed effluent quality can comply with effluent discharge or reuse standards. If a treatment
process option cannot achieve treatment goal, Engineers need to re-assess and adjust the treatment
process and check whether it will meet treatment goals. If after adjustment, a treatment process still
cannot meet standards, then eliminate this option.

3
A mass balance is an accounting method used to ensure that the mass that enters the system is conserved and carried through from one
process step to the next. The flow from one step goes into the next, and therefore it is crucial to see if the selected treatment train will
perform as you expect. It is important to note that a mass balance can only consider one parameter at a time, and therefore one must be
completed for each required parameter. Since this documents goal is to select technologies we will limit our calculations to TSS, BOD and NH3
for liquids and % Dry Solids for solids in the appendices.

46

46

IPLT Technology Option Selection Guide

Solids Liquid
Separation

Supernatant
(Qliquid, BOD, TSS,
NH3)

Calculate mass balance for all
feasible processes
(Qliquid, Qsolids,BOD, TSS, NH3)

Identify feasible liquid
process

Adjust

Check if effluent No
meet treatment
goal

Eliminate
treatment
process option

Yes
Calculate CAPEX, OPEX, Land Area

Figure 5-3 Process for identifying liquid treatment process options
Depending on the effectiveness of solids liquid separation and raw septage influent, it may require a series
of liquid treatment (or more than one liquid treatment steps). Because of the distinct feature of septage
with high BOD and TSS, comparing with sewage or wastewater, organics and suspended solids may be too
high in the supernatant than typical wastewater range. Therefore, liquid treatment technologies that are
based on wastewater treatment need to be adapted. In this case, anaerobic liquid treatment process
followed by aerobic liquid treatment process can be useful, as it can help reduce significant energy needs
from aeration as well as achieve effluent treatment goals.
Step 3 Continue with Solid Treatment Units
Solids may need additional treatment, depending on the proposed end use for the solids as well as the
quality (e.g.: % DS) of the solids being separated from the upstream steps.
Solids Liquid
Separation
Solids
(Qsolids, %DS)
Solids Treatment Goal
(% DS, pathogen)

Nearby land
No
apply/on-site
storage
Yes

No additional solids
treatment technology
is needed

Dispose to
landfill

Yes

Need to reduce No
disposal cost?

No

Yes

No additional
solids treatment
technology is
needed

Produce
biosolids for
reuse
Identify technologies
that can meet reuse
standards

Identify technologies
that can further
reduce %DS

Calculate mass balance
(Masssolids, %DS,
pathogen)

Calculate mass balance
(Masssolids, %DS)

Calculate CAPEX, OPEX, Land Area

Figure 5-4 Process for identifying necessary solids treatment technologies
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To decide if additional solids treatment is necessary, engineers can follow the process exhibits in Figure
5-4, by solids end use:
•
•
•

•

On-site Storage – Solids are piled and stored at a designated location at the IPLT. If there is enough
area, no additional treatment is needed.
Land Apply – Solids are being applied for other uses near the site of IPLT. If there is enough area, no
additional treatment is needed.
Landfill – Disposing solids to a landfill site often involves transportation cost and tipping fee to landfill
site. This cost can be substantial depending on the distance from the IPLT to the landfill site as well as
the amount of solids need to be disposed. The higher then %DS in the solids, the less weight or volume
it need to be trucked. If an IPLFT wants to reduce the disposal cost, additional solids dewatering
technology that further reduce moisture content in the solids (or increase % DS) may need to be
considered.
Solids Reuse – Depending on the end product, solids treatment process often includes either
additional solids dewatering or pathogen removal or both. Section 3.3 describes standards or
practices for different solids reuse. Engineers need to identify adequate solids treatment processes
to achieve reuse standards.

It is important to note that some of additional solids treatment processes, such as thermal drying, can be
expensive both in capital cost as well as operation cost. A consideration of whether the cost of additional
solids treatment can be recovered from the sale of solids or from tariff is an important factor to consider.
Step 4 Complete with Pretreatment and Receiving Units
After identifying treatment processes in the above steps, it is now the time to decide what need to be
removed in the pretreatment stage. The role of pretreatment is to protect downstream treatment units
and ensure treatment efficacy. Receiving station or an equalization tank may also be necessary in order
to reduce variability of flow for downstream treatment. Figure 5.5 lays out this process. Note that coarse
screen that remove trash and large objects are necessary in all cases, regardless of the downstream
treatment process.
Liquid treatment
Solids Liquid
Separation

Need grit
removal?
Solids Treatment

Yes

Identify grit
removal tech.

No

Need FOG
removal?
Yes

Identify FOG
removal tech.

No

Need EQ tank

No

Calculate CAPEX, OPEX, Land Area
Document Other Information

Yes

Calculate size of
EQ tank

Figure 5-5 Process for deciding necessary pretreatment technologies
Step 5 Draw complete treatment trains
With components identifies from the above steps, engineers can now draw complete treatment trains.
These are feasible treatment process options that can be evaluated by planners and decision makers.
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While complete treatment trains are being prepared, it is important to make sure good design principles
such as adding redundancy to the treatment system and avoid short circuiting, are being considered. For
more information on a detailed discussion on good engineering design principles, refer to Appendix C7.

5.1.4. Compare Different Treatment Train Options
The last step is to evaluate and compare different treatment process options because they may have their
own advantages and disadvantages when being evaluated against critical factors and constraints a city
may face. Planners and decision makers can create a decision matrix to help the final treatment train
selection. Figure 5-6 provides an example decision matrix for comparing of different treatment trains
developed by the steps above.
Treartment Train Option

Description of Treatment Process
Solids
Receving
liquid
Liquid
Solids
station Pre-treatment separation treatment treatment Land Size

CAPEX

Critical Factors
Req. Access to
operator supply
OPEX
skills chain/TA

Odor

Noise

1
2
3

Figure 5-6 Example decision matrix for complete treatment train options evaluation
In order to pick the most appropriate treatment train, planners and decision makers also need to decide
which critical factors are the most important to the future of IPLT. Some factors may carry more weight
than the others; thus a treatment process that satisfies the most important factors may be more favorable
than others. After trade-off being evaluated, planners can select the treatment train that is most
appropriate for their particular context.

5.2. Example treatment process configurations
In this section, example treatment processes for three flow rate scenarios are shown. These examples
are shown in indicative process flow diagrams. Each example will include a brief process description,
reasons of selecting it under the flow rate scenario and its limitations.
It is important to note that the configurations are for illustration purpose. Many details, such as recycled
flow among treatment stages and the precise number of treatment units, are not shown in the
configurations. They are neither conceptual level design layout nor detailed design drawings.
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Frequent desludging can be labor intensive. Due to likely high solids content in raw septage, solids will accumulated very quickly in anaerobic
ponds. Thus requiring frequent desluding. Draining top layer liquid without disturbing accumulated solids can be tricky. In addition to frequent
desludging needs from anaerobic ponds, liquid treatment ponds (facultative ponds) also requires periodic desludging.

This example treatment system is simple, relatively easy to construct and operate. It does not require operation of major mechanical equipment,
and does not require special operator skills. Adequate sizing of ponds and redundancy are critical to this example treatment system. This means
that the system will occupy some land areas. It is a system that is suitable for a place where the area for an IPLT is not a constraint.

Example 1
This first example uses the most conventional technology for the entire treatment train. Septage trucks discharge collected septage at a receiving
tank, where a bar screen is used to manually remove trash and other large objects. Septage then flows to an anaerobic pond and will stay there
for a number of days. Anaerobic pond is is used as a solids liquid separation step. Solids will settle in the anaerobic pond. Separated liquid flows
to a series of anaerobic, facultative and maturation ponds before being discharged to the environment. Depending on the raw septage percent
total solids, it is likely that solids will accumulate quickly in the anaerobic pond. When solids accumulate to half or two thirds of the volume of the
pond, raw septage should flow to another anaerobic pond, where separated liquid need to be drained and accumulated solids will be left dry and
removed for land apply. Redundancy that allow periodic desludging must be included in this system.

The first scenario is for a city where an IPLT will receive very low or low flow rate. A low flow rate can be referred to as 40 m3/day or less for the
purpose of illustration in this reference book.

5.2.1. Scenario 1: Low flow rate
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This system requires large area of land and may not be applicable for a land constrained, highly urbanized context.
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Similar to the example above, desludging from ponds in the liquid treatment can be labor intensive. The solids being desludged from the pond will
be loaded to drying beds to left dry. Adequate sizing of drying beds to accommodate this operation is important.

This example treatment system is common, and it is fairly simple to construct and operate. The advantage of this system over example 1 is the
use of sludge drying beds. Drying beds in general produce solids with higher %DS, making it easier for solids to be handled.

This example also features the most conventional technology for an IPLT. Receiving station, coarse screening and liquid treatment are the same
as example 1 described above. The main difference is that sludge drying beds are used to separate solids and liquid. Screened raw septage is
loaded to sludge drying bed for a designed amount of time. Percolated supernatant from the underdrain flows to liquid treatment process. After
the designed number of days, solids is removed from drying beds to land apply or landfill.

Example 2

After top layer liquid is removed to downstream liquid treatment, the accumulated solids at the bottom of the pond may contain too much
moisture content to be handled or land applied. This means that it may take extra time for solids to be left dry in the ponds before the pond can
be used again.
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Another feature of this example treatment system is that it allows an IPLT to adopt an incremental approach as its flow rate increases over time.
For example, an IPLT can start with a simple system, such as the example 2 described above in scenario 1, with just drying beds and ponds when
flow rate is low at the beginning. Overtime, when flow rate increases and an IPLT faces some land constraint, adding a gravity thicker and surface
aerators to the ponds requires little additional land, but can help the IPLT treat more septage by improving treatment efficiency.

Using surface aerators in ponds improves liquid treatment efficiency. On one hand, surface aerators create an active aerobic process, allow more
organics to be degraded, compared with a facultative pond without aerators with the same footage. This provides the benefit of reducing land
requirement from a conventional treatment process. On the other hand, aerators consumption electricity, requiring reliable power sources and
resulting in higher operating costs.

Compared with the second example in the low flow scenario described above, the use of gravity thickener as a solids liquid separation technology
then followed by drying beds to further dewater solids has the benefit of reducing the size of drying beds, and subsequently the overall land
requirement of the treatment process.

Example 1
Raw septage is received in a tank with manual bar screen. Septage then flows to a gravity thickener, where solids settles at the bottom of the
thickener and are then loaded to drying beds. Overflow of liquid and percolate from drying beds are mixed in an equalization tank. Then flow are
being treated in aerated ponds, maturation pond and polished in a constructed wetland before being discharged to the environment. Dried solids
can be trucked to landfill sites or being land applied.

The second scenario is for a city where an IPLT will receive medium flow rate. A medium flow rate can be referred to as 90 - 150 m3/day for the
purpose of illustration in this reference book.

5.2.2. Scenario 2: Medium flow rate
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This treatment process requires higher skills from operators to handle a complex mechanical system and to clean media from trickling filter
periodically.

Compared with the example above, this treatment train uses more mechanical equipment, and as a result will have a much higher energy cost in
operation expense. In addition, the treatment train uses chemicals and consumables. For example, the mechanical dewatering process require
combine septage with polymer prior to be dewatered. This results in additional operational cost. From observed experience, polymer cost can be
a significant part of the operating expense.

One of the reason for a city to consider this treatment process could be land constraint. This treatment process does not require large footprint,
which can be an advantage in highly urbanized areas or places where land cost is expensive.

Example 2
In this example treatment train, solids and liquid are separated by a mechanical dewatering machine, such as screw press, after manual coarse
screen. Supernatant from mechanical dewatering unit flows to an equalization tank to allow continuous feeding to liquid treatment. Trickling filter
removes organics in liquid stream and suspended solids settles in the clarifier followed by the trickling filter. Prior to discharge, effluent is
disinfected by chlorination. Dewatered solids can be trucked to landfill or be land applied.
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Capital and operational expenses are likely to be very high for this treatment train.
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However, in order for this treatment system to function in the long-term, it has lots of requirements, including reliable power supply and easy
access to purchase chemicals, spare parts and obtain technical assistance for various complex mechanical systems. This treatment train also
requires operators with skill to handle mechanical systems as well as basic knowledge and understanding of wastewater treatment.

This is a fully mechanized system which is land intensive. In other words, this treatment system occupies small footprint. For this reason, it may
be attractive to cities with large population where available land is limited.

Example 1
For large flow rate, manual screen may no longer be efficient. Mechanical screens will be used to remove large objects and/or grit or FOG. After
being separated by mechanical dewatering machine, liquid will be treated by a packaged activated sludge systems and disinfected by chlorination.
Dewatered solids can be trucked to landfill site.

The third scenario is for a situation which an IPLT will receive large amount of septage. A large flow rate can be referred to as 300 m3/day or more
for the purpose of illustration in this reference book.

5.2.3. Scenario 3: Large flow rate
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Both treatment systems require operators to have high skills and some knowledge of wastewater treatment in order to properly operate liquid
treatment process.

This example also illustrated the concept that to produce a beneficial reuse produce, additional solids treatment is necessary after solids are
dewatered or achieved with sufficient % DS to be handled. The additional solids treatment means higher capital and operational costs. Sometimes,
the additional solids treatment also requires large amount of additional land, such as composting in this example. Therefore, it is important that
planners and decision makers make careful assessment and evaluation of demand and market of beneficial reuse products.

Comparing the two examples, on one hand, this treatment process has less complex mechanical systems and has lower energy requirement, which
might be appealing for a city where capital and operating budget are limited. On the other hand, the area of land required from this treatment
system is much more substantial than the example above, even without the composting treatment process. Although oxidation ditch is also an
extended aeration, activated sludge process, it requires a large footprint for the tank where the reaction occurs.

Example 2
The difference between this treatment train and the example above are two folds: 1) oxidation ditch are used for liquid treatment, and 2)
dewatered solids is composted to produce a benefit reuse product.

5.3. Common Mistakes in Selection
1.
2.
3.
4.
5.
6.
7.

Not consulting with future operators.
Underestimate the difficulty in operating complex mechanical equipment.
Underestimate costs associated with operation of mechanical equipment.
Underestimate the size of passive treatment processes.
Overestimate ability to rapidly collect septage and reach design capacity.
Not accounting for the removal of waste products and desludging in the plant design.
Not accounting for the removal of waste products and desludging in the plant design.

5.4. Document selection process
Finally, it is emphasizing the importance of develop good practices pf documenting the technology
selection process. The documentation keeps a complete record from planning to detailed design,
providing necessary information for owners and operators of an IPLT. If changes need to be made, these
documentation records the thought process of how technologies were chosen. Below we recommend
some good practices.
Record meeting minutes to track and record any key decisions. These are especially important for any
conversations with equipment vendors and consultants. Perhaps statements made in meetings will have
more meaning later on after more detailed planning and design has begun.
Keep a checking list of critical issues that you go through periodically to remind yourself of questions and
concerns that haven't been addressed yet. In early stages of planning it is easy to think your
questions/concerns will be addressed at later stages after more research or more conversations with
experts. But they may not, and it is important to continually question assumptions and decisions that are
being made.
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Glossary of Definitions and Terms

Some of the following terms (from the Consortium of Institutes for Decentralized Wastewater
Treatment, 2013) are used in this manual. The ones not used in the manual are still important, and you
will likely encounter them as you proceed:
Aerobic Treatment Unit (ATU) — 1. Treatment component that utilizes oxygen to degrade or
decompose wastewater, with or without mechanical means; 2. Term traditionally used to describe
proprietary devices that use direct introduction of air into wastewater by mechanical means to maintain
aerobic conditions within the pretreatment component.
Anaerobic digestion — The degradation of concentrated wastewater solids by anaerobic bacteria. These
break down the organic material into inert solids, water, carbon dioxide, and methane, which can
provide energy benefits.
Baffle — Physical barrier placed in a tank to dissipate energy, direct flow, retain solids and fats, oil and
grease (FOG), and/or draw water from a specific depth. In a septic tank, an inlet baffle is a pipe, tee, or
wall segment at or near the inlet pipe of a tank which is designed to dissipate energy, direct flow below
the wastewater surface, isolate scum from the inlet pipe, and allow ventilation. An outlet baffle is a Pipe
tee or wall segment at or near the outlet pipe of a tank designed to collect flow from the clear zone,
isolate scum from the outlet pipe, and allow ventilation.
Biosolids — Dewatered, primarily nutrient-rich organic material generated as a by-product of biological
wastewater treatment processes that can be recycled (such as for use as a soil amendment).
Biochemical oxygen demand (BOD) — Quantitative measure of the amount of oxygen required for the
biological oxidation of nitrogenous material (such as ammonia nitrogen and organic nitrogen) in
wastewater; typically measured after a 5-day period.
Chemical oxygen demand (COD) — Amount of the organic matter in wastewater that can be oxidized by
a very strong chemical oxidant; typically measured by a standard test using dichromic acid as the
oxidant.
IPLT Technology Option Selection Guide A.1
Coliform bacteria — Group of bacteria that constitute most of the intestinal
flora of warm-blooded
animals (including the genera Klebsiella sp., Enterobacter sp., Citrobacter sp., or Escherichia sp.) and are

A.2

IPLT Technology Option Selection Guide

Glossary of Definitions and Terms

Some of the following terms (from the Consortium of Institutes for Decentralized Wastewater
Treatment, 2013) are used in this manual. The ones not used in the manual are still important, and you
will likely encounter them as you proceed:
Aerobic Treatment Unit (ATU) — 1. Treatment component that utilizes oxygen to degrade or
decompose wastewater, with or without mechanical means; 2. Term traditionally used to describe
proprietary devices that use direct introduction of air into wastewater by mechanical means to maintain
aerobic conditions within the pretreatment component.
Anaerobic digestion — The degradation of concentrated wastewater solids by anaerobic bacteria. These
break down the organic material into inert solids, water, carbon dioxide, and methane, which can
provide energy benefits.
Baffle — Physical barrier placed in a tank to dissipate energy, direct flow, retain solids and fats, oil and
grease (FOG), and/or draw water from a specific depth. In a septic tank, an inlet baffle is a pipe, tee, or
wall segment at or near the inlet pipe of a tank which is designed to dissipate energy, direct flow below
the wastewater surface, isolate scum from the inlet pipe, and allow ventilation. An outlet baffle is a Pipe
tee or wall segment at or near the outlet pipe of a tank designed to collect flow from the clear zone,
isolate scum from the outlet pipe, and allow ventilation.
Biosolids — Dewatered, primarily nutrient-rich organic material generated as a by-product of biological
wastewater treatment processes that can be recycled (such as for use as a soil amendment).
Biochemical oxygen demand (BOD) — Quantitative measure of the amount of oxygen required for the
biological oxidation of nitrogenous material (such as ammonia nitrogen and organic nitrogen) in
wastewater; typically measured after a 5-day period.
Chemical oxygen demand (COD) — Amount of the organic matter in wastewater that can be oxidized by
a very strong chemical oxidant; typically measured by a standard test using dichromic acid as the
oxidant.
Coliform bacteria — Group of bacteria that constitute most of the intestinal flora of warm-blooded
animals (including the genera Klebsiella sp., Enterobacter sp., Citrobacter sp., or Escherichia sp.) and are
used as water pollution indicator organisms.
Composite sample — Commingled individual samples collected from the same point at different times;
samples may be of equal volume or may be proportional to the flow at time of sampling.
Desludging — The process of cleaning or removing the accumulated sludge or septage from a septic
tank or wastewater treatment facility.
Dewatering – Additional removal of moisture from the biosolids after thickening. Dewatering can be
done naturally (drying beds, solar drying), however this is only possible during a long period of time.
Machine processes such as screw presses and filter presses can accomplish dewatering faster using
much less space, however the capital costs are higher.
Domestic sewage — Wastewater of residential strength, or effluent from a septic tank or other primary
treatment device with a BOD5 less than or equal to 170 mg/L; total suspended solids (TSS) less than or
F-1
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equal to 60 mg/L; and fats, oils, and grease less than or equal to 25 mg/L. It may include wastewater
from commercial or food service sources, but not industrial wastes.
Dry weather flow — The flow of wastewater in a combined sewer during dry weather. Such flow consists
mainly of wastewater with no storm water included.
Excreta — Human waste composed of urine and feces.
Effluent — Liquid flowing out of a component or device.
Facultative — Having the ability to live under different conditions; for example, with or without free
oxygen.
Grab sample — Discrete sample collected at a particular time and location.
Helminthes — Parasitic worm-like organisms that feed off living hosts and produce eggs that persist in
wastewater effluent and septage sludge unless properly treated.
Imhoff cone – A simple testing device to measure the settleability of solids in solution.
Impermeable — Not permitting the passage of fluid through pores; in practical terms, some small level
of hydraulic conductivity may occur, but at so low a level (e.g., 1 x 10-7 cm/s) that it is considered to be
negligible.
Lagoon — Constructed basin lined with either soils with very low permeability or a synthetic material,
surrounded with berms and which contains wastewater which utilizes natural bacteria to break down
waste via physical, chemical, and biological processes. Maybe aerobic — shallow allowing dissolved
oxygen to permeate throughout the depth; aerated — using mechanical devices to impart dissolved
oxygen to the water; facultative — having both oxygen-rich and oxygen poor zones; and anaerobic —
where dissolved oxygen is devoid throughout the entire water column.
Methane (CH4) — A colorless, odorless, and flammable gas present in natural gas and formed by the
anaerobic decomposition of organic matter or produced artificially by heating carbon monoxide and
hydrogen over a nickel catalyst. See also: anaerobic digestion.
Nutrients –
Pretreatment — Any component or combination of components that provides treatment of wastewater
prior to conveyance to a final treatment and dispersal component or reuse; often, this treatment is
designed to meet primary, secondary, tertiary, and/or disinfection treatment standards.
Primary treatment — Physical treatment processes involving removal of particles, typically by settling
and flotation with or without the use of coagulants; (e.g., a grease interceptor or a septic tank provides
primary treatment)
Scum — Layer of floating material on a liquid surface which may include fats, oil, and grease (fog) or
other solid wastes that float.
Secondary treatment — Biological and chemical treatment processes designed to remove organic
matter; a typical standard for secondary effluent is BOD and TSS generally to a level of less than or equal
to 20 mg/L each on a 30-day average basis.
F-2
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Septage — Liquid and solid residuals (sludge) that accumulate and must ultimately be removed from
pretreatment devices, septic tanks, seepage pits, portable toilets, or similar components.
Service provider — A public or private entity engaged in site evaluation, system design, construction,
inspection, and operation and maintenance. Includes those that collect, transport, and treat septage
and fecal sludge.
Sewage — Untreated wastes consisting of blackwater and graywater from toilets, baths, sinks,
lavatories, laundries, and other plumbing fixtures in places of human habitation, employment, or
recreation.
Sewer — Otherwise known as sewer collection systems, they are systems of piping, lift stations, and
other appurtenances that receives and conveys wastewater either by gravity or pressure.
Sludge — Precipitated solid matter with a highly mineralized content produced by domestic wastewater
treatment processes.
Thickening – Concentrating the solids in a wastewater or septage treatment process. Thickened sludge
contains 1.5% to 3% solids.

F-3
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Appendix B
Sampling Plan for Influent Water Quality
References:

Strande, L. Ronteltap, M., and Bradjanovic, D. (2014). Fecal Sludge Management: Systems Approach for Implementation and
Operation. IWA Publishing. http://www.unesco-ihe.org/sites/default/files/fsm_book_lr.pdf
APHA/AWWA/WEF. (2005). Standard Methods for the Examination of Water and Wastewater. 21st Edition. American Public
Health Association, American Water Works Association, and Water and Environment Federation Publication. Washington, D.C.

Why Sampling is Important
There is little detailed information on the characteristics of fecal sludge. The few studies that are available
have shown that the characteristics of fecal sludge and municipal wastewater are very different. Key
parameters such as total solids, organic matter, and ammonia concentrations in fecal sludge can be higher
than domestic wastewater by a factor of ten or a hundred. This implies that some widely used treatment
technologies that work well for municipal wastewater may not be appropriate for treating fecal sludge.
There is also often significant variability in fecal sludge in one city compared to another, likely due to the
influence of groundwater, construction practices for septic tanks, geology, climate and cultural patterns.
This can be illustrated by our review of sampling data collected at 8 sludge treatment facilities in Indonesia
(see Appendix B) where significant variation was seen between different cities. The significant variation
between cities and the in ability to apply “standard wastewater” design assumptions means that collecting
samples and characterizing fecal sludge for each specific case is vital for design and size of appropriate
treatment facilities. The following section lists key water quality parameters that should be sampled to
gather information to allow selection of treatment technologies based on actual sludge quality in a given
city.
What to Sample
• Primary importance
o Grit content
The presence of grit and sand can increase the frequency of clogging in pipes and pumps, and
has a major influence on other solids parameters such as Total Solids and Sludge Volume
Index. The grit will behave very differently in treatment processes to suspended organic solids
and is therefore good to measure and identify. Grit and sand concentration can be
determined by first drying the sample at 105 ⁰C, then at 550 ⁰C to obtain the total fixed solids.
The ashes are then treated with a hot mixture of nitric acid and hydrochloric acid. The amount
of grit and sand is obtained after filtration following calcination at 1,000 ⁰C.
o

Fats, Oil and Grease
FOG content is important to consider because it can cause maintenance problems with sludge
treatment facilities, reduce microbial degradation due to decreased solubility, and reduce
A-1
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efficacy of mechanical dewatering or sludge drying beds. Extraction with solvents can be used
to determine concentrations of oil and grease.
o

Total Solids (TS)
TS concentration (mg/L) consists of organic (volatile) and inorganic matter. It is quantified as
the material remaining after a sludge sample has been evaporated and dried at 103 – 105 ⁰C
after 24 hours. Total solids value are important for designing and sizing solids treatment
technologies such as sludge drying beds.

o

Volatile Solids (VS)
VS is commonly expressed as a percentage of TS. It is the fraction of the total solids that are
ignited and burned off at a temperature of 500 ⁰C. This fraction is considered to be the organic
portion. The residual after ignition are considered to be the inorganic portion. The VS to TS
ratio is an indicator of the relative amount of organic matter in fecal sludge.

o

Total Suspended Solids (TSS)
TSS is the portion of the TS retained on a filter with a specified pore size after being dried at
103 – 105 ⁰C. Most commonly used filter is the Whatman glass fiber filter with has a nominal
pore size of about 1.58 micrometers. The proportion of TSS that are ignited and burned off at
500 ⁰C is called Volatile Suspended Solids (VSS). If it is impractical to measure grit and sand
concentration by standard methods, the TSS to TS ratio can be an indicator of grit and sand
content.

o

Sludge Volume Index
SVI (mL/g) measures the settling ability of sludge
based on the amount of suspended solids that settle
out during a specified amount of time. To determine
SVI, the suspended solids content need to be
measured first. Then fill samples to a graduated
Imhoff cone to let it settle for 30-60 minutes. Then
measure the volume occupied by the settled sludge in
mL/L. The SVI is then calculated by dividing the
volume of settled sludge by the suspended solids
concentration (in g/L). SVI values provide indication of
how easily solids can be separated in a settling tank.
Literature suggests a SVI value of less than 100 mL/ g
SS implies good solids-liquid separation in settlingthickening tanks.

o

Imhoff cones used for SVI laboratory test

Biochemical Oxygen Demand (BOD)
BOD measures the amount of oxygen required by microorganisms to degrade organic matter.
BOD is usually expressed on a 5-day, 20 ⁰C basis. BOD5 can be quantified by the amount of
A-2
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oxygen in mg O2/L after sludge samples are incubated at 20 ⁰C for 5 days. Note that this
method measures total BOD.
It is vital to distinguish BOD (i.e. total BOD) with cBOD, from both sampling and discharge
standard perspective. cBOD is an indicator for carbonaceous biochemical oxygen demand. It
measures the amount of oxygen depleted by biological organisms in a sample in which the
contribution from nitrogenous bacteria has been suppressed. By adding 10 mg/L of
trichoromethyl pyridine to the BOD test bottles, nitrification is inhibited, and after 5 days of
incubation at 20 ⁰C, cBOD5 can be determined.
When circumstances allow, measurement of soluble cBOD5 can enhance treatment facility
designs because soluble cBOD5 represents the actual amount of carbon that need to be
treated by the process. Soluble cBOD5 can be measured by filtering the sample with a 0.45
micrometers membrane filter and follow the cBOD5 procedure described above.
o

Chemical Oxygen Demand (COD)
COD represents the oxygen equivalent of the organic matter that can be oxidized chemically
with potassium dichromate. It indirectly measure the amount of organic matter in a sludge
sample. COD concentrations will be higher than BOD because potassium dichromate can
oxidize i) complex organic matters that are resistant to biodegradation, ii) some inorganic
substances, and iii) inhibition of bacteria in the cBOD test. Compared with cBOD5 test,
laboratory analysis of COD is more convenient and less time consuming, taking a few hours
to complete. However, it is important to note that COD test should be considered as an
independent measure of organic matter rather than a substitute of BOD test. COD to BOD
ratio is a common indicator for how easily organic matter can be degraded biologically. A low
COD/BOD ratio (~2) means that sludge are easily degradable. It is expected that many fecal
sludge will be less easily biodegradable (i.e. have a higher COD to BOD ratio) than municipal
wastewater as some digestion has occurred in the septic tanks already. Literature categorizes
COD/BOD ratio of 2.5-3.0 as high for municipal wastewater 1 and COD to BOD ratios for sludge
may exceed this value.

o

Ammonia-N (NH3-N)
Prior to determine ammonia concentration, a preliminary distillation step is required. There
are several methods to measure the amount of ammonia-N in sludge: titrimetric method is
used for concentrations greater than 5 mg/L; ammonia-selective electrode method is
applicable over a wide range from 0.03 to 1400 mg NH3-N/L; and phenate method is

Source: Henze and Comeau (2008). Wastewater Characterization. Available at http://ocw.unescoihe.org/pluginfile.php/462/mod_resource/content/1/Urban_Drainage_and_Sewerage/5_Wet_Weather_and_Dry_Weather_Flo
w_Characterisation/DWF_characterization/Notes/Wastewater%20characterization.pdf
1
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applicable over the range of 0.02 to 2 mg NH3-N/L 2. To prevent volatilization, samples must
be refrigerated and analyzed within 24 hours, or frozen or acidified to pH 2 for analysis within
28 days.
The concentration of ammonia-N is important because excessive concentration of ammoniaN can be toxic to certain treatment mechanisms. For example, high ammonia concentration
of 80 mg/L inhibits methane-forming bacteria and subsequently impedes anaerobic digestion.
High ammonia-N concentration of 50-70 mg/L can severely hinder algal growth in facultative
ponds, which prevents biodegradation of organic matter and reduces the ability to remove
BOD.

•

o

pH
Measurement of pH gives fundamental understanding of water chemistry in sludge samples.
The pH can impact treatment mechanisms such as biological stabilization, precipitation and
coagulation. The pH of fecal sludge typically ranges from 6.5 to 8.0. A pH range outside of 6
to 9 may inhibit anaerobic digestion and methane production. The pH can be measured with
electrodes and meters and pH papers.

o

Alkalinity
Alkalinity measures the ability of sludge to buffer against a pH change or to neutralize acids.
It is measured in mg/L as calcium carbonate (CaCO3).

Secondary Importance
o Total Phosphorous
Phosphorous present in fecal sludge in various forms, including phosphate, the acid of base
form of orthophosphoric acid (H3PO4/PO4-P), or organically bound phosphate. To quantify
total phosphorous, an initial UV absorbance analysis of the sample is used to characterize the
suspended content. The acid hydrolysis is followed to liberate condensed phosphate. Finally,
the Vanadomolybdate Method is used to analyze the total reactive phosphorus.
o

Total Nitrogen (TN)
The concentrations of total nitrogen concentration in fecal sludge samples are typically much
higher than the concentration in domestic wastewater. Nitrogen can be present in a
combination of ammonium (NH4-N)/ammonia (NH3-N), nitrate (NO3-N)/nitrite (NO2-N), and
organic forms of nitrogen. Total nitrogen can be determined the sum of TKN and nitrate
results.


Total Kjeldahl Nitrogen (TKN)

Source: Standard Methods for the Examination of Water and Wastewater. Available at
http://www.umass.edu/mwwp/pdf/sm4500NHtitr.PDF

2
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TKN is the sum of organic nitrogen and ammonium (NH4-N)/ammonia (NH3-N). It can
be determined by macro-kjeldahl method, semi-micro-kjeldahl method, or block
digestion and flow ingestion analysis.


Nitrate (NO3-N)
APHA has several procedures to measure nitrate (NO3-N)/nitrite (NO2-N) in samples,
including ion chromatography, capillary ion electrophoresis, cadmium reduction,
hydrazine reduction, cadmium reduction flow injection, or UV spectrophotometric
method.

What to Include in a Sampling Plan
Besides the need to characterize fecal sludge, the quality of the characterization can be strongly impacted
by the way in which samples are collected and laboratory tests procedures are followed. The section
suggests a possible sampling plan on how many samples to collect and how often to collection them. It
also highlights key points to consider for obtaining representative samples and getting quality sample
results.
•

How many and how often to sample
1) Start with 3 consecutive days of sampling and 20 samples (i.e. from 20 trucks) each day in an
initial phase (i.e. 60 samples in total).
2) It is suggested that the data gathered during this initial three-day effort is reviewed as soon
as possible and prior to subsequent sampling events.
 For parameters that show consistency among all samples, the number of samples to
be collected in the next phase for the parameter can be reduced.
 The review may also show up questions about the sampling methods or the
laboratory tests (from the split samples).
3) It is suggested after the initial results have been received and reviewed, another 3 days of
sampling with 20 samples each day occurs.
4) The data should then be reviewed again. This process should be continued until sufficient
trends have been identified to provide confidence in the sludge characterization.
 A useful question to help determine when that is the case is whether it is possible to
predict average sampling concentrations for key parameters based on previous
sampling before the results come back in.

•

Develop a sampling logistic plan to obtain representative and high quality samples
How samples are collected from each truck should be carefully considered to obtain a representative
sample from the truck. Below are some useful factors to consider and to include in the logistic plan
in order to achieve this goal.
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o

Take samples at different times of truck discharge and mix them to get a composite sample
Since trucks are taking septic tank sludges from various places, and depending on the time of
desludging for each septic tank and transit to a treatment facility, septage in a tank may not
be well mixed. Therefore, how samples are collected from each truck should be carefully
considered to get a representative sample from the truck. To the extent possible, the truck
contents should be mixed, and then some of the sample should be gathered and a composite
sample through a truck discharge should be taken.
If mixing the truck content is difficult, here is another option.
First, take a sample at each of the times of discharge below:
 Some from start: this sample probably has the majority of what has settled
 Some from in-between: this sample contains partially mixed septage
 Some from end: this sample is probably more dilute as some solids may have settled
Then, mix equal amounts of these samples to get a composite sample prior to sending to lab.

o

Sample in different seasons
It is important to start sampling right away so that data of septage can feed into design
process at early stage. Ideally, collecting samples in different seasons (i.e. rainy season and
dry season) can help designers and operators to determine if the rainy season affects sample
statistics. To the extent possible, conduct sampling plan, described above, in the dry season
and start again in the rainy season. Having samples in different seasons allow the comparison
of data statistics and decide whether there are temporal or seasonal variations in received
septage.

o

Sample at different locations
Ideally, having samples that are collected from different locations in the city and region can
help designers to observe whether spatial variation exists. This can be done by documenting
service areas of septage trucks.

o

Carefully plan sampling logistics
Creating a sampling logistics plan is critical. Sampling time need to be carefully planned to
ensure that samples are in lab fast enough. The logistic plan also need to make arrangements
for samples that need extra care for testing certain parameters (e.g. Ammonia-N).

o

Carefully maintain collected samples
After samples are collected from each truck, it is important to maintain these samples with
attention. Some examples are:
 Close sample containers after taken out the amount for the purpose of mixing into a
composite sample
 Keep sample cool
 Analyze samples as soon as can and within 8 hours to maintain sample quality
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o

•

Control laboratory test quality
It is recommended that at least 5% of samples are split between labs to provide confidence
in the results being received from a given lab.

The following checklist can be helpful in developing a sampling plan that will obtain quality sample
data and results.

There is a written sampling plan

Y

N

The number of samples, the analytical tests, and the sampling locations have been identified in the plan.
The laboratory that will do the analysis has been contacted, procedures have been reviewed, and services
have been scheduled.
All sampling bottles, sample preservatives, labels, ice chests, and Chain of Custody forms have been
received.
The person(s) who will conduct the sampling has been trained in proper procedures.
Health and safety training, as well as the required personal protective equipment, has been provided.
Access to the sampling locations is open and unrestricted.
Transport of the samples to the laboratory has been arranged and will be done within the required hold
times.
The laboratory is licensed to conduct the required work and that they have a QA/QC plan.

•

•

Document relevant information for each sample
In addition to the samples taken from each truck, other information is critical to collect as part of the
sampling process. Valuable information include It is recommended to develop a template to clearly
document the following information with each sample that is taken to support later analysis.
o Date
o Carefully record time sampled and time analyzed
o Current season and recent weather conditions
o Type of truck (e.g. private vs government owned)
o Capacity of truck
o Where sample taken from
 Area of town
 Type of institution (e.g. household, school, business)
o Method of breaking up sludge used in septic tank (e.g. was the top opened)
o How often owner said they have to pump out septic tank
o Any information about the groundwater level where the sample was taken from.
o Percentage of septic tanks which have no significant soakage pits from them
For more details and further practical information, see Chapter 2 of Fecal Sludge Management:
Systems Approach for Implementation and Operation. Available at
https://www.unesco-ihe.org/sites/default/files/fsm_ch02.pdf
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•

The following is an example of template for documenting key information for samples collected from
each truck

Sampling Information Collection Worksheet
General Information
Date
Sampling Staff
Current Season
Truck Plate
Truck Service Area

Testing Staff/Lab
Weather Condition
Truck Capacity

Type of Institutions Served
Briefly describe how sludge is collected from septic tank
Briefly describe how often owner said they pump out septic tank
Briefly describe groundwater level where septage are collected

Estimate percentage of septic tanks from which there are no significant soakage pits
Sampling Information from Truck

Date of sample

Time of
Collection for
Each Grab
1
2
3
1
2
3
1
2
3

Time of
Collection for
Composite

Date Tested/
Received by Lab

Time
Analyzed

Date
Reported by
Lab
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Appendix C
Details of Technology
This appendix will cover the design, operational/monitoring requirements, in-country examples, and
sample calculations for each of the technologies discussed in the main selection guide. It serves to
supplement the main guide with more detail and is generally structured as follows:
Fundamentals: This section gives a general overview of the treatment technology and describes what it
is used for and when it is appropriate to be used. The section usually includes a detail and description to
show how it works in addition to its expected achieved performance.
Operational, monitoring, and additional requirements: This section will list the key operational
considerations and monitoring requirements for the technology. Other considerations such as CAPEX
and OPEX may also be discussed.
Examples in Indonesia: Where available, real-world case studies of the application of these technologies
in Indonesia are provided with specific design parameters. Lessons learned and unique findings from
operational issues and challenges faced are shared to help better inform planners and guide the future
application of these technologies.
Design criteria and example calculations: This section will present common design criteria,
considerations, and assumptions and then goes through an example calculation step-by-step using those
guidelines. Example calculations are only provided for the technologies that are recommended, while
others may be optional. Additional calculations may also be provided to supplement the example and
demonstrate important points. The design example and calculations aim to serve as a conceptual level
design to provide preliminary sizing estimates and enough technical understanding for planners to
estimate costs and institutional needs. For more detailed design calculations and examples, refer to
design manuals/texts: Design of Municipal Wastewater Treatment Plants (WEF, 2010) and Wastewater
Engineering: Treatment and Reuse (Metcalf & Eddy, 2003).
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C1. Mass Balance
The design and sizing of IPLT treatment technologies involves understanding and using mass balance
principles. This section will review a mass balance example to introduce this concept and help answer
key design questions.

Scenario
An aerated pond at a small capacity IPLT is used to treat the liquid waste stream. There are concerns
about high levels of TSS in the raw septage. A sludge drying bed could be implemented to lower the
concentration of TSS to remove these concerns. A TSS mass balance in the sludge drying bed will
determine if this is a possible solution.
First, review the influent septic characteristic and TSS levels in the table below:
Parameter
Flow Rate (QIn)
TSS influent concentration (CTSS,In)
TSS effluent concentration (CTSS,Out)
TSS effluent removal rate
Volume removed through
evaporation
Volume removed through drainage
Dry Solids %

Value
40m3/d
18,000mg/L
5,000mg/L
78%
20%

Reference
Small Capacity IPLT flow

75%
30%

Typical value; FSM book

Metcalf and Eddy, 2003
Typical value; FSM book

The general Mass Balance formula describes that the mass that enters the system must be conserved by
either leaving the system, staying/accumulating in the system, or reacting to form something else.
In a sludge drying bed used for Solid-Liquid Separation, raw sewage will flow into the system and
portions of the sludge will leave the system through evaporation or flow through the under drain
system, a portion will accumulate on top of the drying bed and need to be removed, and another
portion may degrade like BOD which is being consumed by bacteria.
General Mass Balance Equation:
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 � � + 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 � � + 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 �

It can be assumed that there is no reaction or degradation of TSS. The mass accumulation will be the
dried sludge that will need to be removed for further treatment or sent to a landfill. And the mass out
will consist of an evaporation and an effluent. The following is the mass balance equation for TSS in a
Sludge Drying bed:
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸. � � + 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 � � + 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 � �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 �

The incoming TSS mass can be found using the flow rate from the receiving station/pretreatment steps
and the concentration of TSS in that influent:
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
� = 𝑄𝑄𝑄𝑄𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 � � × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 � � [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿

𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 �
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𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘 1000𝐿𝐿𝐿𝐿
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
� = 40
× 18,000
�
×
� = 720
3
6
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿
1 𝑚𝑚𝑚𝑚
1𝐸𝐸𝐸𝐸
𝑑𝑑𝑑𝑑

𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 �

The equation for the mass leaving the system, MTSS,Out.
𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 � � + 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 � �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

To calculate the mass leaving the system through evaporation and drainage (effluent), use empirical
data that is available for Sludge Drying Beds. The percent volume removed data will be needed to
determine the flow rates for each evaporation and drainage.
𝑄𝑄𝑄𝑄𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
� = 𝑄𝑄𝑄𝑄𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 � � × % 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑄𝑄𝑄𝑄𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �
𝑄𝑄𝑄𝑄𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
� = 40
× 20% = 8
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
� = 40
× 75% = 30
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

Calculate the concentration of TSS in the effluent:
𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �

Mass leaving the system:

𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �

𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
� = 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 � � × % 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿

𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
� = 18,000
× 78% = 3,960
𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 � � = ��𝑄𝑄𝑄𝑄𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � � × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � �� + �𝑄𝑄𝑄𝑄𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � � × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � ��� × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1000𝐿𝐿𝐿𝐿
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = ��8
× 0
� + �30
× 3,960
�� �
×
� ≅ 120
3
6
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿
1 𝑚𝑚𝑚𝑚
1𝐸𝐸𝐸𝐸
𝑑𝑑𝑑𝑑

𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 �

Before finding the mass accumulating in the system, MTSS,Accum, the flow rate in the system is the
difference between the flow into the system and the flow leaving through evaporation.
𝑄𝑄𝑄𝑄𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 �
𝑄𝑄𝑄𝑄𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
� = 𝑄𝑄𝑄𝑄𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 � � − 𝑄𝑄𝑄𝑄𝑂𝑂𝑂𝑂𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 � �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
� = 40
− 38
=2
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

Mass accumulating in the system, MTSS,Accum can be determined using the this flow rate and a typical dry
solids concentration for drying beds:
4
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𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
1000𝐿𝐿𝐿𝐿
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = 𝑄𝑄𝑄𝑄𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 � � × %𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 �
×
�
3
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
1 𝑚𝑚𝑚𝑚
1𝐸𝐸𝐸𝐸 6

𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 �
𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1000𝐿𝐿𝐿𝐿
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
�= 2
× 300,000
×�
×
� = 600
3
6
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿
1 𝑚𝑚𝑚𝑚
1𝐸𝐸𝐸𝐸
𝑑𝑑𝑑𝑑

Ensure that the equation is balanced:

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝐴𝐴𝐸𝐸𝐸𝐸. � � + 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 � � + 𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑜𝑜𝐴𝐴𝐴𝐴 � �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
�=0
120
+ 600
= 720
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑀𝑀𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 �

Compare the calculated TSS concentration of the effluent and compare it to the maximum influent
standard used for an Aerated pond:
𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 3,960

𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
< 5,000 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑇𝑇𝑇𝑇𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀
𝐿𝐿𝐿𝐿

The SDB TSS effluent concentration is low enough to be treated in an aerated pond, but not by much. As
the TSS increases, the power requirement will increase, so even though the design could work, it would
be a good idea to continue to analyze this treatment process to determine what the energy requirement
would be. The figure below details the flow rate, concentrations, and masses in the system mass balance.
Flow from Pre-treatment
Qin
= 40 m3/d
CTSS,in = 18,000 mg/L
MTSS,in = 720 kg/d

Evaporation
Qevp
= 8 m3/d
CTSS,evp = 0 mg/L
MTSS,evp = 0 kg/d

Sludge Drying Bed

Solids
Qs = 2 m3/d
CTS,s = 300,000 mg/L
MTS,s = 600 kg/d
Liquid Effluent
= 30 m3/d
Qeff
CTSS,eff = 3,600 mg/L
MTSS,eff = 120 kg/d
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C2. Septage Receiving
Septage receiving refers to the process of transferring waste from a truck to a treatment plant. This is the
first step in the process leading to preliminary treatment where large inorganic objects including debris,
metals, and plastics are removed from the septage received by the plant. It is important to have a welldesigned septage receiving area because it encourages safe disposal of waste and ensures smooth
operation of the plant through:
•
•

•
•

Proper record keeping by either attendants at simple stations or users at automated systems
Facilitating easy vehicle access to the plant inlet to discharge their contents, providing sufficient space
for vehicles to turn and exit facility, and proper drainage in case of septage leaks or spills and easy
wash down
Providing a transition to preliminary treatment of septage and temporary storage prior to further
treatment downstream
Ensuring safety measures are in place such as a well-ventilated site, emergency shut-off devices,
readily available fire extinguishers due to potential risk of fires from accumulation of hydrogen sulfide
and other gasses, signs prohibiting smoking and other sources of ignition, and appropriate protective
clothing and equipment

Septage receiving can be achieved using simple (non-mechanized) receiving stations and/or mechanized
units. Mechanized receiving stations are typically equipped with flow meters. These are common options
for larger plants with significant amount of truck traffic at the facility and often limited land availability.
Mechanized plants are also recommended when payments are to be made to truck operators by the city
based on the volume collected. Although they provide benefits to improved management of facility
operations, they require a high level of organizational and technological capacity e.g. availability of spare
parts, skilled labor to install, diagnose and repair system components, and a big budget.

6
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C1.1. Manual Receiving Station
Fundamentals
A simple receiving station has a fail-safe offloading process that requires no mechanization. The operator
connects the truck outlet hose to a receiving station inlet hose or simply directs the flow to the first stage
of the treatment process through an open channel. When a fixed pipe is provided, the driver connects
through a quick coupler to minimize leakage.
Use when:
•
•

Flows are small to medium (<50 Trucks
per day)
Low cost and simplicity are desired

Don’t use if:
•
•

Flows are large (>100 trucks per day)
There is a need for accurate flow metering

Operational, monitoring, and additional requirements
Operational requirements
•

•

•
•
•

If possible the receiving pipe should be at an elevation lower than the discharge point of the
truck. The station should be equipped with a quick coupler for ease of connection and
connection points such as the hose connection from the truck to the inlet is secure to minimize
leaks
Provide a reliable supply of water for wash down operations and cleanup of spills. Frequent
wash down of the area is recommended to remove ponded septage from leaks or spills. A
drainage system and a means of pumping from a low point into the IPLT should be installed so
that wash water does not pond at the unloading area.
Receiving station should provide roof, if possible, to shelter from rain
Ensure that any discharge location is fenced and restricted.
If ramp is needed, road slope have to require the truck specification, for example in Indonesia
generally used Colt diesel truck of 3 m3 capacity, which is allowed slope of 8o.

Monitoring requirements
•

Manually record information about each load received through a manifest system to include at a
minimum i) time and date of receipt, ii) driver name and truck license number, iii) volume
received (typically read from site gauge of truck), and iv) origin of septage e.g. household,
hospital, restaurant. Collect the written manifest forms and keep a log book.

Vehicle traffic and parking requirements
•

Collect information on truck volume, number of trucks, number of trips made, amount of time
required to unload a truck. This data can be used to control traffic flow at peak times

7
IPLT Technology Option Selection Guide

7

•

•

Provide sufficient parking space for the expected number of trucks. Circular or drive through
layouts should be used if possible to eliminate the need for backing up. Ideally, the facility
entrance and exit should be at different locations.
If possible the truck parking/unloading area should be made of an impervious material such as
concrete or asphalt to facilitate easy clean up. Provide appropriate grading to enable collection
and cleanup of spills towards a containment location with a sump and not a surface water.
Materials selected in the area should be suitable for exposure to a corrosive environment.

Design criteria and example calculations
The receiving station design will generally vary depending on the amount of septage received, expected
number of trucks, and the choice of preliminary treatment.
Sizing example
Step 1 – Establish assumptions and basic design criteria
•
•
•
•

A typical work day of 10 hours with trucks arriving at the receiving station on a regular schedule
throughout the day.
Each truck having a capacity of 3 m3 and takes about 5-10 minutes to unload.
A peak flow defined as the maximum amount septage discharged per hour by the maximum number
of trucks practically possible at the receiving station.
An IPLT plant capacity of at least 150 m3/d should therefore have a minimum septage reception
tank capacity of at least 150 m3

Step 2 – Calculate peak flow
60 𝑚𝑚𝑚𝑚𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑚𝑚𝑚𝑚𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
60 𝑚𝑚𝑚𝑚𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 # 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 1 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
= 6 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑚𝑚𝑚𝑚𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
10
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 # 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 1 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
∗
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
6 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 3 𝑚𝑚𝑚𝑚3
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 =
∗
= 18 𝑚𝑚𝑚𝑚3 /ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 =

8
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C3. Pretreatment
Preliminary treatment involves removal of trash, debris, fats, oil, and grease (FOG) found in raw septage.
It is designed to prevent potential damage to equipment, upsets to subsequent treatment processes and,
in some cases, improves the effectiveness of downstream processes. Pretreatment processes involve use
of gravel and stone traps, screens, grit chambers, and FOG removal technologies.
A number of manufacturers sell automated headworks stations that remove coarse solids, gravel and
stones, grit and even fats, oil and grease sometimes called Sludge Acceptance Plants (SAP). Automated
headworks are often integrated with automated receiving stations. However, these units are ideal for
facilities with large flows, a steady supply of electricity, and an established supply chain in terms of spare
parts, skilled labor and organizational capacity. The use of technologies from one manufacturer is
recommended to minimize issues of compatibility.
Screening is the initial step in the septage treatment process. It involves the removal of objects from the
waste stream like plastic, rags, metals, paper, debris, and other large inorganic solids. These objects if left
in the septage would potentially damage downstream equipment and clog pipes. Examples of screening
methods include the use of coarse and/or fine screens.
In some instances, gravel and rock separators or traps can also be used to remove heavy particles through
gravity. With only a few septic tanks and pits properly lined in urban areas of Indonesia and so many areas
having relatively high number of earthen pits, gravel and rock traps at the IPLT may be required. These
are usually designed as tanks that function by allowing the heavy inorganic particles (rocks and gravel) to
separate out while allowing the rest of the flow to pass through. A key issue with a gravel or rock trap is
considering how the gravel and rocks will be removed from the trap when full.
The use of fine screens is recommended when a plant has mechanized equipment such as pumps or screw
presses to reduce wear on moving parts, downstream technologies that may be damaged by gravel and
stones such as anaerobic lagoons, and presence of very high sand loads could result in quick blockage of
pipes and processes. The screen work by passing the waste through finely slotted screens (typical size
opening of 1.5 – 6 mm) supported by plates, either in a tank or channel. Fine screens require high operator
capacity since the units need to be routinely cleaned.

9
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C3.1. Screens
Fundamentals
Coarse Screens
Manually raked screens are the simplest option for coarse
screening. The spacing between bars on a coarse screen is
usually between 2-10mm. The coarse screens are installed
on a hinge system so that the operator can tilt up the
screen, and then rake the debris into the trough. The
standard practice, however is to have the screen bent
over at the top so that the trash can be raked up into a
trough to avoid having a hinge that can fail.
Mechanically raked screen can be used in cases
where supply of spare parts and skilled labor
for operating and maintaining these systems is
available. Also adequate supply of wash water
will be required for regular cleaning of the
mechanized rakes.
Fine Screen
Fine screens are another type of screen that
can screen solids that are greater than 1mm
with a spacing of 1 mm wide. The screens are
made of parallel metal bars like coarse screens,
or perforated metal plates or screen. Some
types of fine screens used in IPLT are inclined
screen, rotary screen, and screw screen. IPLT
Pulo Gebang Jakarta use fine screen with size 1
mm opening.
Since fine screening is not as commonly used as
coarse screening in septate treatment plants,
this section will mainly focus on coarse screens.

When is the technology appropriate?
Use when:
•

Always use coarse screens to remove trash,
rags, and non-biodegradable solids.

Don’t forget:
•

•

•

•

Design in a way to make raking and trash
removal easy and safe for the worker. Clean
screens at least daily but likely after each load;
Store trash in covered containers and transport
to the landfill at least weekly. Consider how
containers will be handled e.g. providing a path
they can be rolled on
Safety – instruct workers to watch for needles
and other sharp objects. Always wear PPE when
servicing screens.
Do not design a screen with crosswise
construction, as it will make cleaning difficult.

Operational, monitoring, and additional requirements
Operational requirements
•
•

•

Screens should be cleaned after each load of septage received, unless a visual inspection
indicates minimal debris has been trapped; At a minimum, screens should be cleaned daily
Trash removed from the screens should be placed in a covered receptacle and sent to a landfill
for safe disposal at least weekly. Also consider how the containers with the screenings will be
handled and moved. Typically containers with wheels work well provided that a path is
provided.
The screenings can have significant odor associated with them. They could be rinsed to minimize
odors and fecal matter from leaving the site

10
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Monitoring requirements
•

Operators should visually inspect screens at least monthly to verify that the screens are intact.
Breakages or deteriorating screens should be repaired or replaced as soon as visual inspections
indicate wear.

Design criteria and example calculations
Coarse screen
Screen design, sizing and spacing requirements
•
•
•
•
•

•
•

Coarse screens should be slanted and easily accessible with a rake so that an operator can
collect the trash from the screen. Design screening systems at a 30 - 45 degree angle to the flow.
Use materials that are non-corrosive such as plastic, fiberglass, or stainless steel (minimum 304).
Avoid materials that will degrade over time
Install the screens so that the inlet of the screen is below the typical elevation of the outlet of
the septage truck
Design screens large enough to handle the anticipated loading without backing up or causing
overflows.
Screen spacing should be large enough so that sand and grit can pass through while capturing
the larger solids. Spacing of no more than 10 mm and no less than 2 cm should be provided.
Avoid screens with a “mesh” or perforated plate configuration as these are difficult to rake
Coarse screens should be embedded in permanent concrete structures or otherwise installed so
that there is no movement of the screens during the septage unloading process
The approach velocity of a coarse screen should be 0.45 m/s to minimize solid deposition on the
channel. The velocity shouldn’t be above 0.9 m/s to avoid trash or debris slip to screen.

Coarse screen example calculation
Step 1 – Establish assumptions and basic design criteria
A few assumptions are required for basic sizing calculations of solids-liquid separation.
Parameter
IPLT plant flow rate
(𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 )
Sludge discharging flow
rate
Approach velocity

Value

Unit

Notes

40

m3/day

30
0.45

m3/hr
m/s

Flow rate from trucks?
Metcalf & Edy 5th edition

Step 2: Calculate the clear opening area
𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =

30

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢ℎ𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣

𝑚𝑚𝑚𝑚3
ℎ𝑐𝑐𝑐𝑐
∗
ℎ𝑐𝑐𝑐𝑐 3600𝑀𝑀𝑀𝑀 = 0.01852 𝑚𝑚𝑚𝑚2 = 185 𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚2
𝑚𝑚𝑚𝑚
0.45 𝑀𝑀𝑀𝑀

11

IPLT Technology Option Selection Guide

11

C3.2. Grit Removal
Fundamentals
Grit removal may not be necessary in situations where the
volume of grit in the septage is low or the downstream
treatment process is not affected by presence of grit e.g.
sludge drying beds. For small plants, it is unlikely grit
chambers will function with any reliability. Small plants
should ideally be designed with downstream equipment
that will not be impacted by grit, sedimentation tanks can
achieve removal of grit at the same time as suspended
solids. If there is need to protect pumps and other
mechanical equipment like screw belts, then grit removal is
necessary and can be achieved using a simple or
mechanized grit chamber.
Mechanized grit chambers separate sand and grit from the septage stream by gravity, and then move
them to collection stations by mechanization (scrapers or screws are most common). Me chanized grit
chambers can be used when the flows are large, limited land space, mechanized equipment is in use that
maybe damaged by excessive grit, skilled labor to repair
the equipment is available, and reliable supply of wash
When is the technology appropriate?
water. There are two broad categories of mechanized
Use when:
grit chambers: i) channel style and ii) aerated style.
Manual grit chambers are basins through which
septage flows at a slow enough rate slow to allow the
sand and grit in the septage to settle out but fast
enough that the organic suspended solids remain in the
waste stream. Manual grit chambers should remove
most of the incoming grit. Two configurations are
available:

•
•

Flows are large (>50 trucks per day)
Mechanized equipment is in use that
may be damaged by excessive grit.

Don’t use if:
•
•

Operational capacity is limited to clean
frequently.
Flows are low. Instead, use screens

1.

The vortex style operates on a similar principal as
the rock / gravel separator. It has a cylindrical tank, which is designed to create a vortex flow
pattern. In order to achieve this, wastewater enters the chamber tangentially so that centrifugal
forces will ensure that the grit is taken out.
2. The parabolic grit channels, controlled by a Parshall flume, is another method which uses aeration
rather than conventional velocity control to achieve separation.

Operational, monitoring, and additional requirements
Operational requirements
•

Remove grit from channel style systems at least once a week, or more if grit accumulates
rapidly. Grit remaining in channels can become “cemented” and is very hard to remove. It can
also create odors and change the velocity of incoming wastes.

12
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Monitoring requirements
•

Ensuring that grit chambers are functioning properly provides an insurance policy against
damage of downstream equipment. Monitor the volume of grit removed weekly and
investigate changes either above or below the norm.

Design criteria and example calculations
Grit chamber design and sizing requirements
•

•
•

•

•

Manual grit chambers are common features of wastewater treatment plants with steady flows
and may play a role at IPLTs as well. It should be noted that in IPLTs with small intermittent
flows the systems need to be designed differently to wastewater treatment plants with a
constant feed. Grit chambers for IPLTs should be designed based on the instantaneous flow that
occurs when a truck (or multiple trucks) discharged into the facility and should be designed to
minimize the amount of organic suspended solids which are captured during the no flow periods
between trucks.
Proper design is critical to achieve desired results. Follow this guidance found on pages 8 and 9
of the pdf at: http://web.deu.edu.tr/atiksu/ana52/phy2.pdf;
A method for easily removing grit from the chamber must be provided. If the design for grit
removal requires isolation of the grit chamber, then redundant grit chambers should be
provided. Redundancy should also be provided in any blowers that are used for an aerated grit
chamber.
Grit chambers should not be oversized to accommodate future anticipated flows. They function
based on velocity of the wastewater flow through the unit and oversizing them can reduce the
flow volume through the unit, which will reduce flows and inhibit the function of the unit. For
IPLTs, the key velocity will likely be the flow rate that comes from trucks that are discharging at
one time and not be largely affected by the overall number of trucks per day.
The flow velocity is typically around 30 cm per second.

13
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C3.3. FOG Removal
Fundamentals
In certain locations, Fats, Oil and Grease (FOG) removal may be important especially if the septage has
high concentration of these contaminants. For example it is useful to incorporate FOG removal in septage
treatment plants that serve a large number of food service or food manufacturing businesses.
FOG can be removed by taking advantage of the
fact that it will float on top of water. In
sedimentation tanks, as the heavier solids settle to
the bottom of the tank, the lighter FOG particles
are rise to the surface. FOG can be skimmed off
the top using a scum skimmer, which is used to
separate floating solids and it is simple with no
moving parts. Typically, the water will pass through
an opening below the water line to the next
downstream treatment process but the floating
FOG will be retained in an early part of the IPLT where provision has been made for its removal. Grease
removal from septage may be easier as part of a sedimentation process, rather than providing a separate
grease trap. The grease removed from tank by the scum skimmer can be collected and disposed of and
discharged to landfill as solid waste. Integrated mechanized headworks stations as mentioned above may
also include a grease removal component. Frequent cleaning and inspection of this equipment is critical
for proper function.

C3.4. Equalization Tank
Fundamentals
An equalization storage tank can be used at the receiving
When is the technology appropriate?
stage of a plant to attenuate flow rates and variable
loads. Trucks will unload sludge at the receiving station Use when:
and it will flow into the equalization tank which will store
• Large variation in flow rates and loads
and allow constant flow-through into the plant. With
Don’t use if:
increased storage, flow rates into the plant can be kept
fairly constant over time even with peak and low flow
•
Limited operational/maintenance
periods. This can allow for downstream technologies to
capacity
operate more reliably if dependent on hydraulic flows
and to be potentially sized smaller, instead of sizing for
peak flows. The tank will also allow for mixing of variable loads and thus, mitigate shock loads to help
protect the biological liquid treatment processes downstream and improve the performance of
mechanical solid-liquid separation/dewatering technologies that require a homogenous feed. An
equalization tank can be its own dedicated tank, though some treatment processes include processes that
provide some degree of equalization for processes downstream (e.g. settling-thickening tanks, ponds).

14
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Operational, monitoring, and additional requirements
Operational requirements:
A key operational consideration is providing for and ensuring adequate mixing in the tank so that sludge
does not accumulate and settle at the bottom of the tank. Some options can be surface aerators and
submerged mechanical mixers. Equalization tanks may also require pumping and a flow measurement
device downstream of the tank. It is recommended to empty the volume every day to prepare for new
loads and maintain flow into the plant throughout the day and night.

Design criteria and example calculations
Equalization tank example calculation
The design and sizing for the tank should be dependent on the variable maximum and minimum flow
and loading throughout the day and over the seasons (diurnal flow patterns).
Step 1 – Establish assumptions and basic design criteria
Parameter
Average Flow
Hours of operation
Peaking factor
Tank detention time
Tank depth

Value
93 m3/day
10 hr/day
1.5
10 hrs
3m

Notes

Standard factor
8-12 hours
2-4 m

Step 2: Determine or calculate the peaking hourly flow at receiving station
The peak flow can be defined as the maximum amount septage discharged per hour by the maximum
number of trucks practically possible at the receiving station; it can also be estimated/calculated using
the average flow, peaking factor, and hours of operation.
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 �

𝑄𝑄𝑄𝑄0
𝑚𝑚𝑚𝑚3
× 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
�=
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑚𝑚𝑚𝑚3
3
93
𝑚𝑚𝑚𝑚3
𝑑𝑑𝑑𝑑 × 1.5 = 14 𝑚𝑚𝑚𝑚
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐 � � =
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐
10
𝑑𝑑𝑑𝑑

Step 3: Determine the volume and surface area of the tank
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 ) = 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 �
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 ) = 14

𝑚𝑚𝑚𝑚3
� × 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 (ℎ𝑐𝑐𝑐𝑐)
ℎ𝑐𝑐𝑐𝑐

𝑚𝑚𝑚𝑚3
∗ 10 ℎ𝑐𝑐𝑐𝑐 = 140 𝑚𝑚𝑚𝑚3
ℎ𝑐𝑐𝑐𝑐

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚2 ) =

𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 )
𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℎ (𝑚𝑚𝑚𝑚)
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𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚2 ) =

Additional calculations

140 𝑚𝑚𝑚𝑚3
= 47 𝑚𝑚𝑚𝑚2
3 𝑚𝑚𝑚𝑚

𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐/𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
150 𝑚𝑚𝑚𝑚3
= 50 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑘𝑘𝑘𝑘 =
3 𝑚𝑚𝑚𝑚3
# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 =

# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
50 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
=5
10 ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
# 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

Receiving tank
volume (m3)
90
150
180
300

Number of trucks
per day
5
50
60
100

Trucks/hr for a 10 hr of plant operation for
1 receiving station
2 receiving stations
0.5
0.25
5
2.5
6
3
10
5

Using the results from the sample calculations tabulated above, an IPLT plant with 90 m3 receiving tank
capacity would not require trucks to deliver septage but instead use other transporting means like barrels
since a full truck trip cannot be attained with such volumes thus not economical. However, for larger
flows above 150 m3 /d trucks would be a viable option for transporting septage to the facility.
The calculated peak flow at on receiving station was 18 m3/h requiring a maximum of 6 trucks in an hour.
Having a tank designed to hold more than 150 m3 of septage at will be too restrictive with one receiving
station because it implies that the plant will be operating at capacity throughout the day. A situation that
will most likely lead to delays and traffic congestion. A solution would be to increase the number of
receiving stations so that there is better distribution of trucks and this would also cater for future
expansions of tank capacity since less trucks would be expected at each station at the same peak flow.
The unloading flow rate of septage from one truck is the same despite the plant’s overall flow rate which
could be 10, 40, 90, or 150 m3/day. Flow cannot be controlled by the position of the valve from the truck
since there will clog if the valve is closed more than 60%. Thus, the valve should be fully open so that
septage can flow fully through the truck and hose. Based on field data, it will take 5-7 minutes for a truck
with capacity of 3 m3 to unload the septage. Using an average of 6 min/truck, the flow rate is 3 m3 per 6
minutes which is 30 m3 per hour.
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C4. Solids-Liquids Separation Technologies
Solids-liquids separation technologies separate the septage after preliminary treatment into a solids and
liquids stream. They use various mechanisms such as physical, gravity-driving settling, pressure, filtration,
evaporation, evapotranspiration, and centrifugal force. The objective of solids-liquids separation is to
reduce the organic and suspended solids load in the liquid stream for downstream liquids treatment
processes by removing some solids, and thus also reduces the water content of the solids stream for
further solids handling and processes. Solids-liquids separation technologies should achieve a water
content equal to or less than 95% and also achieve varying degrees of TSS and BOD removal, depending
on the technology. Solids-liquids separation is necessary for septage and optional for fecal sludge from
public toilets, dry pit latrines, or other container-based systems as the water content should be already
less than 95% and have poor settling characteristics. Most solids-liquids separation processes do solely
solids-liquids separation, such as thickeners, dewatering, and sludge drying beds while others combine
solids-liquids separation with biological treatment such as septic and Imhoff tanks.
The SLS technologies described in this section will be Imhoff tanks, gravity thickeners, solid separation
chambers, sludge drying beds, and mechanical dewatering through belt and filter presses.

C4.1. Imhoff Tank
Fundamentals
Imhoff tanks are used to achieve solids settling and
sludge digestion within one process. In septage
treatment, this may be applied to the front end
solids-liquid separation, or to the downstream postseparation liquid effluent to provide additional solids
removal. They will also provide digestion when they
are designed and operated properly. Imhoff tanks
have been used for solids-liquid separation of raw
septage in Indonesia, but there have been many
operational problems reported in this application.
These are mostly due to under-sizing for sludge
storage and improper installation and operation.
Imhoff tanks may be better suited for use treating
the liquid stream at an IPLT after solids-liquid
separation has occurred, when additional solids
removal maybe required.

Consider carefully for use in new construction:
Imhoff tanks are designed to allow digestion for a
period of many weeks or months in the sludge
storage zone. The high solids concentration of
septage typically means that the solids digestion
compartment fills in a matter of hours or days and
the Imhoff tanks will most likely not operate as
intended. Generally a sedimentation tank will be
cheaper.
They should only be used when there is very dilute
septage and if the solids load has been carefully
considered.
In some cases there may be a benefit to using them
to treat the liquid stream after initial solids
separation has occurred.
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The Imhoff tank consists of an upper
chamber in which sedimentation takes
Use when:
place. Flow enters from one end and exits
the opposite side. Settled solids slide
• May be considered as the main solids-liquids separation
down the sloped partition into a lower
process at small capacity IPLTs.
chamber where the sludge is collected and
• Best if septage is very dilute and solids loading is
digested. The two chambers are otherwise
carefully considered.
unconnected, with septage flowing only
• Use for liquid stream treatment when additional solids
through the upper sedimentation
separation is needed.
• Capacity exists for staff to conduct maintenance
chamber and no flow in the lower
activities.
digestion chamber. The lower chamber
requires separate biogas vents and sludge
Don’t use if:
cleanout pipes for the removal of digested
• Solids-liquid separation at higher capacity IPLT require
solids by gravity or hydrostatic pressure.
significant volume for digestion
The
IWA/eawag
Compendium
• More cost effective means of solids-liquid separation
recommends sizing the digestion chamber
are available
to store 4 to 12 months of solids prior to
• Construction and excavation of deep tanks is not
desludging. In practice, Imhoff tanks are
feasible at the site
often undersized for septage treatment,
and 4 to 12 months is too long with
septage with higher solids content, which tends to form solid masses when they sit for too long. A more
frequent desludging cycle may improve performance of Imhoff tanks in solids-liquid separation for
septage treatment.

When is the technology appropriate?

According to the reference compendium, Imhoff Tanks are typically capable of achieving 50% - 70%
reduction of suspended solids and 25% - 50% reduction of influent BOD. They can provide good sludge
stabilization provided that the digestion chamber is adequately sized. Sizing considerations will be
discussed later in this section.

Operational, monitoring, and additional requirements
Operational Requirements
Imhoff tanks are a simple technology with generally low operational requirements. O&M consists of
routine desludging and removal of floating debris and grease. The depth of the sludge layer should be
checked to monitor solids accumulation and to schedule routine desludging. If cleaning is neglected,
wastes may solidify at the bottom of the tank and block the sludge removal pipe making them impossible
to desludge. Visual inspections should also be conducted to check that FOG is not accumulating and
blocking the imhoff tank.
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Proper operation of an Imhoff tank requires weekly actions including the following activities 1:
•
•
•
•
•

Skim floating debris and scum from the sedimentation chamber
Clean the sides and sloping partition of the sedimentation chamber
Clean the slot opening leading to the digesting chamber using a pole and chain
Clean scum buildup in the gas vent
Measure depth of sludge in the digesting chamber

CAPEX considerations
•
•
•
•

Cost of concrete for tank construction.
Imhoff tanks used in the separation process will generally be large and deep structures.
Construction may involve significant excavation or construction of an elevated tank.
Will require at least two units to provide redundancy for desludging and maintenance.

OPEX considerations
•
•
•

Simple operation with no mechanical parts. However, at solids loading rates for septage, sludge
accumulation may require frequent desludging.
Low cost of routine maintenance.
Elevated tanks may require pumping for influent flow, but can be desludged by gravity.

Examples in Indonesia
For hot climates such as Indonesia, the frequency of desludging cycles should be at the lower end of the
range. The higher solids content of septage will cause sludge to accumulate more rapidly, leading to a
need for more frequent desludging to prevent excessive hardening to the point at which it is difficult to
remove. Experience in Indonesia confirms this, with many operators reporting that they must add water
to Imhoff tanks and stir it with the tank contents before they can remove sludge. This undermines the
main objective of the Imhoff tank: to separate the liquid and solid fractions of the sludge. Given that the
SS concentration in septage is usually 20 or more times greater than that of wastewater, the required
desludging interval would seem to be measurable in days or weeks rather than months. This will provide
little time for digestion to occur. This analysis suggests that Imhoff tanks offer few, if any, advantages
over sedimentation tanks when used for septage treatment. This being so, there seems to be little
justification for their continued use.
IPLTs in Indonesia are commonly used Imhoff Tank as a solid liquids separation unit process, because it’s
simply operated. The reality is almost all Imhoff Tanks are not optimally worked, with various reasons,
such as lack of operation and maintenance, unskilled operator, lack of budget, and unit design is
incompatible with IPLT capacity (over capacity).

1

Recommended weekly maintenance activities by the Texas Water Commission Operation & Maintenance Guide
for Imhoff Tank & Oxidation Pond Wastewater Treatment Plants
http://www.tceq.texas.gov/assets/public/assistance/sblga/wastewater/Operation_Maintenance_Guide_Imhoff_T
ank.pdf
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IPLT Putri Cempo, Surakarta located in Central Java has a treatment capacity of 45 m3/day. The process
train at the IPLT includes a screen, imhoff tank, waste stabilization pond, and sludge drying bed.
Imhoff Tank dimension:
Digestion Zone
Length
Width
Height
Volume
Area

14 m
14 m
9m
1350 m3
n/a

Settling Zone
4.1 m
4.1 m
3.2 m
22 m3
16.8 m2

The retention time in the settling zone is 1.5 hours and the surface loading is 0.87 m3/m2/hour. The
assumed sludge volume is 60% in the digestion zone, the septage capacity is 45 m3/hour, and there is 18
m3 of supernatant and 27 m3 of sludge. Retention time of sludge is 50 days (1350 m3 / 27 m3/day). This all
fits in with the design criteria.
In the adjacent figure, there’s an improvement
on the sludge outlet, as under the sludge zone
each compartment base is pyramid shaped that
makes sludge easier to dispose of.
The issue is that the sludge is not frequently
disposed to the SDB and settles too long at the
bottom or digestion zone and blocks the sludge
pipe. The desludging SOP not followed by the
operator. Other problems also arise with
inconsistencies between design and implementation. The sludge disposal is designed to be set
automatically by a motorized valve with a timer that is opened once in every 2-4 hour. However, when
it’s construction, it was switched to a manual valve. In addition, if the operator is not frequently
continuously disposing sludge, the bottom part of the sludge gets harder and more difficult to remove.
The operator has to know to desludge sludge from the bottom frequently.

Design criteria and example calculations
The Imhoff tank has three compartments: upper chamber for sedimentation, a lower chamber for
sludge digestion, and chamber to vent gas and remove scum. The following describe general guidelines
for the design and sizing of Imhoff tanks 2:
•
•

Hydraulic retention time in upper settling chamber is typically between 2 to 4 hours to preserve
an aerobic liquid effluent for further treatment;
Length to width ratio typically ranges from 2:1 to 5:1, with 3:1 as a common ratio;

2

Reference: (http://www.sswm.info/category/implementation-tools/wastewater-treatment/hardware/sitestorage-and-treatments/imhoff-tank).
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•
•
•
•
•
•
•

Provide about 50 – 60 cm freeboard from the liquid surface to the top of the tank;
Total water depth in the tank from the bottom to the water surface for septage applications is
typically 4 – 6 meters. This can vary depending on the required storage volume;
The bottom partition of the upper sedimentation chamber is typically sloped 1.25 to 1.75
vertical to 1 horizontal, and the slot opening can be 150 to 300 mm wide;
The walls of the lower digestion chamber should have an inclination of 45° or more. This allows
the sludge to slide down to the center where it can be removed with a clean out pipe;
Gas pipes need to be installed to safely remove gases formed during digestion from the Imhoff
tank;
The digestion chamber is usually sized for 4 to 12 months sludge storage capacity to allow for
sufficient anaerobic digestion (but consider reducing this depending on the flow rate and solids
content of the septage as described above).
Account for redundancy and maintenance in the design.

Example calculation
Step 1: Establish assumptions and basic design criteria
A few assumptions are required for basic sizing calculations. The following represent application for
solids-liquid separation.
Parameter
Average Flow
Peak Hourly Flow
Influent TSS concentration
TSS reduction in Imhoff tank
Sludge retention time
Solids concentration in digester
Settling detention time
Settling tank depth
Digester depth
Digester Chamber slope

Value
150 m3/day
18 m3/hr
20 g/L
50%
120 days
10%
3 hours
2m
6m
45o

Notes
Assuming 6 truck deposits per hour
20,000 ppm
50% - 70%
4 to 12 months (120 – 365 days)
Typical range 6% - 14%, from 2% influent
Typical range is 2-4 hours
Typical 2-3 m
Typical range 6-9 meters
Typically 45o or more
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𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 ) = 18

Step 8: Calculate the site area required for Settling Tank
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚2 ) =

𝑚𝑚𝑚𝑚3
× 3 ℎ𝑐𝑐𝑐𝑐 = 54 𝑚𝑚𝑚𝑚3
ℎ𝑐𝑐𝑐𝑐

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 )
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℎ (𝑚𝑚𝑚𝑚)

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚2 ) =

Step 9: Estimate the desludging frequency and volume

54 𝑚𝑚𝑚𝑚3
= 27 𝑚𝑚𝑚𝑚2
2 𝑚𝑚𝑚𝑚

𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 120 𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 × 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑑𝑑𝑑𝑑𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 ( 3 )
𝑚𝑚𝑚𝑚
22
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𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

(𝑚𝑚𝑚𝑚3 )

Additional calculations:

=

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
× 120 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
= 1,800 𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
100 � 3 �
𝑚𝑚𝑚𝑚

1,500

After establishing the volume requirements for the settling and digesting chambers, determine the overall
dimensions of the tank by calculating volumes using basic geometric formulas.
The table below summarizes representative tank dimensions needed to provide adequate digester
volume for the solids loading rates expected for septage separation at different influent flow rates,
assuming the same design criteria used in the preceding example. As stated earlier, tank water depth
typically range from 4m to 6m. Deeper tanks will require more excavation to construct. Tank width will
generally be limited by operational considerations. Tanks that are wider than 5 m may become difficult
to maintain and clean. For comparative purposes, the representative dimensions shown in the table will
assume a constant tank depth (5m) and width (5m). Tank length is the adjusted variable to demonstrate
an approximate tank size needed to provide adequate volume for septage separation over a 120 day
digestion period.

D

L

W

W
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Flow rates
(m3/d)
10
40
90
150
300

Settling Chamber
Volume Required
(m3)
9
18
27
54
54

Digester Chamber
Volume required
(m3)
120
480
1080
1800
3600

Tank Depth
(m)

Tank Width
(m)

Tank Length
(m)

6
6
6
6
6

5
5
5
5
5

4
16
36
60
120

From the representative calculations in the table above, it is clear that use of Imhoff Tanks for solids-liquid
separation in septage treatment is best suited to low treatment capacities. At 10 m3/d, a single 5 x 4 tank
would be adequate. Increasing treatment capacity to 40 m3/d would increase tank length to 16 m. This
would likely be split into two separate 5 x 8 tanks, for constructability and unit redundancy. For treatment
rates of 90 m3/d and up, the tank lengths increase dramatically. At these capacities, use of Imhoff tanks
would likely be less appealing compared to other treatment technologies.
Based on these sizing calculations, use of Imhoff tanks in the separation process for fecal sludge septage
will require very large tanks to provide adequate volume for anaerobic digestion. If the tanks are
undersized, solids will fill up quickly and require frequent desludging. The solids retention time will be
insufficient to achieve effective digestion.

C4.2. Gravity Thickeners
Fundamentals
Gravity Thickeners can be used for solids-liquids separation at the front end of the septage treatment
process. Similar to clarifiers and sedimentation tanks, thickeners rely on gravity to achieve solids
separation. Thickeners are commonly used in wastewater treatment for handling of sludge, which can
exhibit characteristics similar to septage. Thickeners are typically configured as circular tanks with a
sloped conical bottom. Influent flow is pipe fed to the center of the tank, and solids settle to the bottom
of the tank and become compacted and condensed by gravity and hydrostatic pressure of the liquid.
Thickeners can be equipped with a mechanical scraper that rotates along bottom to help direct the solids
toward a hopper. Accumulated sludge exits the tank through a discharge pipe either via sludge pump or
by hydrostatic pressure. The liquid supernatant spills over a weir where it is taken downstream for further
treatment. If grease and floatable solids are a concern, the thickener may be equipped with a skimmer
to remove scum from the surface.
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Thickeners are typically constructed as concrete tanks with a sidewater depth ranging from 3 to 4 m. Tank
diameter varies depending on solids loading and retention time. In wastewater applications, thickener
diameter typically ranges from 20 – 24 m. A sloped floor reduces solids detention time while increasing
depth of sludge over the solids discharge pipe. Slopes of thickeners with mechanical raking usually range
from 1:6 to 1:4. Hopper-bottom thickeners without mechanical scrapers rely solely on gravity and will
require steeper floor slopes of up to 1:1 (45 degrees). Examples calculations for thickener sizing will be
provided the sections below.
Gravity thickener performance in septage treatment can be estimated based on established data from
primary sludge in wastewater applications. The table below compares typical ranges for thickener
performance in primary wastewater sludge and fecal sludge (septage) applications. Based on a typical
influent solids concentration of 1% – 2% in fecal sludge septage, thickening can be expected to provide
roughly 2 to 3 fold concentration in dry solids, resulting in 3% to 6% effluent solid content. Based on the
Metcalf & Eddy wastewater design manual, thickeners are capable of achieving roughly 85% to 90% solids
capture.
While oil and grease typically do not pose a problem in domestic septage, thickeners can be designed to
easily handle FOG. Installation of baffles can prevent FOG from floating over the effluent weir, and fitting
the rotating arms with a surface skimmer can remove a scum layer at the surface.
Application

Influent
Solids %

Effluent
Solids %

Wastewater Primary Sludge
Fecal Sludge and Septage

2–7
1.0 – 2.0

5 – 10
3–6

Mass Loading Rate
(kg/m2-hr)
4–6
4

Overflow Rate 3
(m3/m2-d)
15.5 – 31.0
15 – 30

Operational, monitoring, and additional requirements
Operational requirements
• Gravity thickeners are mechanically complex technology that requires operator knowledge for
maintenance of motorized parts. Regular removal of settled solids is important, as excessive
sludge accumulation will increase loads on the mechanical scraper and shorten the operating
life of the motor and bearing equipment.
• Frequent lubrication is required
• Consistent power supply is required
CAPEX considerations
•
•

Gravity thickeners will require at least two units to provide redundancy should one be taken
offline for maintenance.
Gravity thickeners are deep tanks roughly 3 to 4 meters in side depth. Construction may involve
significant excavation or construction of an elevated tank (if site elevation and hydraulics will
allow).

3

The MOP8 cites typical values for maximum overflow rate for primary solids range from 15.5 to 31.0 m3/m2-day,
and 4 to 8 m3/m2-day for secondary solids. No empirical data has been made available for Fecal Sludge and
Septage. Based on other similarities, we will assume that the fecal sludge overflow rate is the same as that
primary sludge.
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•
•

Construction of an upstream storage tank may be required to regulate flows to the thickener.
Electrical requirements.

OPEX considerations
•

•
•

Thickeners that are equipped with mechanical scrapers (sludge) and skimmers (scum) will
require continuous electrical input and routine maintenance. The engineer should ensure that
replacement parts and capable service providers are available for on-site maintenance. Need to
have means of maintaining the center drive/motor (limited access)
If gravity feed is unavailable, pumping may be required to load influent sludge to the thickener.
Delivery of a consistent flow to the thickener is important for optimal performance.
Additional electrical inputs are needed if sludge pumps are used for discharging thickened
solids.

Additional Considerations
Sludge Loading
For optimal performance, thickeners are generally designed to operate continuously with a consistent
flow to maintain continuous accumulation and removal of sludge. This presents some operational
challenges to consider. First, septage delivery to the IPLT will vary throughout the day, with peak influent
flows likely concentrated over the course of a few hours. Second, some IPLTs in Indonesia may operate
only part time, with the facility shut down overnight.
As discussed earlier, irregular influent flow may disrupt the settling and thickening process. Flows that
are too low will increase the solids retention time, possibly causing anaerobic reactions and problems with
off-gassing and floating solids. Flows that are too high decrease retention time and cause solids to escape
with the liquid overflow.
If the thickener is sized to handle peak hourly flows, it will likely be oversized for average flow and solids
loading conditions. An alternate option is to provide an equalization storage at the receiving and pretreatment station, to regulate influent flows to the thickener. This option may be more attractive if there
is sufficient difference in site elevation to feed the thickener by gravity. Otherwise, pumping from storage
to the thickener will require additional mechanical and electrical inputs.
Sludge Removal
As mentioned earlier, thickened solids may be removed by using sludge pumps or by flushing under
hydrostatic pressure of the liquid volume. Discharge of the sludge effluent using gravity and pressure is a
simpler method with lower operational complexity. This method however will result in a non-uniform
discharge that flushes after sufficient solids have collected at the bottom of the thickener. The operational
feed requirements of the downstream solids treatment process may influence the decision to use sludge
pumps or to flush by gravity.
Polymer Addition
In many wastewater applications, a polymer or coagulant can be added to the sludge to promote settling
performance. This practice is not currently recommended due to the unknown characteristics and
operating standards at IPLTs. Use of polymer can be considered in the future, after the operating staff
26
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develops improved understanding of the septage quality and gains experience with the gravity thickening
process. Supply chain availability of chemical conditioners should be considered before a decision to use
polymer.
Unit Redundancy
Though gravity thickeners operate continuously, the unit will eventually require shut down for
maintenance and repair of the tank and mechanical components. A redundant unit is required to avoid
disruption to IPLT operation. Section ## above provided some sample sizing calculations at various
treatment capacities. At lower capacities, thickeners would be too small to operate in parallel, and the
redundant unit will likely remain idle. At higher capacities approaching 300 m3/d, two thickeners can be
operated in parallel – allowing one to be taken offline for service.
Overall Process Selection
Compared to other separation technologies, such as the sludge drying bed, the gravity thickener provides
a less effective means of separation (achieving roughly 6% solids concentration compared to 18%
concentration via SDB). Evaluating the overall

Examples in Indonesia
At the moment, there are only 2 IPLTs in Indonesia
use gravity thickener for their solid liquids separation
process. One is still under construction and the other
is just recently operated. One of the IPLTS is IPLT
Suwung, Denpasar which is designed for the capacity
of 400 m3/day. The raw septage is unloaded into the
screen and grit removal before entering the
thickener. After the thickener, the sludge goes to the
mechanical dewatering Belt Filter Press while the
liquid enters the Anaerobic Baffle Reactor (ABR)
before then enters Aerobic Bio Filter (ABF).
The thickener is still running well and performing effectively to separate the solids and the liquid. The
main issue is the continuous wash out of the settled sludge at the bottom of the tank. A thick settled
sludge accumulation may reduce the performance of thickener. Another issue is the pre-separation of the
scum, fat and floating sludge prior to the thickener. This may happen in a thickener without scum removal
process. The scum will pass through the v-notch and go into the liquid treatment process which then may
reduce the performance of the ABR.

Design criteria and example calculations
Design of gravity thickeners requires an iterative process to determine the appropriate size tank. The two
key parameters are the mass loading rate and the hydraulic overflow rate. The engineer should first size
the tank to accommodate the mass loading rate. Next, the engineer should check the overflow rate to
ensure that the overflow rate falls within an acceptable range. Overflow rates that are too high for the
loading will shorten hydraulic detention time, causing inadequate settling and suspended solids to escape
via liquid stream. Overflow rates that are too low will lengthen hydraulic detention times, causing
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anaerobic conditions within the thickened sludge layer that lead to off-gassing, odor problems, and solids
floatation.
Design requirements:
•

•

•

Perform bench testing to determine Sludge Volume Index (SVI) values to characterize the septage.
The SVI number cannot be directly correlated to specific mass loading or overflow rates. However,
SVI of less than 100 mL/g indicates good separation characteristics and suggests that higher mass
loading and overflow rates can be used for sizing calculations.
For smaller systems, hopper bottom thickeners may be an appropriate choice to simplify
operations and maintenance inputs. Larger thickeners would be easier to desludge and clean
using mechanical scrapers and skimmers.
Design for redundancy, flexibility during low and peak flow, and continued operation during
maintenance. Having multiple units operating at less than full capacity is recommended.

Example calculation
Step 1 – Establish assumptions and basic design criteria
A few assumptions are required for basic sizing calculations of solids-liquid separation.
Parameter
IPLT flow rate (𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 )

TSS (CTSS)
Mass Loading Criteria
Target Overflow Rate
TSS Reduction
Target dry solids

Value
150

Unit
m3/day

20
4
15
80
6

g/L
kg/m2-hr
m3/m2-d
%
%

Notes
Refer to planning Ch2; "medium" sized plant per
Ch 4 used here
20,000 ppm typical concentration from Ch. 2

Gravity thickener design sizing will be governed by both mass loading and overflow rate. Both factors
will need to be calculated, and the larger of the two areas calculated will be the required size for the
treatment process.
Step 2: Calculate surface area based on mass loading
𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �

𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � � × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 � � × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
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ℎ𝑐𝑐𝑐𝑐
𝐿𝐿𝐿𝐿

1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1 𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
1000 𝐿𝐿𝐿𝐿
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
× 20 × �
𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 150
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� = 125
3
1000𝑘𝑘𝑘𝑘
24 ℎ𝑐𝑐𝑐𝑐
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𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚
𝐿𝐿𝐿𝐿
ℎ𝑐𝑐𝑐𝑐

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 ) = 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � ÷ 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 � 2
�
𝑚𝑚𝑚𝑚 ∙ ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 ) = 125

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
÷4 2
= ~32 𝑚𝑚𝑚𝑚2
𝑚𝑚𝑚𝑚 ∙ ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐

Step 3: Determine the number of units required for redundancy, reliability, and constructability
28

28

IPLT Technology Option Selection Guide

Minimum of 2 units, operating at less than 100% capacity is required for redundancy.
In addition, if the determined diameter is too large, it may be too expensive to construct and two or
more units with smaller diameters will be more practical.
4 × 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑑𝑑𝑑𝑑
𝑇𝑇𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚) = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 �
�
𝜋𝜋𝜋𝜋
𝑇𝑇𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚) = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀(4 × 32 𝑚𝑚𝑚𝑚2 ÷ 3.14) = ~6.3 𝑚𝑚𝑚𝑚

Step 4: Determine the site area (use 1m on the perimeter and 2m between tanks for auxiliary space)
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 (𝑚𝑚𝑚𝑚) = (𝐷𝐷𝐷𝐷𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 + 2𝑚𝑚𝑚𝑚) × (𝐷𝐷𝐷𝐷𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 × 2 + 4𝑚𝑚𝑚𝑚)

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 (𝑚𝑚𝑚𝑚) = (6.3𝑚𝑚𝑚𝑚 + 2𝑚𝑚𝑚𝑚) × (6.3𝑚𝑚𝑚𝑚 × 2 + 4𝑚𝑚𝑚𝑚) = 137.8 𝑚𝑚𝑚𝑚2

Step 5: Calculate Overflow Rate achieved using solids loading and surface area from Step 1.
𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
=
𝑄𝑄𝑄𝑄
�
�
� ÷ 𝑇𝑇𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 )
𝐸𝐸𝐸𝐸
𝑚𝑚𝑚𝑚2 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
2
=
150
÷
32
𝑚𝑚𝑚𝑚
=
~4.8
�
𝑚𝑚𝑚𝑚2 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑚𝑚𝑚𝑚2 𝑑𝑑𝑑𝑑

An overflow rate of 4.8 m3/m2d is lower than the recommended range of 15 – 30 m3/m2d, and will cause
the solids retention time to be too long. This can typically be adjusted by adding or increasing recycle
flow of liquid effluent to the thickener influent. This calculation will be described in the next step.
Step 6: Adjust recycle flows to meet desired range for Overflow Rate
Adding a recycled flow parameter to the overflow rate equation from Step 3:
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
�
+
𝑄𝑄𝑄𝑄
�
�
𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑚𝑚𝑚𝑚
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � 2 � =
𝑇𝑇𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚2 )
𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑
3

𝑄𝑄𝑄𝑄𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �

𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
� = �𝑂𝑂𝑂𝑂𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � 2 � × 𝑇𝑇𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 )� − 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � �
𝑑𝑑𝑑𝑑
𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑄𝑄𝑄𝑄𝑅𝑅𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
= 330
� = �15 2 × 32 𝑚𝑚𝑚𝑚2 � − 150
𝑑𝑑𝑑𝑑
𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

Step 7: Calculate the solids accumulation rate and desludging volume

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇
�
𝑑𝑑𝑑𝑑
3
𝑚𝑚𝑚𝑚
𝑘𝑘𝑘𝑘
= 𝑄𝑄𝑄𝑄0 � � × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 � � × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢] × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 %
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐷𝐷𝐷𝐷𝑇𝑇𝑇𝑇
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1000 𝐿𝐿𝐿𝐿
1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑢𝑢𝑢𝑢𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
� = 150
× 20,000
×�
�×�
� × 80%
𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚3
1𝐸𝐸𝐸𝐸 6𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝐿𝐿𝐿𝐿
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
= 2,400
𝑑𝑑𝑑𝑑
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𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
)
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (
𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 � 3 �
𝑚𝑚𝑚𝑚
𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

(𝑚𝑚𝑚𝑚3 )

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑 = 40 𝑚𝑚𝑚𝑚3 /𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
=
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
60 � 3 �
𝑚𝑚𝑚𝑚
2,400

𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 3 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢/𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀)

𝑚𝑚𝑚𝑚3
40 �
�
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
≅ 13.3
𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑑𝑑𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
� =
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
3�
�
𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

Additional calculations:

The following table presents surface area and tank sizes required for different influent flow rates,
assuming the same design criteria used in the preceding example. At low and medium flow rates (10 –
90 m3/d), the thickener requires little surface area to work, however it may be impractical to build a
small diameter tank. Gravity thickeners begin to approach size efficiency at higher flows (150 – 300
m3/d). Additional discussion on practical design, construction, and operational considerations is
provided in the following sections.
Treatment
Capacity
(m3/d)
10
40
90
150
300

Surface area required (m2)
2
9
19
32
63

Tank Diameter required
(m)
1.6
3.3
4.9
6.3
8.9

Recycle Flow Required
(m3/d)
@ 4 kg/m2hr
20
85
190
330
640
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C4.3. Solid Separation Chamber (SSC)
Fundamentals
Solid Separation Chamber (SSC) and Drying Area (DA) are
one series of unit process even though its separate as
two unit. SSC unit is always followed with DA unit. SSC
is functioned as solid liquid separation. At the SSC, the
septage sludge, which still liquid sludge, is applied on top
of media, which is sand and gravel, in order to dewater
and separate liquid for treatment. The liquid is removed
from the solids by drainage down through the
underdrains and by evaporation in to the atmosphere.
The sludge then removed after 5 to 12 days to the DA
unit. The sludge, which removed, is still wet or contain
much of water. The drying sludge process will continued at DA unit. The operation in SSC has three phase.
First is fill phase, second is stabilization and sedimentation phase, and third is removed the sludge. During
all phase, the water will continue drainage through under drain.
The DA unit is functioned as the drying process and removing
microorganism process with ultraviolet and sunlight. The wet
sludge from SSC, will become dry sludge or cake that have 20%
water content as a target. The duration of drying process at DA
unit is between 7 – 15 days. The DA also have a media and
under drain.
At this point, the operation in SSC and DA is has similarity
almost the same as SDB. The different of SSC and DA is the
water content on the sludge. The SSC sludge is still contain too
much water, and then when the sludge settle at the bottom, the supernatant will at the top, meanwhile
the process of drainage is happened. On other hand, the DA sludge has lesser water than SSC sludge,
therefore the process is the same as SDB at solid treatment. Therefore, the height of SSC sludge with
supernatant on the media could be higher than height of DA sludge. In practical the height of sludge SSC
with supernatant could between 50 and 150 cm.
On the original design, the water or supernatant on SSC is drainage through under drain. However, on the
field the process of drainage often blocked due to sludge itself, the process will take slowly and much
time. To speed up the process and reduce the amount of supernatant, the sluice gate or valve is applied
to decant the water. At this point the SSC also have similarities function as Thickener, because part of
supernatant remove with decantation on liquid surface. Decantation is the important process to separate
liquid and solid in SSC. However, if supernatant layer is too thin, it will difficult to decant without carrying
the solid out. The consequences of that, the liquid treatment unit have the ability to handle the excess of
carry over sludge.
The underdrain and media layer are the important factor. Make sure there is enough pipe or layer with
orifice to drainage the water or supernatant. The shape and slope of floor also could speed up drainage
of supernatant. The thickness of gravel and sand as media also play important role. In practical, sometime
31
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sand is not used due to often blocked at drainage
process, only use gravel at SSC. On the DA unit, in the
field, some is changed sand and gravel media with
paving grass.
There is no rate of drying normally limits sludge on SSC
and DA. If the process almost the same with SDB,
particularly at DA unit, it might be used drying normally
limits SDB is 100 to 200 kg of dry solids per m2 of bed
area per year. If the rate of drying sludge is known, the
space area of SSC and DA could be calculate. For better
calculation of SSC and DA unit, please refer to MoPWH
IPLT design books.
Care needs to be taken to make sure that excessive amounts of FOG or trash don’t get on the SSC as these
can cause blockages and prevent both draining and evaporation. Pre-treatment for removal of trash and
FOG is recommended for SSC operation.
SSC and DA unit are simple either solids liquid separation or dewatering, but require a lot of available land,
long drying times, rely upon favorable environmental conditions for performance, and require significant
manual labor during removing sludge either from SSC and DA unit. These are could suitable for solid liquid
separation at small treatment plants and solids dewatering for limited flow rates for when land is available
and unskilled labor is readily available and affordable. Extra caution should be taken when design the SSC
particularly at underdrain design, selection of media, the height of sludge with/without supernatan, and
the use of sluice gate or valve for decanting.

Operational, monitoring, and additional requirements
Operation requirements
•
•
•

•
•

Sand beds according to design criteria are designed between 20 – 30 cm deep under ideal
conditions but at SSC, its not clear due to has supernatant on top of sludge;
Drying time is determined by local climactic conditions including mean temperature, humidity,
wind, and days of sunshine.
Smaller systems typically utilize labor to manually remove the sludge when it is sufficiently dried
to move by shovel. Workers should take care to leave as much of the sand in the beds as
possible, as some will tend to stick to the drying sludge.
Add additional sand as needed periodically so that the minimum depth still remains.
Periodically the top sand layers of the beds need to be replenished. This frequency is likely every
3 months to a year but depends on the care taken when removing the dried solids from the bed.
This step has been disregarded in many systems which leads to slower drying types and
decreased dry solids content.

Examples in Indonesia
Solid Separation Chamber (SSC) and with Drying Area (DA) are commonly used in IPLTs in Indonesia.
However, most of them have several issue related to operation of SSC. The issue that appear on the SSC
are blocked underdrain, trash, broken covered SSC, and broken sluice gate. The blocked underdrain can
make too long drying time for drainage the water. It could cause odor problem because the anaerobic
32
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digestion will occur on the SSC. Not good performing of pretreatment such as screen or FOG removal also
increased the problem on SSC operation. The problem of blocked the drainage also could cause form the
height of sludge to high.
One of IPLT that have a problem on SSC is IPLT Kota Magelang. Capacity of IPLT Kota Magelang is 20,5 -28
m3/day. The unit process on the IPLT is Screen, SSC, DA, and for the liquid treatment is waste stabilization
pond (WSP). There are 4 unit of SSC. The operation of SSC is 7 days for fill, 10 days for stabilization, and 3
days for removing the sludge. Totally is has almost 20 days for drainage the water. Practically, it has need
more time to drainage, almost 4 weeks or sometimes even more to drainage the water.

Design criteria and example calculations
Design requirements
•
•
•
•

It might be applied on smaller systems but has enough land.
It is not clear how to calculate the size of surface area. There is no rate of drying normally limits
sludge as like as SDB.
The position or height of sluice gate (if used) must be proper. For precaution, the liquid
treatment have ability to handle the carrying sludge from SSC.
In areas with frequent rainy periods, drying beds need to be covered by open air structures that
all air flow but protect the beds from rain.

Sizing calculation either for Solid Separation Chamber and Drying Area please refer to MoPWH IPLT Design
book. The tables below show the design criteria:
Solid Separation Chamber (SSC) Design Criteria
Parameter
Drying Cake time (t)
Collecting processed cake time (T)
Cake thickness (hc)
Gravel layer thickness (hk)
Sand layer thickness (hp)
Liquid content (P)
Solid content (Pi)

Value
5-12
1
10-30
20-30
20-30
20
80

Unit
days
day
cm
cm
cm
%
%

Notes

Value
7-15
1
10-30
20-30
20
80

Unit
days
day
cm
cm
cm
%

Notes

Attachment 2, MoPWH Regulation No.
4, 2017.

Drying Area (DA) Design Criteria
Parameter
Drying Cake time
Collecting processed cake time
Cake thickness
Sand layer thickness
Liquid content
Solid content

Attachment 2, MoPWH Regulation No.
4, 2017.
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The figures below shows a plan view and profile view of a SSC and DA for 10m3/day capacity from
attachment 2, MoPWH Regulation No. 4, 2017:

SSC plan and profile layouts
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Drying area plan and profile layouts
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C4.4. Sludge Drying Beds (SDBs)
Fundamentals
Sludge is applied on top of a Sludge Drying Bed (SDB)
in order to dewater and dry sludge and separate
liquid for treatment. Water is removed from the
solids by drainage down through the underdrains
and also by evaporation in to the atmosphere. To
encourage drainage, SDBs typically consist of an
under-drain systems covered in a layer of gravel and
a layer of sand. Drainage (50% to 80%) typically
dominates over evaporation (20% to 50%). This
image to the right is a figure of a covered sand drying
bed uses a sloped floor and gravel filled channel to
collect and transport the effluent.
A SDB may be used either as the solids liquid separation
step at a IPLT or to further dry solids after another
separation step, such as a sedimentation tank or
mechanical dewatering. It is capable of drying sludge to
25-60% dry solids. Conventional SDB can achieve an
estimated TSS removal range of 85-95% and an
estimated BOD removal range of 75-85%.

When is the technology appropriate?
Use when:
•
•
•

Land availability is not restricted
Sand and gravel are readily available
Manual labor is readily available and
affordable

SDBs are very simple and effective for either solids liquid Don’t use if:
separation or dewatering, but require a lot of available
• Climate is overly cold and rainy
land, long drying times, rely upon favorable
• Operational capacity to maintain the
environmental conditions for performance, and require
drying beds is lacking.
significant manual labor during desludging. They are
• FOG has not been removed
most suitable for solid liquid separation at small
treatment plants and solids dewatering for limited flow
rates for when land is available and unskilled labor is readily available and affordable.
The rate of drying normally limits sludge drying beds to 100 to 200 kg of dry solids per m2 of bed area per
year. This can require very large areas and sludge drying beds are often undersized at fecal sludge plants.
Sludge should only be applied to the sludge drying beds in 20cm layers at a time to allow both evaporation
and drainage to provide benefit. If the load through the year is not uniform (such as when sludge from an
anaerobic pond is placed on a drying bed) this 20cm at a time restriction can drive the size requirements
for the sludge drying beds.
Care needs to be taken to make sure that excessive amounts of FOG or trash don’t get on the drying beds
as these can cause blockages and prevent both draining and evaporation. Pre-treatment for removal of
trash and FOG is always recommended for sludge drying bed operation.
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Alternative drying bed design
Paved beds and reed beds are considered alternative sludge dewatering technologies by the USEPA,
in their study: Innovations in Sludge Drying Beds, 1987. Paved beds use an asphalt or concrete
surface installed over a porous gravel base, with sand drains located around the perimeter to capture
the liquids. The main advantage being that heavy equipment can be used. Such beds have been
shown to be cost effective even for large systems. The reed bed system uses planted gravel filters to
dewater sludge. The vegetation helps to remove liquids by evapo-transpiration, as well as treat the
remaining liquids by filtration through the gravel media. Take a look at these and other innovations
in sludge drying at: http://nepis.epa.gov/Exe/ZyPDF.cgi/200045M2.PDF?Dockey=200045M2.PDF
there is additional detail on planted drying beds at https://www.unescoihe.org/sites/default/files/fsm_ch08.pdf

Operational, monitoring, and additional requirements
Operation requirements
•
•

•

•

•

Sand beds are designed to accommodate sludge in lifts of between 20 – 30 cm deep under ideal
conditions. The shallow lifts maximize drying efficiency;
Drying time is determined by local climactic conditions including mean temperature, humidity,
wind, and days of sunshine. Typically, in tropical climates, two to three weeks is sufficient to
achieve drying to the point that solids can be moved by shovel (25% solids content). Operators
will observe the typical “cracking” of the surface of the sludge when sufficiently dried.
Significant manual labor is required for operation. Smaller systems typically utilize labor to
manually remove the sludge when it is sufficiently dried to move by shovel. Workers should
take care to leave as much of the sand in the beds as possible, as some will tend to stick to the
drying sludge;
As needed, rake sand surface to breakup clogging mats formed by organic matter left behind
when the dried sludge is moved. Add additional sand as needed periodically so that the
minimum depth remains at 50 cm.
Periodically the top sand layers of the beds need to be replenished. This frequency is likely every
3 months to a year but depends on the care taken when removing the dried solids from the bed.
This step has been disregarded in many systems which leads to slower drying types and
decreased dry solids content.

Monitoring requirements
• Monitor the time it takes to dry the sludge including keeping track of different weather
conditions. Increased drying time for similar weather conditions may be an indication of sand
layer clogging. Also determine what the optimum application depth for sludge is in your settings
(likely range is 15cm to 30cm).
Installation/construction requirements:
•

Use washed coarse grained sand where available to reduce fines that can clog sand pore spaces.
The sand layer of the drying bed is typically 30 cm deep. The underlying gravel bed containing
the collection drains is typically 20 cm to 40 cm deep. Slope collection pipes at 2% from the
sand bed to the liquid phase treatment equipment to ensure positive drainage.
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Examples in Indonesia
Sludge Drying Bed (SDB) are commonly used in
IPLTs in Indonesia. However, most IPLT have
been designed too small and are unable to
handle the IPLT’s design capacity. Additional
issues with SDBs have been insufficient labor
for operations, and many SDBs are uncovered
which drastically reduces its performance in
tropical climate.
IPLT Tegal Gundil Bogor, shown in the adjacent
figure, has SDBs that can only handle 15m3/
day of the systems design capacity of 30 m3/day. In addition to having undersized SDBs, the roofing
structure was in poor condition, and the upstream treatment processes were not operated correctly
resulting in FOGs entering the SDBs. The IPLT has since rehabilitated their upstream treatment process,
removed FOG for SDBS, and repaired the SDB’s roof structure. The SDBs operations have improved but
based on their undersized design will continue to limit the IPLT’s total treatment capacity. SDB design is
as follow:
Number of compartment :
Media gravel height :
Media sand height :
Dimension :

Area total
Roof
Sludge height

4
30 cm
20 cm
Length : 15 m
Wide : 7.5 m
Height : 1.5 m
450 m2
Yes
20 cm

The problem in IPLT Bogor is that the area of SDB is smaller than properly designed. For a capacity of 26
m3/day, operating 330 days/year with a TSS content of 1.8 % and a mass loading rate of 200
KgTS/m2/year, the area needed should be 772 m2 based on mass loading; meanwhile, existing area is
450 m2.

Design criteria and example calculations
Sizing calculations for SDBs will vary whether the process is used for solid-liquid separation, or solids
treatment (further dewatering/drying of sludge separated by a previous solid-liquid separation step). An
example calculation is included below for each type of application.
Design requirements:
•
•

For smaller systems, design beds so that workers can access the beds using shovels and rakes.
For larger systems, provide access for mechanized loading using backhoes or loaders;
Design should consider specific sludge characteristics and septage sources – sludge that is more
stabilized such as septic tanks sludge tends to be more rapidly dewatered than unstable sludge
from pit latrines (Stande et al., 2014)
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•

In areas with frequent rainy periods, drying beds need to be covered by open air structures that
allow air flow but protect the beds from rain.

Example calculation for solids-liquid separation
Step 1 – establish assumptions and basic design criteria
A few assumptions are required for basic sizing calculations of solids-liquid separation. The values
provided here are representative and are NOT the same at every facility. As discussed in section 2,
sampling plans and studies specific to your municipality must be carried out as facility planning and
design begin.
Parameter

Value

Unit

Hydraulic loading rate

20

cm

Mass loading rate

200

kg TS/m2/yr

Solids Retention Time,
(drying time) (SRT)

14

days

40
18

m3/day
g/L

Notes
20 cm is recommended per FSM Book, Strande et
al., 2014
100-200 is recommended per FSM Book, Strande
et al., 2014
Estimated as a conservative average for covered
beds and based on target dry solids content.
Longer drying time is required for greater % dry
solids. Dependent on environmental conditions.
Could range from 1 week to up to 2 months per
Seck et al., 2015.
Refer to planning Ch2; "medium" sized plant per
Ch 4 used here
Refer to ch 2, typical concentration used here

>20

%

Dependent on climate conditions and drying time

IPLT flow rate (𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 )
TSS (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 )
Target dry solids
content, dried sludge

Step 2 – Calculate and select size based on both mass loading and hydraulic loading
SDB design sizing will be governed by either mass loading or hydraulic loading. Both factors will need to
be calculated, and the larger of the two areas calculated will be the required size for the treatment
process.
Step 2a. Calculate surface area based on mass loading:
Mass Loading Rate is the mass of solids that can be dried in one square meter per year. The mass
loading rate should be selected based on local climate and the septage characteristics.
𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � � = 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � � × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 � � × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝐿𝐿𝐿𝐿
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
365𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
1000 𝐿𝐿𝐿𝐿
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � � = 40
× 18 × �
�×�
�×�
� = 262,080
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
1000𝑘𝑘𝑘𝑘
1𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚3
𝐿𝐿𝐿𝐿
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𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 ) = 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 ) = 262,080

Step 2b. Calculate size based on hydraulic loading:

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� ÷ 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � 2
�
𝑚𝑚𝑚𝑚 ∙ 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
÷ 200 2
= ~1,300 𝑚𝑚𝑚𝑚2
𝑚𝑚𝑚𝑚 ∙ 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

Hydraulic loading is important because an increase in sludge depth has a direct correlation to the time
required to dry. One study found that an increase in the sludge layer of 10 cm prolonged the necessary
drying time by 50 to 100% (Pescod, 1971).
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 )
𝑚𝑚𝑚𝑚3
= 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � � × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝑑𝑑𝑑𝑑) ÷ ℎ𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚) × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 ) = 40

1 𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚3
× 30 𝑑𝑑𝑑𝑑 ÷ 20 𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚 × �
� = 2,800 𝑚𝑚𝑚𝑚2
𝑑𝑑𝑑𝑑
100 𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚

Step 2c. Select size based on greater required area:

The surface area required is based on hydraulic loading in this example and is therefore 2,800 m2, since
it is greater than the surface area required for mass loading.
Step 3 – Estimate total required surface area including safety factors
The calculated surface area from Step 2 is only the area necessary for the treatment process itself, and
only for the influent flow. Additional area should be accounted for due to the following factors, including
but not limited to:
•
•
•
•

solids from liquid processes such as periodic desludging of anaerobic or facultative ponds
peak loads beyond the flow rate assumed
extreme environmental conditions during the rainy season
area for walkways and vehicle access in between and around the SDBs for operation activities
such as loading, monitoring, and desludging the SDBs

The safety factor added for these factors will depend on the specific project circumstances. For detailed
calculations beyond the scope of this section, refer to the PU reference book.
Additional calculations:
For the same design criteria used above, the following table presents the surface area required for
different flow rates. Note that the calculated areas are only for the treatment process and do not
include additional area mentioned in Step 3. At higher flow rates, the surface area required becomes
very large. Because of this, other treatment technologies become more attractive than SDB at higher
flow rates, especially for urban sites where land availability is a significant constraint.
Flow rates (m3/d)
10

Surface area required
(m2)
700
40

40
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40
90
150
300

2800
6300
10500
21000

SDB for solids treatment
The need for additional dewatering and solids treatment will depend on the desired end use of solids.
The retention time of sludge in the SDB will be longer for additional dewatering to achieve higher solids
content. SDB can be better suited for solids treatment if there is an intermediate solids-liquids
separation step, such as a gravity thickener, prior to the SDB. This will significantly reduce the land area
and time required to dry the sludge.
The following table presents some key assumptions and design criteria for sizing a SDB for solids
treatment of thickened sludge; assuming values typical of sludge from a gravity thickener fed to SDBs for
further drying. The values provided here are representative and are NOT the same at every facility. As
discussed in section 2, sampling plans and studies specific to your municipality must be carried out to
determine optimal parameters for performance as facility planning and design begin.
Parameter

Value

Unit

Hydraulic loading rate

20

cm

Mass loading rate

200

kg TS/m2/yr

Solids Retention Time,
(drying time) (SRT)

10

days

90
18

m3/day
g/L

27

m3/day

60

g/L

Notes
20 cm is recommended per FSM Book, Strande et
al., 2014
100-200 is recommended per FSM Book, Strande
et al., 2014
Estimated as a conservative average for covered
beds and based on target dry solids content.
Longer drying time is required for greater % dry
solids. Dependent on environmental conditions.
Could range from 1 week to up to 2 months per
Seck et al., 2015.
Refer to planning Ch2; "medium" sized plant per
Ch 4 used here
Refer to ch 2, typical concentration used here
See gravity thickener Appendix for calculation –
based on mass balance
6% based on typical thickened sludge
concentration from gravity thickener

>20

%

Dependent on climate conditions and drying time

IPLT flow rate (𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 )
TSS (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 )
Thickened sludge flow
rate (𝑄𝑄𝑄𝑄𝑜𝑜𝑜𝑜𝑡𝑡𝑡𝑡 )
TSS (𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇_𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 )
Target dry solids
content, dried sludge
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Additional calculations:
For the same design criteria used above, the following table presents the surface area required for
different total plant flow rates for solids treatment, and displays the results of solid-liquid separation
from the calculation above for comparison. Note also that the surface area required for solids treatment
is reduced than for solid-liquid separation because of loading of sludge with a higher initial percent
solids concentration, given the same conditions and end target dry solids concentration. The area
required for solids treatment will depend on various project specific factors and may not always be less
than for solids liquid separation; factors include target final percent dry solids concentration and
environmental conditions. At higher flow rates, the surface area required for solids dewatering
treatment required can still be very large. Because of this, other treatment technologies become more
attractive than SDB at higher flow rates, especially for urban sites where land availability is a significant
constraint.

Flow rates (m3/d)
10
40
90
150
300

Solids treatment 6% DS
to >20% DS - Surface
area required (m2)
330
1310
2950
4910
9830

Solid liquid separation
2% DS to >20% DS –
surface area required
(m2)
700
2800
6300
10500
21000

C4.5. Mechanical Dewatering
Fundamentals
Mechanical presses are mechanical equipment used for dewatering, provided commercially by equipment
vendors. There is no treatment or digestion of the processed solids.
Screw Press
A screw press is a slowly rotating device that squeezes the
septage against a screen to separate the solids from the
liquids. The liquid to be fed to a screw press should be as
homogeneous as possible so the variations between one
truck load and another are smoothed out. This typically
requires a mixed tank upstream of the screw press. Solids
content in the feed should be at least 1% and preferably 2%
or more. The homogenized solids are typically pumped to a
screw press from a progressive cavity pump which is suitable
for handling the high solids concentration. The sludge is
mixed with a polymer prior to the screw press which helps with the dewatering. The rate of polymer
application needs to be changed as the quality of the sludge being fed changes which is the main reason
for homogenization of the sludge prior to the screw press. Generally a solids concentration of 15% - 30%
can be achieved depending upon sludge characteristics (raw sludge and stabilized or digested sludge can
42
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achieve higher end, waste-activated sludge is typically lower) and solids capture of 60% to 95%.
Performance is extremely dependent on operation, specifically the provision of the correct dose of
polymer for any batch of sludge.
Belt Filter Press
A belt filter press is another mechanical press technology
and works by squeezing the septage between two fabric
belts to concentrate the solids and separate the liquid
forced through the fabric. Belt filter presses in Indonesia
have been successful in some cases.. The requirements for
homogenization of sludge prior to the belt filter press and
the addition of polymer is similar as for a screw press;
however, a belt filter press is generally able to handle
fluctuations in sludge characteristics better than a screw
press. Belt filter presses are considered a little harder and messier to operate than a screw press, though
they also allow more visibility of the dewatering process to observe and evaluation what is going on and
any problems. Performance varies based on manufacturer and quality of the feed sludge. Generally a
solids concentration of 15% - 30% can be achieved depending upon sludge characteristics (raw sludge and
stabilized or digested sludge can achieve higher end, waste-activated sludge is typically lower) and solids
capture of 60% to 95%.A belt filter press may be used either as the solids liquid separation step at a IPLT
or to further dewater solids after another
When is the technology appropriate?
separation step, such as a gravity
thickener.
Use when:
Equipment Comparison

•

These processes require very little land
compared to SDBs and therefore is
particularly suitable for higher flow rates
and urban contexts where available land is
limited and expensive. Screw presses are
capable of a solids loading rate of up to
290 kg/hr (inclined screw press) or even
above 700 kg/hr (horizontal screw press),
and hydraulic loading rates of up to 2,000
L/min (horizontal screw press) and 220
L/min (inclined screw press) (MOP8,
2010). The hydraulic capacity of belt
presses is in the range of 0.7 to 4 L/s/m
belt width and mass loading capacity of
150 to 450 kg/m-h belt width (MOP8,
M&E). Belt filter presses have overall
lower capital costs and slightly higher
operating costs as there are more parts to

•
•
•

Space is limited and more efficiency in treatment is
required.
Increase capacity of existing treatment plant is
required.
Capacity exists for staff to operate systems and conduct
maintenance activities.
Reliable and reasonably clean washwater source is
available

Don’t use if:
•
•
•
•
•
•

Electricity is not reliable at the site
An adequate operating budget for electricity,
chemicals, spare parts and repairs are not available
Good manufacturer support and spare parts are not
available
Managerial and operations capacity is low
Spare parts and skilled maintenance personal are not
available
Access to chemicals and understanding of chemical
dosing is absent.
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maintain, while screw presses have higher capital costs and slightly lower operating costs due to simpler
operations.
Both dewater sludge very quickly. However, the mechanical equipment requires electricity, skilled labor,
clean and pressurized water source for wash water, and a supply chain for spare parts. The availability of
these factors should be considered and impacts to operating costs and reliability. The process also
requires a chemical polymer addition, which requires a reliable supply chain to ensure chemical will be
available at a reasonable cost. This chemical system requires ongoing skilled labor for operation and
maintenance, adds process complexity, and represents an additional operating cost.

Operational, monitoring, and additional requirements
Operational requirements
• Modern mechanical presses are designed to require minimal operation and maintenance
activities but some is required. Different manufactures have slight differences in the parts which
need to be replaced after five or ten years of operation. Follow the instructions in the operation
and maintenance manual that comes with the product;
o Typical duties include cleaning the screens and removing debris trapped equipment,
lubrication of moving parts, inspection and replacement of damaged components or
those which have reached the end of their life.
o When using belt filter press for solid liquid separation, it is important to prevent debris
by using pre-screening to avoid damage to the belts from materials such as glass.
• Proper use and adjustments of the polymer mixing and dosing equipment.
• A washwater system is required for mechanical press operation. Belt filter presses require
continuous washwater, while screw presses can operate with intermittent washwater.
Reclaimed water from the facilities may be used given that there is a system in-place and
program for check-ups and routine maintenance.
• Spare parts and manufacturer’s support will be required. Key aspects of this supply chain
include ensuring there is sufficient money to buy the spare parts, ensuring that there are staff
who are able to diagnose problems with the equipment, making sure that the contact details for
the local representative of the manufacturer and the manufacturer themselves are known and
making sure that the spare parts can be delivered to the site in a short period of time
Special installation requirements
• Professional installation is required to insure long term function. Often, manufacturers require
that trained and certified installers perform the work in order to maintain product warrantees
and performance guarantees. The manufacturer should provide review of the installation
drawings to confirm that they believe the system will work properly as installed.
Monitoring requirement
• Visual inspection every hour of the sludge/polymer mixture entering the presses to look for
appropriate coagulation of the sludge being fed. Inspection should also be for looking for spills
and failures of the system. Keep an eye on the dewatered sludge % solids and the amount of
solids which are being carried over in the liquid to determine performance. Variations should be
investigated. Detailed training on the monitoring requirements should be provided during
design and startup of the facility.
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•

Utilize instrumentation to monitor sludge volume produced, filtrate % solids, washwater flow
volume. Changes over time may indicate problems or the need for maintenance.

Examples in Indonesia
Screw Press
There are only a few IPLTs which utilize Screw Press technology in Indonesia, one of which is IPLT Sumur
Batu on Bekasi City. IPLT Sumur Batu was originally constructed as conventional system, but in 2016 the
facility was retrofitted with a mechanical system including a Screw Press unit. The IPLT’s renovated plant
began operation in 2017.
IPLT Sumur Batu now is operated on 120 m3/day; it can be increase to 250 m3/day (max). The unit
process treatment in IPLT Bekasi are as follows:
1. Pre-treatment process, which is screening
Reports from the field: Local industry has
and grit removal on mechanical system. It
good experience with belt presses in
named Sludge Acceptance Plant (SAP). SAP
Indonesia. Compared to the screw press, a
capacity: 100 m3/day. Prior pretreatment,
belt filter press requires more frequent
there is stone trap unit to protect SAP from
maintenance, but maintenance itself is
stones or small rocks which can be inside the
relatively easy. The units are locally made
trucks.
so that spare parts are readily available.
2. Then the sludge flows into equalization
For the screw press systems, factory
basin before pump into Screw Press.
personnel are required to do the
Capacity of Screw Press is 7 m3/hour.
maintenance, and it requires spare parts
3. The sludge will mix together with polymer
from abroad. Also the screw press with
then entering Screw Press. The sludge then
average capacity cost Rp 3.5 billion where
transformed into cake and liquid. Polymer
the belt filter press costs Rp 1dose: 20 kg/day (± 150 ppm).
1.5billion. Project specific costs and details
4. The liquid will be continued to process on
should be sort for any design.
activated sludge system before it flows to
receiving body such as small river.
Overall the new screw press has been operating well.
One of their challenges has been ensuring the correct
dose of polymer. If the polymer dosing is incorrect,
the sludge cake will have more water content than its
expected which complicates downstream solids
treatment processes. After installation of mechanical
equipment, an IPLT will entire a guarantee period
where the manufacturer is responsible for any
equipment malfunctions. Additionally, a consultant is
typically provided to help train operators and
troubleshoot any operating problems. IPLT Bekasi
requested that their consultant only use locally
available polymer, to ensure that they were trained with the supplies that they will continue to use long
after the consultant has departed. Ensuring a consistent supply chain in terms of chemicals, parts and
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skilled labor is crucial to the success of the IPLT, and this is a good example of how to take advantage of
the guarantee period.
One of few IPLTs using screw press is IPLT Duri Kosambi
Jakarta. IPLT Duri Kosambi has 2 system of treatment, such as
conventional system (cap: 300 m3/day) and mechanical
system (cap: 600 m3/day). The screw press unit is located at
mechanical system after SAP (Sludge Acceptance Plant) unit.
IPLT Duri Kosambi have 3 unit of SAP with capacity: 100
m3/hour and 4 unit of Screw Press with 7 m3/hour. The sludge
flows from SAP to a sludge basin before pumped into screw
press.
The sludge in screw press is mixed with polymer. The polymer is made at polymer solution preparation
machine. Now the preparation solution machine is damaged at the automation and hopper, so it was set
manually. To set manually sometime the dose is not precise compare with dose from automation setting.
Another issue come up with the sludge concentration is often changing sometimes it more concentrate,
sometimes it less concentrate. Therefore the floc of sludge is not optimal. The result is sludge comes from
screw press is to wet or meet expectation. Other difficulty related to polymer making is different brand
of polymer using, so it should need jartest to decide the dose of polymer. Sometimes IPLT is not be
equipped with Jar test. Other issue is the operator cannot see the floc formed because the place to see it
too high and there is not adequate supporting tools.
All screw press units is working well, but the issue from operation is not adequate of clean water for
cleaner parts during operation. The volume of clean water is limited so the operation hour of screw press
also depends on adequate of water. The needs spare part is also obstruct the operation of screw press.
Belt Filter Press
Only a few of IPLTs in Indonesia using Belt Filter Press (BFP) as a
final dewatering unit. One of those IPLTs is IPLT Suwung,
Denpasar which is designed for the capacity of 400 m3/day. The
sludge enters the BFP from the gravity thickener in which the
solids are separated to form thick sludge. Prior to entering the
BFP, the sludge is mixed with polymer solution. BFP can produce
sludge cake with solid content of 22% - 30%. There are two BFP
units currently operating in IPLT Suwung.
The IPLT is running well as well as the BFP. The main operational
issue is the determination of the proper dose of the polymer
solution to match the sludge concentration in order to make a
good dry sludge cake. The flocs formed from the polymer mixing
can be seen before entering the BFP. Another important operational issue is the adjustment of the rolling
belt or tracking system into the proper position so the belt could optimally presses the sludge.
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Design criteria and example calculations
Sizing calculations for screw presses for mechanical dewatering are largely performed by the vendor
based on their specific equipment. Calculations for belt filter presses for mechanical dewatering may be
performed by the engineer for general sizing, though they will also need to be performed by the vendor
based on their specific equipment. Providing information to the vendor, answering questions, and taking
advantage of the vendor’s experience and expertise with their equipment is an important to technology
selection and design.
Design parameters and equipment sizing for screw presses will vary depending on if the process is used
for solid-liquid separation, or solids treatment. The biggest differences are in Step 1 below, and are
discussed therein. Note: generally, when percent dry solids in the feed to the screw press are above
2.5%, the equipment sizing and capacity may likely be governed by mass loading. The equipment may
not be able to operate at its maximum hydraulic capacity. Both mass and hydraulic loading need to be
checked as demonstrated below.
Design requirements
• The particular design of the screw press should be conducted by the manufacturer of the
equipment based on information provided by the consulting engineer about the solids feed
quality;
o There are many configurations of screw presses. They are sized based on liquid and
solids flow (average and peak), solids concentration of the influent, and other
characteristics of the septage being passed forward;
o Screw presses should to be fed with a thickened stream at a minimum of 1.0% dry solids
or higher (or in accordance with the manufacturers’ recommendations). Care needs to
be taken of the design of processes upstream of the screw press to provide appropriate
feed
• The particular design of the belt filter press should be conducted by the manufacturer of the
equipment based on information provided by the consulting engineer about the solids feed
quality. Some general guidelines for understanding the equipment are:
o Belt filter presses have 4 main zones: i) preconditioning zone, ii) gravity drainage zone,
iii) linear compression (low-pressure) zone and, iv) roller compression (high-pressure)
zone;
o Preconditioned slurry, which has had polymer mixed with it, is thickened in the gravity
drainage zone;
o The gravity drainage zone is a flat or inclined belt where gravity drainage of free water
occurs. The gravity drainage area is sized according to feed solid concentrations. The
standard size can be used for solids concentrations of 1.5 percent or greater, but a setup
with a longer drainage area or extended size should be used for 1.5 to 2.5 percent feed
solids for more free water drainage before compression;
o For dilute sludge with feed solids of less than 1.5 percent, either a larger gravity zone
can be used, or an independent gravity drainage belt can be used. This belt is used only
in the gravity drainage area, not in the pressure zones. The pressure or wedge zones use
two belts, upper and lower, to sandwich the feed together, but an independent gravity
zone has its own separate belt, making the belt filter a three-belt system.
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•

•

•

•

•

A washwater system is generally required for a mechanical presses. It needs to be reliable and
relatively free of solids. A strainer is recommended on the water supply piping to ensure debris
does not clog the nozzles. The manufacturer’s requirements should be understood and included
in the design.
o For a screw press, it operates intermittently, typically 1-4 times each hour of operation
for 60 seconds duration (MOP8). Typical design requirements include (MOP8):
 Total washwater flow = 2 - 9% of solids feed flow rate
 Instantaneous flow rate of 100 to 650 m3/day (20 to 120 gpm) at approximately
50 psi pressure
o A washwater system is required for a belt filter press. It is required continuously during
equipment operation and constitutes a significant flow that is recycled back to the liquid
treatment in the IPLT, with peak flows that can be even higher than the total influent
plant flow. Typical design requirements include (MOP8):
 Total washwater flow = 50 - 100% of solids feed flow rate
 Instantaneous flow rate of 110 to 650 m3/day (20 to 120 gpm) per unit, at a
pressure up to 100 psi
Mechanical presses require the addition of a polymer to the sludge prior to entering the press.
The polymer system must be carefully designed and well understood by the operators to be
effective. It is advisable to have a way to visibly inspect the mixture of polymer and sludge as it
is mixed prior to entering the screw press as experienced operation staff will be able to visually
determine if the polymer dose is correct.
o The operation and maintenance of a polymer system is as complicated as of the
mechanical press itself and care also needs to be taken with the storage of the polymer
to prevent it spoiling through exposure to high temperatures. Consult the polymer
supplier during design for specific requirements.
o Polymer mixing units should be easily accessible to the operator so that visual
inspection and adjustments can be made safely. The polymer system must be carefully
designed and well understood by the operators to be effective.
Redundancy should be considered for the screw presses and also for the chemical dosing
systems which are being used with them. This will provide ensure continued operation even
with one unit out of service for maintenance. A recommended plan is to have two presses sized
at 50% capacity of the plant capacity to operate in normal operating ours and if needed, one
press can operate all day if the other is out of service.
Typically, they have a single bearing or bushing at one end and a gear drive at the other end
with openings in the casings that allow fluid to escape as the sludge is pressed. However, when
these openings are too small, they plug up, so openings must be made adequately large. It is a
fine balance, as if sludge is pressed too hard, it extrudes through the openings.
An access platform and/or a hoist or crane may be necessary for access and
installation/removal/repair of components (MOP8)
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Example calculation:
Step 1 – Establish assumptions and basic design criteria
A few assumptions and design criteria are required for basic sizing of screw presses. The tables below
shows an example of these parameters for a solids-liquid separation application.
Screw Press Design Criteria
Parameter
Operation time

Value

Unit

8
5

Hrs/day
Days/week

Q, flow capacity
Influent solids content

150
2

m3/day
% dry solids

Target effluent solids
content

20

% dry solids

Polymer requirement
Influent TSS
Influent BOD

10
20
5

g/kg dry solids
g/L
g/L

Notes
Typically 8 or 12 hours/day. Assumed based on
receiving septage loads during most of the day
Typical weekday operations
Refer to planning Ch2; "medium" sized plant per
Ch 4 used here
Refer to ch 2, typical concentration used here
Conservative concentration when dewatering
mixture of primary and secondary solids or
secondary waste-activated sludge (MOP8). Screw
press may be able to dewater septage to higher
percentage solids. Depends on septage
characteristics – refer to chapter 2.
Typical conservative polymer requirement
(MOP8)

Belt Press Design Criteria
Parameter
Operation time

Value

Unit

8
5

Hrs/day
Days/week

Q, flow capacity
Influent solids content
Solids loading rate
Hydraulic loading rate

150
2
400
15

m3/day
% dry solids
Kg/m/hr
M3/m/hr

Washwater flowrate
requirements

2.5

L/s/m

Notes
Typically 8 or 12 hours/day. Assumed based on
receiving septage loads during most of the day
Typical weekday operations
Refer to planning Ch2; "medium" sized plant per
Ch 4 used here
Refer to ch 2, typical concentration used here

Based on typical requirements from
manufacturers of ~ 1.3 L/s/m per belt, though it
could be even higher. For typical equipment with
2 belts, typical requirement is ~ 2.5 L/s/m.

Screw and belt presses will be sized by the vendor, based on the parameters above. The vendors will
determine the appropriate mass loading and hydraulic loading based on their equipment and the
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septage characteristics. An estimated polymer consumption can be calculated as shown in Step 6 to be
checked with what the vendor provides in Step 7.
Step 2 – Calculate the mass loading to be wasted from the plant
𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � � = 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � � × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 � � × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿

1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
1000 𝐿𝐿𝐿𝐿
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
× 20 × �
𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � � = 150
�×�
� = 3000
𝑑𝑑𝑑𝑑
1000𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚3
𝐿𝐿𝐿𝐿
𝑑𝑑𝑑𝑑

Step 3 – Calculate the mass loading to the equipment

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑝𝑝𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � � ÷ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
3000
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑 = 375 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � =
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐
𝑑𝑑𝑑𝑑
8
𝑑𝑑𝑑𝑑

Step 4 – Calculate the hydraulic loading to the equipment
ℎ𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �

𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚3
� = 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � ÷ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
ℎ𝑐𝑐𝑐𝑐
𝑑𝑑𝑑𝑑

𝑚𝑚𝑚𝑚3
3
150
𝑚𝑚𝑚𝑚3
𝑑𝑑𝑑𝑑 = 18.75 𝑚𝑚𝑚𝑚
ℎ𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � � =
ℎ𝑐𝑐𝑐𝑐
𝑑𝑑𝑑𝑑
ℎ𝑐𝑐𝑐𝑐
8
𝑑𝑑𝑑𝑑

Step 5 – Determine the number of units required
Screw press

Though one screw press unit can handle the hydraulic loading of 18.75 m3/hr, two screw presses of ~9.4
m3/hr is recommended to provide redundancy in case a unit requires maintenance. Consider having an
additional redundant press for a total of three screw presses. Alternatively, a lower cost option is to plan
to have one of two presses operate twice as long if the other is out of operation. In this case, sufficient
storage for sludge needs to be considered.
Belt press
Using the assumed design criteria and parameters for belt press from Step 1:
𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓ℎ (𝑚𝑚𝑚𝑚) = mass loading to equipment �
𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓ℎ (𝑚𝑚𝑚𝑚) = 375

kg
kg
� ÷ solids loading rate �
�
hr
m ∙ hr

kg
kg
÷ 400 �
� = 0.9375 m
m ∙ hr
hr

𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓ℎ (𝑚𝑚𝑚𝑚) = hydraulic loading to equipment �

kg
𝑚𝑚𝑚𝑚3
� ÷ hydraulic loading rate �
�
m ∙ hr
hr
50
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𝑏𝑏𝑏𝑏𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓ℎ (𝑚𝑚𝑚𝑚) = 18.75

m3
m3
÷ 15
= 1.25 m
hr
m ∙ hr

The belt width determined by hydraulic loading is the more conservative case. Two units could be
provided with a belt width of 1.5 m each, in order to provide redundancy and flexibility for varying
sludge characteristics.
Step 6 – Calculate estimated polymer consumption
𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
�
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘
� × 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 � � × 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
× [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
= 𝑚𝑚𝑚𝑚𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
�
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
52 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑘𝑘𝑘𝑘 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
= 3000
× 10
×5
×�
�×�
�
𝑑𝑑𝑑𝑑
1 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
1000 𝑘𝑘𝑘𝑘
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
= 7,800 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑑𝑑𝑑𝑑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐/𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 �

Step 7 - Talk to vendors and compare quotes to size technology information:

The following lists outline the information that should be communicated to the vendor as a minimum,
and what information should be requested from the vendor.
Information to communicate to vendor:
•
•
•
•

Feed and target dry solids content
Flow rate (hydraulic loading)
Mass loading
Operation hours per day

Requested information from the vendor:
•
•
•
•
•

Size, capacity, and number of units (multiple units and/or redundant units may be considered
for equipment reliability)
Polymer consumption, dose, size and capacity of polymer system (check against calculated
polymer consumption above)
Washwater requirements
Layout and area required for equipment
Capital cost

Step 8 (optional) – Calculate operating costs based on vendor information
Based on the information provided by the vendor, the operating expenses may be calculated for the
process. The following are the major components of operating expenses which should be considered:
•
•

Cost of energy to operate based on operation time and size of equipment from vendor
Cost of polymer
51
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•
•

Cost of skilled labor to operate equipment
Cost of ongoing maintenance of equipment (the vendor should be able to provide a list of parts
and frequency of replacement)
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C5. Liquids Treatment Technologies
The liquid stream following solids-liquids separation will require additional treatment as it is still high in
organics, suspended solids, and nutrients – usually an order of magnitude higher in concentration than
that of domestic wastewater. The main objective of liquid treatment is to remove organics and
suspended solids from the liquid stream to meet discharge standards and eliminate pollution of
receiving water body. This requires a combination of different treatment processes, including anaerobic,
aerobic, and physical settling processes.
Liquid treatment technologies covered in this section will be anaerobic baffled reactors, waste
stabilization ponds, trickling filters, oxidation ditch, and aerated ponds.

C5.1. Anaerobic Baffled Reactors (ABRs)
Fundamentals
ABRs are concrete tanks with a series of baffles
separating the tank into multiple compartments.
The baffles direct the liquid to flow through an
opening near the top of the water level and
release the liquid near the bottom of the
following compartment causing the remaining
sludge in the liquid stream to settle at the
bottom of each compartment. The greatest
settling is achieved in the first compartment, the
settling zone, while the subsequent
compartments polish the effluent. ABRs achieve separation while digesting sludge.
ABRs require a small footprint and have eliminated the need for a separate settling tank, they maintain
passive operation and low construction and operating cost; however, they will need to be desludged
periodically. ABRs can treat medium to high flows due to their efficiency and baffled layout and can
achieve a 70% reduction of both BOD and TSS. An ABR
When is the technology appropriate?
may be used as the solid-liquid separation step;
however, it is more effective at the lower solids Use when:
concentrations of the liquid phase.
When incoming septage is high in organic strength but
when the majority of the solids have been removed in
an initial solids liquid separation step, they are good
options to use ahead of aerobic processes such as
activated sludge, as they reduce the BOD (even more
than sedimentation tanks) and therefore reduce the
energy requirements of the aeration.
The rate of drying normally limits sludge drying beds to
100 to 200 kg of dry solids per m2 of bed area per year.
This can require very large areas and sludge drying beds
are often undersized at fecal sludge plants. Sludge should
only be applied to the sludge drying beds in 20cm layers

•
•

•

There is a lack of space for the
treatment system
There is a desire for a simple
technology to separate and contain
the sludge, while even performing
some digestion
Electricity is limited

Don’t use if:
•

Septage is weak, and downstream
process such as SBRs or activated
sludge plants are used.
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at a time to allow both evaporation and drainage to provide benefit. If the load through the year is not
uniform (such as when sludge from an anaerobic pond is placed on a drying bed) this 20cm at a time
restriction can drive the size requirements for the sludge drying beds.
Care needs to be taken to make sure that excessive amounts of FOG or trash don’t get on the drying beds
as these can cause blockages and prevent both draining and evaporation. Pre-treatment for removal of
trash and FOG is always recommended for sludge drying bed operation.

Operational, monitoring, and additional requirements
CAPEX considerations
•
•

Cost of concrete
Cost of excavation

OPEX considerations
•

Cost of desludging

Operation requirements
•
•

Sludge removal is the only operational activity. Tanks should be desludged when the settler or
the chambers are 1/3 full of sludge. Use a probe and check sludge depths regularly.
Qualitative discussion on number of chambers. How to get higher BOD and TSS removal.

Monitoring requirements
• Monitor sludge depth and the TSS in the ABR effluent. When the TSS begins to increase it is time
to remove the accumulated sludge.

Design criteria and example calculations
Sizing calculations for ABRs are based on the hydraulic retention time and the solids accumulation. The
longer the liquid stream is in the ABR, the more the solids will settle out and the BOD and TSS will be
consumed; however, a longer HRT leads to more buildup of solids in an ABR. The sizing decision will be a
balance between hydraulic retention time and desludging frequency, based on the influent design
criteria. The user will need to know the influent BOD and TSS concentrations, flow rates, available land
area, as well as the design BOD and TSS concentrations in the effluent. An example calculation is
included below.
Design requirements:
ABRs are typically concrete tanks usually 3 times as long as they are wide, with a maximum working
depth of 2.5 meters. The first compartment is larger, typically equal to 3 times the volume of the
smaller chambers.
•
•
•
•

The volume of the tank should accommodate 1 – 3 day’s detention time at average flows.
Longer detention time equates to better treatment efficiency and more sludge storage;
Design ABRs with an upward flow velocity through the chambers at not more than 1m/hr at
peak flow, preferably less than 6 m/hr at average flow.
In order to achieve removal of BOD and TSS closer to 90%
Plan for additional capacity for redundancy.
54

54

IPLT Technology Option Selection Guide

Example calculation for liquid treatment
Step 1 – establish assumptions and basic design criteria
A few assumptions are required for basic sizing calculations of liquids treatment.
Parameter

Value

Unit

IPLT flow rate (𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 )
Average BOD
Average TSS
Hydraulic retention
time
Compartment length
Upflow Velocity
Maximum Height of
Structures
Height:Length Ratio
Solids Retention Time,
(solids accumulation)
(SRT)
% Solids Captured
% Solids Destroyed
% Dry Solids in Solids
Storage
% BOD Removal
Number of Chambers

40
2,500
5,400

m3/day
mg/L
mg/L

16
0.75
0.6

hrs
m
m/hr

2.5
1.67

m
--

30
70%
20%

days
%
%

10%
70%
5

%
%
--

Notes
Refer to planning Ch2; "medium" sized plant per
Ch 4 used here
Assumes 50% removal in Solids-Liquid Separation
Assumes 70% removal in Solids-Liquid Separation
Minimum 8 hours, Recommend 1-3 days
Recommend below 0.6 m/hr, maximum 1 m/hr

Recommend length to be 50-60% of height

Typically 3-6

ABR design sizing will be governed by either hydraulic loading or mass loading. Both factors will need to
be calculated, and the larger of the two areas calculated will be the required size for the treatment
process. Liquid from septage after undergoing solid-liquid separation will most likely be dominated by
the mass loading size requirements.
Step 2 – Calculate the peak flow.
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 �

𝑄𝑄𝑄𝑄0
𝑚𝑚𝑚𝑚3
× 𝑝𝑝𝑝𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
�=
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝑚𝑚𝑚𝑚3
3
40
𝑚𝑚𝑚𝑚3
𝑑𝑑𝑑𝑑 × 1.5 = 6 𝑚𝑚𝑚𝑚
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 � � =
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐
10
𝑑𝑑𝑑𝑑

Step 3: Calculate the chamber width and volume using the up-flow velocity:
𝐶𝐶𝐶𝐶ℎ𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓ℎ (𝑚𝑚𝑚𝑚) =

𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑓𝑓𝑓𝑓
𝐶𝐶𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠ℎ × 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑣𝑣𝑣𝑣
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𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 � � = 𝐼𝐼𝐼𝐼𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 � � × % 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × 70% = 600 𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘/𝐿𝐿𝐿𝐿
𝐸𝐸𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 � � = 2,000
𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿

This technology will not meet the effluent requirements and will need to be paired with another
technology to reduce the remaining BOD and TSS to under 30 mg/L each. Even when assuming an
aggressive 90% removal rate, using solely the ABR will not meet the effluent standard. A detailed design
calculation incorporating specific design features will need to be performed to know the exact removal
percentage of BOD and TSS.
The majority of the mass loading in the liquid stream will settle in the settler tank before the remaining
chambers. The settler will require more frequent desludging and will need to be monitoring more closely.
As a general rule, desludge the settler and chambers when they become 1/3 full. The frequency of
desludging depends on the strength of the liquid stream and the design SRT. It is reasonable to assume
the frequency of desludging the settler will be equal to the number of days of the SRT. The higher the
mass loading, the shorter the SRT will be, unless the total volume is designed for a larger HRT. As an
example, the following table demonstrates how frequently the ABR settler will need to be desludged when
designed at the flow rate 40 m3/d at varying loading rates.
Liquid BOD Concentration
(mg/L)
250
500
1,000
2,000
5,000
10,000

SRT and desludging
frequency required (d)
250
120
60
30
12
6
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C5.2. Waste Stabilization Ponds: Anaerobic Ponds, Facultative Ponds, & Maturation
Ponds
Fundamentals
Waste stabilization ponds (WSP) are widely used for septage and wastewater treatment due to its simple
design and low energy requirements, with the main drawback being the large land requirement. The
liquid flows passively through a series of ponds that vary in dimension and hydraulic retention time. The
ponds are designed to mimic and encourage biological processes that occur naturally in the environment.
There are three types of ponds, Anaerobic, Facultative and Maturation Ponds that are typically used in
this order, but depending upon the upstream processes and septage characteristics all may not be
required.
Anaerobic Ponds are deep (2.5-4m deep) ponds that settle suspended solids from the influent to the
bottom of the pond. Due to the large depth, a lack of dissolved oxygen encourages anerobic processes
which degrades the settled solids at the bottom of the pond. The separated liquid flows through to the
facultative pond. The retention time in an Anaerobic pond ranges from 1-3 days [PU regs.] and the BOD
removal ranges from 50-70% [PU regs.].
Facultative Ponds, similar to anaerobic ponds, primary role is to remove BOD, however their shallower
depth (1.5-2m) allows for aerobic conditions at the surface. The retention time in a facultative pond
ranges from 4-30 days [source] and the BOD removal ranges from 70-90% [PU regs.].
Maturation Ponds, unlike the anaerobic and
faculative ponds, are designed for pathogen
removal and not BOD removal. The pond’s shallow
depth allows sunlight to penetrate through the
pond which encourages photosynthesis and algal
growth. The algae and shallow depth provides
oxygen for aerobic bacteria growth. The retention
time in a maturation pond ranges from 5-15 days
[PU regs.] and the pathogen removal rate can be as
high as 95% [source].

When is the technology appropriate?
Use when:
•
•

Space is not limited.
Access to heavy equipment and/or
unskilled labor is readily available for
infrequent desludging of ponds

Don’t use if:
•

Land is expensive

Operational, monitoring, and additional requirements
Operational requirements
a. Periodic desludging of the anaerobic ponds is required in addition the facultative pond will
need to be desludged but only after several years of operation.
Monitoring requirement
a. The depth of settled sludge in the anaerobic and facultative ponds should be measured
periodically to ensure that an acceptable hydraulic is provided and determine when desludging is required.
b. Ponds can be visually monitored for abnormalities. Unexpected drops in the pond water
level may indicate seepage through a crack or hole in the base of the pond that require
repair. Additionally, changes in odor can indicate problems in the WSP. If there is an
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increase in odor from the anaerobic pond it may be due to higher sulfide levels which
indicates an increase in BOD loading. If odor occurs in the Facultative pond, this could be an
indication of low Dissolved Oxygen and anaerobic conditions.

Example in Indonesia
Sukoharjo on Central Java has operated a 22 m3/day IPLT that utilizes a WSP since 2015. The process
treatment in IPLT Sukoharjo are as follows:
1. Screening as
pretreatment.
2. SSC unit as solid liquid
separation. The SSC is also
function as SDB to treat
the sludge.
3. The liquid then flows into
WSP, which consist of
anaerobic, facultative and
maturation unit then
continue as effluent to
receiving body. These are
the specification:
Item
Number of ponds
Width
Length
Depth

Anaerobic
2
3,5 m
6,9 m
2,6 m

Facultative
2
10,3 m
20,7 m
2,1 m

Maturation
2
8m
10 m
1,2 m

Overall, the WSP has been operating well, however, the anaerobic pond was designed too shallow and is
approximately the same depth as the facultative pond. Another issue is that they only have one in
series, so if the anaerobic unit needs to be desludged, the operation of the SSC or unit preceeding the
anaerobic unit also needs to be stopped. Redundancy is needed to ensure that operations can continue
with routine maintenance.
Another issue is that there is short circuiting of flow in the unit. It’s also important to have design a small
baffle so that the scum or floating sludge does not pass through to the effluent. A good example is
showed at IPLT Sukoharjo, which uses a T-pipe at pipe-in and pipe-out to prevent scum released to
effluent.

Design criteria and example calculations
Design criteria will vary for each of the pond type and their specific role in the treatment chain.
Anaerobic and Facultative ponds are sized based on the BOD loading rates, and the maturation pond is
sized by the required retention time for pathogen removal. The values provided here are representative
and are NOT the same at every facility. As discussed in section 2, sampling plans and studies specific to
your municipality must be carried out as facility planning and design begin.
60

60

IPLT Technology Option Selection Guide

Design requirements
•

•

•

All ponds need to be constructed with an impermeable base to keep contaminants from seeping
into groundwater or into the other ponds. This can be accomplished with an appropriate
concrete mix or geotextiles; however, geotextiles are not recommended in Anaerobic ponds as
they could become damaged during desludging.
An anaerobic pond needs to factor in periodic desludging to remove the deposited suspended
solids into its design. It is recommended for redundancy to construct at least two anaerobic
ponds, so that the IPLT can continue to function while one pond is out of service for desludging
or repair. Although the facultative pond requires de-sludging at a much less frequent rate it is
still recommended to construct at least two for maintenance requirements.
To ensure the destruction of pathogens in a maturation pond, the liquid must remain in the
pond for the designed retention time. To avoid short circuiting many maturation ponds are
constructed with intermediate walls (similar to a maze) designed to control the flow path and
therefore detention time of the liquid.

Anaerobic pond example calculation
Step 1 – Establish assumptions and basic design criteria
The table below shows a few assumptions and design criteria are required for basic sizing of an
anaerobic pond. Solids retention time is not considered in this sample calculation but it is important to
also consider this when completing the preliminary design. Depending upon the preferred frequency of
desludging the solids retention time could require a larger pond to store excess sludge without effecting
performance.
Parameter

Value

Q0, flow capacity
BOD loading
Design BOD loading
Design Depth
% dry solids
% digested solids
% TSS removed

93
2600

300
4
10
10
70

Unit
m3/day
mg/L
g/m3/day
m
%
%
%

Notes
Refer to planning Ch2; "medium" sized plant per Ch
4 used here
Typical 300-400
Typical 3-5 m

Step 2 – Calculate BOD loading
𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � � × 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝑂𝑂𝑂𝑂𝐵𝐵𝐵𝐵 � � × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿

1𝑘𝑘𝑘𝑘
𝒈𝒈𝒈𝒈
𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1000 𝐿𝐿𝐿𝐿
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 93
× 2,700
×�
�×�
� = 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐, 𝟐𝟐𝟐𝟐𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏
3
𝒅𝒅𝒅𝒅
1000𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚
𝐿𝐿𝐿𝐿

Step 3 – Calculate volume and surface area based on BOD loading
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𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � �
𝑑𝑑𝑑𝑑
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 ) =
𝑘𝑘𝑘𝑘
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 � 3 �
𝑚𝑚𝑚𝑚 ∙ 𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘
251,100
𝑑𝑑𝑑𝑑
3
𝟖𝟖𝟖𝟖
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚 ) =
𝑘𝑘𝑘𝑘 = 𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖 𝒎𝒎𝒎𝒎
300 3
𝑚𝑚𝑚𝑚 ∙ 𝑑𝑑𝑑𝑑

Increase pond volume to account for sludge storage
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓ℎ 𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚3 ) =
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓ℎ 𝑀𝑀𝑀𝑀𝑠𝑠𝑠𝑠𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚3 ) =
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚2 ) =

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑚𝑚𝑚𝑚2 ) =

𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
2
� �
3

837𝑚𝑚𝑚𝑚3
= 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐 𝒎𝒎𝒎𝒎𝟖𝟖𝟖𝟖
70%

𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 )
𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐ℎ (𝑚𝑚𝑚𝑚)

1255 𝑚𝑚𝑚𝑚3
= 𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟒𝟒𝟒𝟒 𝒎𝒎𝒎𝒎𝟐𝟐𝟐𝟐
4 𝑚𝑚𝑚𝑚

Step 4 – Estimate desludging frequency, for when 1/3 of the pond is filled up.
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 𝑄𝑄𝑄𝑄0 × 𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 × (%𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)
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Facultative pond example calculation
Step 1 – Establish assumptions and basic design criteria
The table below shows a few assumptions and design criteria are required for basic sizing of a Facultative
pond. Due to its shallower depth the Facultative pond is unable to handle high BOD loading rates and
therefore can never be the first process in liquid treatment. In this example, an anaerobic pond is the first
process and its effluent must be calculated to determine the influent to the facultative pond. It is
important to note that a facultative pond may follow other treatment processes.
Parameter

Value

Unit

40 m3/day

Q0, flow capacity
Flow lost to sludge
Q, flow capacity
BOD0 loading
BOD removed from
Anaerobic Pond
BOD loading
Design BOD loading

5
38
2,700

%
m3/day
mg/L

70 % removed
810 mg/L
25 g/m2/day

Notes
Refer to planning Ch2; "medium" sized plant per Ch
4 used here
Percent volume in Anaerobic pond settled out
Effluent flow leaving Anaerobic Pond
Typical % Removal in Anaerobic Pond
Anaerobic Pond Effluent.
PU regs. 250-300

Step 2 – Calculate BOD loading
𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
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Maturation pond example calculation
Step 1 – establish assumptions and basic design criteria
The table below shows the design criteria required for basic sizing of a Maturation pond. Retention time
required to destroy pathogens is the most important criteria for this process.
Parameter
Q, flow capacity
Retention time
Depth

Value

Unit
m3/day
10 days
0.2 m

Notes
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PU regs. 5-10 days

Step 2 – Calculate size based on retention time
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 ) = 𝑄𝑄𝑄𝑄𝑝𝑝𝑝𝑝 �

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚2 ) = 38

𝑚𝑚𝑚𝑚3
� × 𝛳𝛳𝛳𝛳(𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀) ÷ 𝑑𝑑𝑑𝑑(𝑚𝑚𝑚𝑚)
𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑚𝑚𝑚𝑚3
× 10𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ÷ 0.2𝑚𝑚𝑚𝑚 = ~1,900 𝑚𝑚𝑚𝑚2
𝑑𝑑𝑑𝑑𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

C5.3. Aerated Ponds
Fundamentals
Aerated Ponds are widely used for septage and
wastewater treatment due to its simple design and
its increased treatment capacity when compared to
a passive facultative or maturation pond. Aerated
ponds can be partially or completely mixed
depending upon the type of treatment required.
The major drawbacks are the energy requirements
and the introduction of mechanical equipment that
will require maintenance. A fully aerated pond
requires approximately 10x the amount of energy
required than a partially aerated pond [1].

When is the technology appropriate?
Use when:
•
•

Land is expensive or unavailable
Increasing capacity of existing
infrastructure

Don’t use if:




Skilled labor is unavailable
Electricity is unavailable or unreliable
High energy costs are unacceptable

Partially mixed aerated ponds are deep (2-5m deep) ponds that allow suspended solids to settle and
degrade in anaerobic conditions at the base while still producing a highly oxygenated environment closer
to the surface.
Fully Mixed ponds provide enough energy to keep solids suspended and enough oxygen to create aerobic
conditions throughout the pond. A fully mixed aerated pond is not too dissimilar to an activated sludge
unit except that it has no sludge recycling.
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Operational, monitoring, and additional requirements
Operational requirements
• Partially mixed aerated ponds will require periodic desludging to remove settled solids.
Monitoring requirement
• The sludge depth in the anaerobic pond should be measured periodically.
• Ponds can be visually monitored for abnormalities. Unexpected drops in a pond level may
indicate a crack or hole in the base of the pond that required repair. Watch for changing colors
to monitor populations of microorganisms. Additionally, changes in odor can indicate problems
in the WSP. If there is an increase in odor from the anaerobic pond it may be due to higher
sulfide levels which indicates an increase in BOD loading. If odor occurs in the Facultative pond,
this could be an indication of low Dissolved Oxygen and anaerobic conditions.

Example in Indonesia
An example of an aerated pond in Indonesia is at IPLT Pulo
Gebang Jakarta. IPLT Pulo Gebang has 2 system of
treatment, such as conventional system (capapcity of 300
m3/day) and mechanical system (capacity of 600 m3/day).
IPLT Pulo Gebang only operates a conventional system.
The aerated pond is located on the conventional system
at the end of process treatment. This unit also is a
modification from maturation pond. The expectation is
better result of effluent quality.
The process treatment in IPLT Pulo Gebang are as
follows:
1.
2.
3.
4.
5.
6.
7.
8.

Screening as pre treatment
Aerobic Digester (Sludge treatment): 7 unit
Anaerobic Digester (Solid liquid separation): 1 unit
Sludge Drying Bed (Solid treatment): 2 unit
Anaerobic pond (liquid treatment): 1 unit
Facultative pond: 1 unit
Maturation pond: 1 unit
Aerated Pond: 1 unit. Maturation pond and Aerated pond only separation by baffle. The
specification are as follow:
Specification :
Design Capacity
Long top/bottom
Width top/bottom
Water height
Pond height
Volume
Retention time

300 m3/day
70 m / 67 m
20 m / 17 m
1,5 m
2,0 m
1900 m3
9 days
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The aerated pond is equipped with the 10hp surface aerators and six blower units. Three blowers are in
operation while the remaining three sit in stand-by, the operators will rotate the use of the blowers. The
surface aerators, however, are rarely used. Despite not utilizing the full aeration potential the effluent
quality is quite good. Placing the aerated pond at the back of treatment process could reduce organic
matter such as BOD and COD value. It also might reduce ammonia content if value of BOD relative low.
The consequence of using aerated pond, it will higher the cost of operation. It also required regular
maintenance checking of air supply equipment.

Design criteria and example calculations
The design of each type of pond will depend upon the required oxygen demand to remove BOD and
Ammonia. The size of the pond will depend upon the selection of aerating equipment. Generally
partially mixed ponds will utilize surface aerators, where as a fully mixed aerator utilize a diffusor or
surface aerators.
Design requirements
•
•

Determine whether a fully or partially aerated pond is required.
Partially mixed aerated ponds will require periodic desludging to remove settled solids. Design
should factor in the need for a pond to be taken out of service, it is recommended to have at
least two ponds in parallel to maintain continuous operations.

Fully-mixed aerated pond example
Step 1 – Establish assumptions and basic design criteria
The table below shows the assumptions and design criteria are required to determine the oxygen
requirement.
Parameter
Initial Q, flow capacity
BODi loading
BODe effluent
requirements
NH3,i Ammonia loading
NH3,e Ammonia
effluent requirements
O2 required to remove
BOD
O2 required to remove
ammonia
BOD Peak Day Factor
Residence time
Pond depth
Aeration pond loading
AOR/SOR ratio

Value

m3/day
mg/L

Notes
Refer to planning Ch2; "medium" sized plant per
Ch 4 used here
Refer to Ch2.3 Define septic characteristics

30
180

mg/L
mg/L

Indonesian effluent standards
Refer to Ch2.3 Define septic characteristics

10

mg/L

Indonesian effluent standards

1.5

kgO2/ kg BOD

EPA (2011)

4.6
1.5
3
4
0.56
0.5

kgO2/kg NH3

EPA (2011)

days
m
Kg O2/m3

2-6 days
2-5 m
10 State Standard (2014)
Rule of Thumb Method – Coarse Bubble

40
2,700

Unit
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Oxygen Transfer
Equivalent (OTE)
Density of air @ STP
(ρair)
O2: air ratio
Power Requirements

2.46
1.2754
0.23
4

%/m

Rule of Thumb Method – Coarse Bubble

kg air/m3
kgO2/kg air
kg O2/kWh

@ 20°C

Step 2 – Calculate oxygen requirement for BOD removal
𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � � × (𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝑂𝑂𝑂𝑂𝐵𝐵𝐵𝐵,𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝑂𝑂𝑂𝑂𝐵𝐵𝐵𝐵,𝐴𝐴𝐴𝐴 ) � � × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿

1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1000 𝐿𝐿𝐿𝐿
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
× (2,700 − 30)
×�
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 40
�×� 6
� = 107
𝑑𝑑𝑑𝑑
1𝐸𝐸𝐸𝐸 𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚3
𝐿𝐿𝐿𝐿
𝑑𝑑𝑑𝑑

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
� = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
� × 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 �
�
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑑𝑑𝑑𝑑

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
� = 107
× 1.5
= 160
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑑𝑑𝑑𝑑

Step 3 – Calculate oxygen requirement for Ammonia removal

𝑚𝑚𝑚𝑚3
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻3 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 𝑄𝑄𝑄𝑄𝐸𝐸𝐸𝐸 � � × (𝐶𝐶𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁3 ,𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁3 ,𝐴𝐴𝐴𝐴 ) � � × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢]
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿

1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1000 𝐿𝐿𝐿𝐿
× (180 − 10)
×�
𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻3 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 40
�×� 6
� = 6.8
𝑑𝑑𝑑𝑑
1𝐸𝐸𝐸𝐸 𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚3
𝐿𝐿𝐿𝐿

𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻3
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
� = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
� × 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑟𝑟𝑟𝑟𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 �
�
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
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Step 6 – Selecting aerator equipment and sizing aerated pond
As discussed there are two types of aerated ponds to choose from; for the purposes of this manual we
will assume that the fully mixed aerated pond will utilize diffusers and the partially mixed aerated pond
will utilize surface aerators.
Based on the flow rate, influent & required effluent quality, tank volume, and the total Oxygen Demand
you can approach vendors for quotes on energy requirements and equipment specifications. Our
calculations will continue to provide a rough estimate on energy requirements and site foot print for
comparing relevant technologies.
At this point vendors can be contacted to provide quotes for aeration equipment. Using the calculated
AOR and volume select equipment that best match.
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𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
%
ℎ𝑐𝑐𝑐𝑐
ℎ𝑐𝑐𝑐𝑐
1.2754 3
× 0.23
× 2.46 × 4𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ) = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 �
� × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢] ÷ 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 �
�
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ
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𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ) = 582

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
1𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
×�
= 6.06 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ
� ÷4
𝑑𝑑𝑑𝑑
24 ℎ𝑐𝑐𝑐𝑐
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ

Partially mixed aerated pond example
Step 1 – Establish assumptions and basic design criteria
The table below shows the assumptions and design criteria that are required for a partially mixed
aerated pond.
Parameter
Aerated Pond depth
Volumetric Loading
Rate
Retention time
SOR
Power Requirements

Value
6
0.5
10
582
2

Unit
m

Notes
PU regs. 1-6m

Kg VSS/day/m3
days
Kg O2/d
Kg O2/kWh

PU regs.
PU regs.
Previous example

Step 2 – Sizing partially-mixed aerated pond
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 ) = 𝐴𝐴𝐴𝐴𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02 / 𝑑𝑑𝑑𝑑
� ÷ �𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
��
𝑑𝑑𝑑𝑑
𝑚𝑚𝑚𝑚3

𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 ) = 291

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02 / 𝑑𝑑𝑑𝑑
÷ 0.5
= 582 𝑚𝑚𝑚𝑚3
𝑑𝑑𝑑𝑑
𝑚𝑚𝑚𝑚3

Step 3 – Power Requirement for partially-mixed aerated pond

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 02
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ) = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 �
� × [𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢] ÷ 𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑐𝑐𝑢𝑢𝑢𝑢 �
�
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ
𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ) = 582

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
1𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
×�
= 12 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ
� ÷2
𝑑𝑑𝑑𝑑
24 ℎ𝑐𝑐𝑐𝑐
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘ℎ
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C5.4. Trickling Filters
Fundamentals
Trickling Filters are circular basins
filled with rock or plastic packing to
provide a surface for bacteria to
grow a biological slime. This slime
acts as a biological filter by
contacting
the
liquid
and
consuming the organic material
and nutrients. In order to work
properly, it needs distributor arms
to evenly apply the liquid over the
filter to keep the slime consistently
moist. The filter also needs an
underdrain system to hold in the
packing material and allow the effluent to flow out.
Trickling filters can be used as secondary treatment of
BOD or as tertiary treatment of ammonia. Since the
septage liquid stream after the solids-liquid separation
phase will have a very high BOD loading rate, using a
trickling filter for secondary BOD removal will be
significantly less effective than other treatment options,
including oxidation ditches. The use of a trickling filter for
nitrification of ammonia after BOD has been removed or
for the centrate from screw presses is highly effective.
Trickling filters can remove ammonia and consistently
produce high quality effluent from high flow rates;
however, they require moderately skilled maintenance
and consistent electricity and also require a subsequent
process for solids removal.

When is the technology appropriate?
Use when:
•
•
•

Addition to existing IPLT to remove
ammonia and high flow rates
Prefer not to use much energy
Low operational skill

Don’t use if:
•
•
•
•

Spare parts are not available
Skilled maintenance is not available
Near odor-sensitive areas
What about power requirements?

When the liquid stream has very high loading the oxidation ditch will handle the flow better than a trickling
filter. It is important for the trickling filter to be fed the proper BOD and constant liquid flow to maintain
a healthy biomass on the media. The solids-liquid separation phase must be reliable and produce a
consistent liquid phase.
The following table highlights the ability of a trickling filter to remove BOD and nitrify ammonia and the
ideal loading rates.
Application
BOD Removal

Range
0.3-1.0

BOD Removal and
Nitrification

0.1-0.3
0.2-1.0

Loading

Unit
Kg BOD/m3/d
Kg BOD/m3/d
g TKN/m2/d

Effluent Quality
Range
Unit
15-30
BOD, mg/L, TSS,
mg/L
<10
BOD, mg/L
<3
NH4-N, mg/L
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Nitrification only
0.5-2.5
(BOD
concentrations
must be low)
(Adapted from Metcalf and Eddy)

Kg NH4-N/m3/d

0.5-3.0

NH4-N, mg/L

Operational, monitoring, and additional requirements
Operation requirements
•

Consider that the dosing rate impacts operation. A less frequent but high flow in the dosing rate
is likely to decrease the fly population, provide greater wetting efficiency, flush more solids out
of the packing, grow a thinner and more aerobic biofilm. A daily higher dose is needed for
flushing. The dosing rate and flushing rate should be determined from field operation.
Monitoring requirements
•

The operator should monitor the influent and effluent ammonia concentrations and the BOD
concentrations to know how much biomass is sloughing off.

CAPEX considerations
•
•
•

Cost of concrete
Cost of excavation
Cost of pumps to get secondary effluent or centrate to top of trickling filter

OPEX considerations
•
•

Cost of small amount of pumping
Low cost of routine maintenance, but high cost to replace parts

Installation/construction requirements:
•

Since the depth may be large, the trickling filter can be constructed partially in the ground. This
will work well if there is a slope on site to allow the effluent to flow by gravity out of the trickling
filter.
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Examples in Indonesia
Trickling Filter (TF) is rarely used in
IPLT in Indonesia. This is due to a
thought that trickling filters can’t
process high BOD and COD. However
TF is widely used in domestic WWTP.
TF has been implemented in old IPLT
Malang, but it is not used anymore,
because the results do not meet
expectations and also its broken.
Another
example
of
TF
implementation is at Bintan Hotel at
Bintan Resort Area. Most hotel on
Bintan Resort Area used TF as their
unit on WWTP. WWTP capacity is 100 – 1250 m3/day. One of them is Bintan Hotel with capacity 500
m3/day. The process treatment are as follow:
1. Screening as pretreatment. There is coarse screen and fine screen. Fine screen is placed in every
TF.
2. Trickling Filter unit. There are 2 unit.
These are the specification:
3.
4.
5.
6.

Sedimentation unit after each TF unit.
Chlorine tank
Anaerobic Sludge Digester
Sludge drying Bed.
Item
Long
Width
Height (total)
Number of TF

4m
4m
3.5 m
2 unit

Overall the operation is running well. The problem or issue is that the flow distribution along the arm is
not equal. The feeding influent system in TF reactor is fixed using a nozzle. There are some space areas
that are not sprayed. It is sometimes blocked due to sludge in the unit. Sometimes the distribution arm is
broken or jammed and does not circulate. This makes processing efficiency less ideal. Thus, the slime on
the media grows and blocks flow through the media.
In addition, the pump to distribution arm sometimes is not working, so the flow cannot enter to TF. The
most important thing is that there needs to be a path or way to walk to the distribution center when repair
is needed.
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Design criteria and example calculations
Sizing calculations for trickling filters removing BOD are primarily based influent BOD loading into the
reactor. When using a trickling filter as a polishing step to nitrify ammonia in the effluent, the BOD
concentration must be considered to understand how effective it will be. In order for nitrification to
initiate, studies have shown the BOD needs to be less than 30 mg/L. For complete nitrification the BOD
should be close to 15 mg/L. When the BOD is low enough, the trickling filter can nitrify the ammonia down
to below 5 mg/L. This example calculation focuses on nitrification design using the trickling filter as a
polishing step at high flow facilities.
Design requirements
•

•

•

•

•

Distributors can be either rotary or fixed-nozzle. Fixed-nozzle distributors do not work well,
rotary distributors are recommended. Rotary distributors can be hydraulically or electricallydriven.
The packing material used as the biofilm carrier can be plastic beads, rocks, or corrugated
sheets. The important factors are that they provide a high specific surface area, are low cost,
locally available, durable, and have high enough porosity between the media to avoid clogging
and allow for ventilation. Synthetic media are designed to have higher specific surface areas and
void space, and so have higher hydraulic loadings and enhanced oxygen transfer than rock
media. Synthetic media tends to have a void space sloe to 95% while rock media is closer to 5060%. If choosing rock media, the ideal size is 50-mm diameter and rounded shape to avoid
crevices that can trap water and biomass.
To achieve nitrification, use a plastic media with a specific surface area between 89 to
150m2/m3. This is considered medium-density media, which is ideal for nitrification because it
find a balance between the plugging in high-density media and the lack of consistent water in
the pores in low-density media.
Consider the containment structure to house the media. It should be durable, strong,
adequately support the media, prevent splashing, and protect from wind. The containment
structure can be a concrete tank or an internal structure made of wood, fiberglass, or coated
steel.
The trickling filter will need adequate oxygen transfer. This can be designed by simply shaping
the trickling filter to promote airflow or by adding fans.

Example calculation
Step 1 – establish assumptions and basic design criteria.
A few assumptions are required for basic sizing calculations of liquids treatment.
Parameter
IPLT flow rate (𝑄𝑄𝑄𝑄0 )
Influent BOD
BOD Loading Rate
Depth
Hydraulic Application
Rate

Value
93
313

Notes
Flow should be secondary effluent or centrate

1
2.5

Unit
m3/day
mg/L
kg/
m3/day
m

0.5

L/m2-s

Range varies greatly.

Recommended 0.3-1 kg/m3/day
Recommended 2-6 m
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Media Specific Surface
Area
Recycle flow rate
Clarifier overflow rate
Total hydraulic loading

160
100
1

m2/m3
%
m3/m2/hr
m3/m2/hr

Recommended range from 45-150, because of
the high loading of ammonia, this will require a
very high specific surface area
Recommended range 150-200%
Recommended 0.4-1.7 m3/m2/hr

Step 2 – Calculate the BOD loading
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
� = 𝑄𝑄𝑄𝑄0 × 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝑂𝑂𝑂𝑂𝐵𝐵𝐵𝐵
𝑑𝑑𝑑𝑑

1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1000 𝐿𝐿𝐿𝐿
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
× 313
×�
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � � = 93
�×�
� = 29
𝑑𝑑𝑑𝑑
1𝐸𝐸𝐸𝐸 6𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
1𝑚𝑚𝑚𝑚3
𝐿𝐿𝐿𝐿

Step 3 – Calculate the TF volume, surface area, and dimensions
𝑉𝑉𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚3 ) =
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4 × 8 𝑚𝑚𝑚𝑚2
𝑇𝑇𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑅𝑅𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (𝑚𝑚𝑚𝑚) = �
≅ 3.5 𝑚𝑚𝑚𝑚
𝜋𝜋𝜋𝜋

C5.5. Oxidation Ditch
Fundamentals
Oxidation Ditches are
concrete channels in the
form of an oval or ring
utilizing mechanical
aeration to aerate and mix
the mixed liquor. The
aeration promotes the
growth of aerobic bacteria for consumption of BOD, TSS, and ammonia. The force of the aeration
promotes mixing to keep the activated sludge in suspension while the liquid circulates through the
oxidation ditch. Oxidation ditches function by maintaining the majority of the mixed liquor in the reactor
as an internal recycle, typically between 100-400% of the influent flow. The influent typically enters near
the aerators and follows the circular channel around the entire circuit. Some effluent leaves while the
majority remains in the reactor to combine with the incoming flow. (Metcalf and Eddy)
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Oxidation ditches require the addition of a
sedimentation tank or clarifier on the end in order to
remove the build-up of solids; in combination,
oxidation ditches with sedimentation tanks can
achieve up to 95% of BOD and TSS. Oxidation ditches
can be used for high and very high flow rates and are
feasible as long as there is plenty of land available
and consistent electricity for aerating. Oxidation
ditches can be designed without aeration; however,
Introducing aeration allows for a reliable oxygen
source, significantly faster microbial growth, which
consumes the BOD and TSS quicker and at long HRTs
allows for ammonia consumption.

When is the technology appropriate?
Use when:
•
•
•
•

Flows are high
Space is not an issue
Managerial and operations capacity is low
Ammonia removal is required

Don’t use if:
•
•

Space is limited
Electricity is not reliable at the site

Oxidation ditches are a very common, easy to operate technology, ideal for municipalities with large
septage flows. They have reliable performance and are cost effective.

Operational, monitoring, and additional requirements
Operational requirements
• If the channel velocity is operated slower than 0.25 m/s the mixed liquor will settle in the
oxidation ditch.
• Solids will need to be wasted since inert, unbiodegradable material will build up in the
reactor.
Monitoring requirement
• Operators should monitor the MLSS and DO in the mixed liquor as well as the influent and
effluent BOD, TSS, and ammonia.
• When sampling the mixed liquor, the MLSS should be between 3000-5000 mg/L. The MLVSS
can be assumed to be 70-80% of the MLSS since it is septage. A higher MLSS will decrease the
SRT.
• Operators should maintain the DO concentration in the mixed liquor for BOD removal above
2 mg/L and for BOD removal with nitrification of ammonia between 3-4 mg/L.
CAPEX considerations
•
•

Oxidation ditches require concrete and excavation. These costs will be relatively high.
Since oxidation ditches have a large footprint, the cost of land should be considered.

OPEX considerations
•

The operating costs for oxidation ditches are relatively low in comparison to other
technologies accommodating the same flow rate. If designed properly, regular monitoring of
the MLSS, effluent concentrations, aeration system, and routine maintenance will be all that
is necessary.
Special installation requirements
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•
•

Oxidation ditches are typically constructed using concrete but lined earth structures are also
an option.
Consider the shape of the aerators chosen to be used when designing the channel
configuration. Aerators will need to fit properly to be able to adequately mix and introduce
DO into the mixed liquor. The aerators should be understood by the contractor before
constructing the channels.

Examples in Indonesia
There are only one IPLT using oxidation ditch as a
part of liquid treatment namely IPLT Keputih at
Surabaya, West Java. Oxidation ditch also uses as
treatment on WWTP.
IPLT Keputih is operated on capacity 50 – 127
m3/day, however it design at 400 m3/day (max).
The process treatment in IPLT Keputih are as
follows:
1. SSC unit as solid liquid separation.
There are 4 unit SSC unit. The liquid
then goes through equalization, and
the solid enter to Drying Area unit.
2. Equalization unit. There are 2 unit, now only 1 is operated.
3. Oxidation ditch unit. There are 4 unit, but only 3 is operated. One is used as a backup. This
unit also perform as activated sludge system. There are 2 aerator in its unit. The return
sludge from clarifier is also enter this unit. These are the specification:
Item
Total length
Width
Total height

60 m
4m
1,85 m

4. Clarifier unit. There are 2 unit.
5. Sludge Drying Bed unit as solid treatment.
The IPLT is operated well because it is operated under the design capacity. The problem with the
oxidation ditch is that there is too much sludge. The reason is sludge is still escape from SSC unit and
enter the oxidation ditch. Another issue is a broken aerator. Sometimes the oxidation ditch is operated
with only one aerator. Spare parts and maintenance is needed due corrosion.

Design criteria and example calculations
Oxidation ditches are not restricted by the HRT, they are process-limited, meaning the process of
consuming the BOD and ammonia restricts the sizing. The loading (concentration x flow rate) is the
important design parameter for sizing. For the design basis, the best flow rate to use is the annual average
daily flow rate and the average BOD and ammonia loads should be calculated from the peak month
concentrations. Oxidation ditches are classified as plug flow reactors based on how they flow through the
circuit; however, the process kinetics are dominated by the mixed liquor in the channel, which dilutes the
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influent by a factor of 20 to 30. This makes the process better modeled as a completely mixed reactor or
as extended aeration activated sludge. This example sizing calculation models the oxidation ditch as an
extended aeration activated sludge reactor.
It is important to establish whether the goal of the oxidation ditch is to remove BOD or remove BOD as
well as nitrify the ammonia. When designing the oxidation ditch to also nitrify ammonia, the nitrification
growth kinetics should govern. The HRT can be used to check the volume and velocity in the reactor as a
secondary step. This section highlights basic sizing of an oxidation ditch but experienced detailed design
is absolutely necessary for exact sizing and aeration to meet effluent requirements.
Design requirements
• Design must allow for aerators to maintain the selected DO level as well as maintain constant
motion in the reactor. The influent typically enters near the aerator and exits upstream of the
entrance.
• The style and size of aerators to be used must be chosen and coordinated with the manufacturers
in order to ensure it will meet the oxygen demand and also properly fit in the oxidation ditch.
Aeration devices can include mechanical brushes, surface turbines, and jets.
• When the mixed liquor passes the aerator the oxygen concentration will be very high and then
decrease as the mixed liquor moves around the circular ditch. Detailed design must be performed
to know exactly how much oxygen should be added to grow the appropriate amount of microbes
to consume the BOD.
• The microbes will first consume the BOD. In order to achieve ammonia removal the SRT must be
long enough to first consume the BOD and then also consume the ammonia.
• A typical oxidation ditch HRT is around 24 hours and typical SRTs are from 15-30 days.
• Typical depths range from 0.9 to 5.5 m with channel velocities from 0.25 to 0.30 m/s to keep the
mixed liquor in suspension.
• The mixed liquor completes one full circulation in 5-15 minutes. When influent enters it is diluted
by 20-30 by the circulating mixed liquor. The internal recycle does not factor into the sizing of the
reactor, since the sizing is based off mass loading, not flow rate. The effluent flow will need to be
the same as the influent flow.
(Reference MOP-8 and Metcalf & Eddy)
Oxidation ditch example
Step 1 – establish assumptions and basic design criteria
The basic design criteria are as shown in the table below:
Parameter

Value

Unit

Maximum Daily Flow
Influent BOD
Influent TSS
Influent Ammonia
Effluent BOD
Effluent TSS

300
1,500
5,400
190
30
30

m3/d
mg/L
mg/L
mg/L
mg/L
mg/L

Notes
Refer to planning Ch2; "large" sized plant per Ch 4 used
here
Assumes 50% removal in Solids-Liquid Separation
Assumes 70% removal in Solids-Liquid Separation
Assumes no removal in Solids-Liquid Separation
Indonesia Effluent Limit
Indonesia Effluent Limit
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Effluent Ammonia
MLSS
F/M Ratio

10
5,000
0.10

mg/L
mg/L
--

DO Concentration

4

mg/L

Indonesia Effluent Limit
Recommend between 3000 to 5000 mg/L.
Range is 0.05 – 0.15
For BOD removal DO should be greater than 2 mg/L, for
nitrification DO should be 3-4

Step 2 – Calculate the BOD Mass Loading
(i)

Using the influent and effluent concentrations of BOD and the maximum daily flow,
calculate the BOD mass loading.
𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1000𝑠𝑠𝑠𝑠
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 𝑄𝑄𝑄𝑄 � � × 𝐼𝐼𝐼𝐼𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 � � × 6
×
𝐿𝐿𝐿𝐿
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
10 𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘 1𝑚𝑚𝑚𝑚3
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 300

𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1000𝑠𝑠𝑠𝑠
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
× 1,500
× 6
×
= 450
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿
10 𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘 1𝑚𝑚𝑚𝑚3

𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1000𝑠𝑠𝑠𝑠
𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 � � = 𝑄𝑄𝑄𝑄 � � × 𝐼𝐼𝐼𝐼𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻4 � � × 6
×
𝐿𝐿𝐿𝐿
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
10 𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘 1𝑚𝑚𝑚𝑚3
𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 300

𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘
1𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1000𝑠𝑠𝑠𝑠
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑚𝑚𝑚𝑚3
× 190
× 6
×
= 57
3
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
𝐿𝐿𝐿𝐿
10 𝑚𝑚𝑚𝑚𝑘𝑘𝑘𝑘 1𝑚𝑚𝑚𝑚

Step 3 – Calculate the required oxygen for BOD removal and ammonia removal.
(i)

A simple rule of thumb can be used to calculate an approximate oxygen demand for
BOD removal and for ammonia removal. For BOD removal, use 1 kg O2 per 1 kg BOD,
while for ammonia removal, use 4 kg O2 per 1 kg ammonia. If designing to remove BOD
and ammonia, add the oxygen demands for both together. This oxygen requirement will
drive the sizing for aerators.
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
�×
� = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 450
𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �

1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
×
= 450
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻4
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
4.5 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
�×
� = 𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻4

𝐴𝐴𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑂𝑂𝑂𝑂𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 57

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻4 4.5 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑂𝑂𝑂𝑂2
×
= 257
𝑑𝑑𝑑𝑑
1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑁𝑁𝑁𝑁𝐻𝐻𝐻𝐻4
𝑑𝑑𝑑𝑑

Step 4 - Calculate the volume required and the HRT using a recommended Food to Microorganism ratio
(F/M) and MLSS concentration.
(i)

Using the recommended F/M ratio, calculate the mass of MLVSS needed in the reactor.
The F/M ratio shows how well the microorganisms are being fed. If a low F/M ratio is
chosen there may not be enough food for the microorganisms to consume, causing a die
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off or stress in the system. The system will struggle if there is a spike in loading. If a high
F/M ratio is chosen it will take a long time for the microorganisms to consume the BOD.
This will likely cause the effluent to not meet effluent limits.
𝑀𝑀𝑀𝑀𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 �

(ii)

(iii)
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𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
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𝑑𝑑𝑑𝑑

Using a recommended MLSS concentration in the mixed liquor, calculate the MLVSS
concentration in the reactor. It can be assumed that MLVSS is 80% of the MLSS. The
MLSS is recommended to be between 3000 to 5000 mg/L; however, the higher the
MLSS concentration, the shorter the solids residence time for nitrification of the
ammonia.
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Find the flow of the MLVSS in the reactor (the mixed liquor flowing through the
oxidation).
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(iv)

To calculate the volume required for the MLVSS in the mixed liquor, use the Mass of
MLVSS divided by the MLSS concentration.
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Step 5 – Select a recommended Mean Cell Residence Time (MCRT) (equivalent to the SRT) to calculate
the WAS mass flow required.
80

80

IPLT Technology Option Selection Guide

(i)

Calculate the WAS Mass Flow. An MCRT of 12-15 days is expected for nitrification to
occur in a reactor.
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Check if WAS Mass Flow is appropriate for the influent BOD mass. The WAS Mass Flow
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𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐹𝐹𝐹𝐹𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 � �
𝑑𝑑𝑑𝑑
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 % 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝐼𝐼𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝐼𝐼𝐼𝐼𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 ( )
𝑑𝑑𝑑𝑑

𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
𝑑𝑑𝑑𝑑 = 51%
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 % 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝐼𝐼𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
450
𝑑𝑑𝑑𝑑
231

The resulting WAS Mass Flow is too high. This is a result of the BOD loading on the reactor being too
high. A greater removal of BOD in the solid-liquid separation phase will improve the effectiveness of this
technology.
Additional calculations:
Oxidation ditches typically function best at high flows. The ideal flow for to use with the selected design
parameters is no less than 300 m3/d. using an influent BOD concentration of 500 mg/L and a reactor depth
of 2.5 meters, the following table shows a comparison between the Maximum Daily Flow and the required
footprint.
Maximum Daily Flow (m3/d)
6
24
60
90
300

Footprint (m2)
2
10
24
36
120
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C5.6. Constructed Wetland
Fundamentals
Constructed wetlands are planted media beds that are engineered to simulate a natural wetland
environment and its processes. Constructed wetlands are mainly used to treat domestic wastewater,
greywater, and stormwater. They can be used as a final polishing step for treatment of the liquid stream
of fecal sludge to meet effluent limits. There are two types of constructed wetlands: horizontal flow and
vertical flow wetlands. The most common systems in tropical climates are horizontal sub-surface flow
wetlands where wastewater flows in underground from one end of the bed, is distributed across the
area, and flows out through the other end in a horizontal flow system. The wetland processes settle out
suspended solids and aerobic and anaerobic processes degrade the organic matter. Horizontal flow
constructed wetlands are gently sloped and rectangular in shape.

Design, operational, monitoring, and additional requirements
•

•

Constructed wetlands are susceptible to blockages and overloading so the upstream processes
must reliably remove excess solids, especially fats oils and grease (FOG). If a wetland area is
blocked, fixing the issue involves isolating the area and removing, cleaning, and replacing the
media.
Constructed wetlands are designed to treat secondary treated wastewater. Thus, upstream
processes must ensure that there is enough removal upstream of organic load and solids for this
final polishing step. Constructed wetlands will not handle shock loads well

C5.7. Chlorine Disinfection
Fundamentals
Chlorine disinfection is a common and effective means of disinfection in water and wastewater
treatment for pathogen inactivation. Disinfection by chlorine is achieved by mixing chlorine with the
effluent which then flows through a plug flow channel or baffled contact basin. A specific concentration
of chlorine must be dosed for a certain amount of contact time to ensure that sufficient inactivation
occurs. Chlorine comes in the form of sodium hypochlorite, chlorine tablets, or chlorine gas. Due to the
smaller scale nature of fecal sludge treatment facilities, sodium hypochlorite and chlorine tablets are
more feasible and simpler options than using chlorine gas, which is logistically and technically more
complex in terms of transportation, storage, and dosing.

Design, operational, monitoring, and additional requirements
Design requirements:
•
•

•

•

The chlorine should be mixed with the effluent in a small mixing chamber or in turbulent flow
conditions in a pipe or weir.
Chlorine disinfection is most effective with low turbidity and organic levels in the influent. The
organic material will consume the chlorine and there won’t be enough to inactivate all the
pathogens for complete disinfection.
The contact chamber must be designed to minimize short circuiting by following plug flow
hydraulics. The chamber can be a long rectangular channel or a basin with internal baffles to
create a long narrow flow path.
Chlorine can be added using a chemical feed system that involves a storage tank, metering
pumps, and injection devices.
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Operational requirements:
•
•

Ensure that there is a reliable local supply of chlorine and that a system and the infrastructure is
in place for the transportation and storage of the chemical.
There are safety and health concerns associated with using chlorine disinfection. Proper
personal protective equipment and training is required for operators.
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C6. Solids Treatment
Additional solids treatment of dewatered sludge may be necessary depending on the intended end use
of the product. Further treatment uses heat and extended time to reduce the water content and kill
pathogens, thereby reducing the overall volume and health risks associated with the end product.
Treated sludge that is safe for beneficial reuse is often referred to as a biosolid.
Given the existing regulatory environment in Indonesia, additional solids treatment is not mandatory to
achieve standards. However, if in the future, standards become more stringent with respect to
pathogens in solids, or if the plant owner is interested in a reusable solids product, then additional solids
treatment can be applied.
Since these are additional treatment options, the sections in this part of the Appendix will be more brief
compared to others previous ones. The following sections will cover the fundamentals, design criteria,
and operational and design considerations, of each system. Indonesian examples and calculations will
not be covered. To our knowledge, there is no existing practices of these three technologies used in
septage treatment plants in Indonesia, whereas there are examples of pilot plants other countries.
Additional solids treatment can produce biosolids that meet USEPA Class A and Class B designations.
USEPA categorizes biosolids into Class A and B biosolids based on the degree of pathogen inactivation
that governs the appropriate reuse allowed. Class B Biosolids is suitable for unrestricted use and Class B
biosoids are suitable for use on land used to grow crops that are not consumed raw and have limited
public access. To meet Class A standards, biosolids must have a fecal coliform density of < 1,000 most
probable number (MPN) of per gram of total dry solids, or Salmonella sp. density < 3 MPN per 4 grams
of total dry solids, whereas to meet Class B standards, biosolids must have a fecal coliform density of <
2,000,000 MPN per gram of total dry solids, or < 2,000,000 colony forming unit (CFU) per gram of total
dry solids.

C6.1. Composting
Fundamentals
Composting is a controlled process in which microorganisms break down organic matter through aerobic
decomposition. The microbial activity creates a thermophilic environment in which pathogens are
inactivated over a sufficient period of time. Moisture content, carbon to nitrogen (C:N) ratio, and
aeration are key parameters to ensure that the right temperatures can be met for a certain amount of
time. Composting can generate a biosolid that is a suitable soil conditioner if there is need or demand in
agriculture. Compared to other organic wastes, fecal sludge and septage do not have enough organic
material, so they must be co-composted with a bulking agent which reduces the moisture content, adds
to organic matter, and increases air void space. The bulking agent must be readily available and
inexpensive. After the sludge and septage is mixed with a bulking agent, the compost goes through two
cycles: 1) an active phase where it is aerated by turning or with blowers and watered to maintain
moisture content and 2) a passive phase where it is left to mature.
There are three major methods of composting: windrow composting, aerated static-pile composting,
and in-vessel composting. Windrow composting, which is the most common method for fecal sludge
applications, involves forming the material into large long piles, or windrows. The piles are turned at
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regular intervals for aeration and to maintain porosity. Aerated static-pile composting uses blowers to
aerate the piles instead of manual turning. This method is more expensive and requires a reliable power
source and more maintenance. In-vessel composting is when material is enclosed in a reactor to control
temperature, moisture, and odors. This complex system is not suitable for smaller treatment plants.

Operational, monitoring, and additional requirements
Monitoring requirements:
•
•

Composting requires careful monitoring and adjustment of process parameters such as
temperature and time.
Significant maintenance is required for effective composting. For example, the turning of
compost piles can be expensive and labor intensive. Larger operations may use mechanical
equipment.

Design criteria
Design requirements:
•

•

Large land area is required for composting to process solids over a certain time period. There
should be designated space for dewatered faecal sludge storage, bulking agent storage, mixing
area, active composting area, screening area, maturation area and storage space for final
compost mix.
Co-composting requires additional bulk materials to maintain and optimum moisture content
and C:N ratio. Select materials that are readily available.

The following table shows some typical design parameters used for composting.
Parameter
Moisture content
C:N ratio

Value
55-62
25-35:1

Unit
%

Notes
Optimum range (WEF, 2010)
Dewatered sludge range 5-11:1

Common bulking agents are paper/newspaper, vegetable waste, leaves, brush/tree trimmings, grass,
wood chips, and sawdust. Refer to WEF 2010, Handbook of Solid Waste Properties 1993, and/or the
Michigan Recycling Coalition 2015 for more information on the composting process and bulking agents.
Refer to Biosolids class A and B classifications in overview section for Solids Treatment. In absence of
reuse standards in Indonesia, the USEPA standards can be used as a reference point. A minimum
temperature must be maintained over a sufficient period of time to achieve Class A/B biosolids. For
Class A unrestricted use, windrow composting must ensure that the windrows are turned at least 5
times and temperatures of >55C maintained for at least 15 days. For Class B restricted use, windrows
must be >40C for at least 5 days or >55C for at least 4 hours over that 5 day period.

C6.2. Solar Drying
Fundamentals
Solar drying is a process to further dry solids through evaporation from solar radiation and wind air
circulation. Solar drying can be done with little infrastructure but is most effective in controlled
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conditions of a greenhouse with active or passive ventilation. The process requires some manual labor
or automated equipment as the sludge must be mixed and turned periodically to maximize drying times
and effectiveness. Solar drying can achieve 70-80% solids with a feed solids of 15-20% in 20-30 days
given favorable environmental conditions and effective operation. Shorter drying times of 7 days have
been reported in the field by Pivot Works (2017). The figure below shows one of Pivot Works’
greenhouses used for solar drying.
In developed countries where standards for disposal or reuse are stringent, solar drying alone will not
achieve sufficient pathogen removal. However, solar drying will achieve some degree of pathogen
removal. Field studies around the world in Australia, Poland, and Zambia have demonstrated mixed
results for the effectiveness of solar drying on pathogen inactivation. Data suggests that higher ambient
temperatures and having covered beds helps in wet tropical climates/seasons may increase the
effectiveness of solar drying.

Operational, monitoring, and additional requirements
•
•
•

Solar drying requires significant amount of surface area and time to achieve pathogen removal.
Solar drying operations are labor intensive and require monitoring and maintenance. The
system can be operated manually or automated.
Automated system require engineering support, trained operators and continuous monitoring
of environmental conditions. Most solar drying operations in developing countries have been
manual operations.

Design criteria
The table below presents some typical design parameters for solar drying:
Parameter
Solids loading rate
Sludge depth
Ventilation rate
Number and
configuration of beds

Value
70-1000
150-400
+/- 100
≥1+1

Unit
Kg/m2/yr
Mm
M3/m2/hr

Notes
Varies based on environment/climate
conditions
Higher depth possible with mechanical mixing
A standby bed is recommended to
accommodate maintenance interruptions
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C6.3. Thermal Drying
Fundamentals
Thermal drying uses heat energy to further dry dewatered solids and reduce the water content of sludge
through evaporation beyond what is achievable with dewatering. Thermal drying processes can reduce
the sludge volume and inactivate pathogens with the high temperatures. Thus, the end product of
thermal drying can be more easily transported/disposed or reused beneficially. Thermal drying can
achieve a solids content of 90-95% with a feed solids content of at least 35%.
Rotary dryers and belt dryers are examples of thermal dryers. The figure below details a rotary dryer.
The Pivot Works plant in Kigali, Rwanda uses a rotary dryer for thermal drying to generate a solids
product that can be used as a fuel. Thermal drying increases the specific calorific value of the biosolid,
reducing the cost of combustion.

Design, operational, monitoring, and additional requirements
•
•
•
•

Less land area is required for thermal drying compared to composting.
The design of thermal drying requires manufacturer input as procedures are technology
dependent.
Thermal drying requires high level of operator training and skill to operate thermal drying
equipment.
Thermal drying has health and safety concerns as dust is generated from operations. Dust
control is necessary.
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C7. Good engineering design principles in technology selection
Consideration for redundancy
Every element of an IPLT, whether it be a single passive pipe or complex mechanical dewatering
equipment, will need to be taken out of service at some point for replacement, repair or routine
maintenance. For a robust design, each of these elements must be designed to minimize or eliminate
periods of stoppage to the treatment system as a whole. To accomplish this the system may require
stand-by or redundant elements. These elements may start functioning when the primary element
ceases to function, or they may function along-side each other but are only be required to meet the
system’s designed capacity when one of the elements is taken out of service.
The Efficient Redundancy Design Practices published by Water Environment Research Foundation
(WREF) splits areas of redundancy into four separate elements that should be looked at in detail:
•

•
•

•

Infrastructure (tanks, basins, ponds, digesters, pipes, etc.) whether by design or not, will have
sediment build-up or the risk of unintended material (trash) entering that will eventually require
removal. This is particularly an issue when dealing with septage which has the potential for high
solids loads including large grit, rocks or trash in every truck load.
Equipment (pumps, motors, blowers, dewatering equipment, etc.) will at some point need to be
taken out of service for repairs due to failure or routine maintenance to prevent such failure.
Instrumentation (flowmeters, analyzers) will require routine maintenance and eventual
replacement. In some circumstances these elements can be replaced by manual practices and
may not require redundancies or back-ups.
Automation & Control (computers, power source, PLCs, etc.) will require routine maintenance
and eventual replacement. For highly mechanical systems this can be a common point of
failure. Manufactured equipment are often purchased with insufficient spare parts and there
can be significant waiting periods to order and receive replacement parts.

For natural systems, the redundancy review will mainly consider the first two elements, where as a
highly mechanical system will consist of all four elements.
Good practice is to go through each element of the treatment system and ask the following questions
about what happens when taken out of service?
• Can the treatment plant continue to receive and treat septage? Keeping the IPLT operating so
that LLTT or even on-call desludging can continue is crucial to the finances of the system and to
customer service.
• Will the final effluent water quality fail to meet the required standards? The primary goal of the
system is to improve environmental and public health, and therefore ensuring continuous high
quality effluent should be the main design goal.
• Is the outage short enough or the repair/maintenance activity simple enough that a failure will
not significantly impact the overall service?
If the answer to any of these questions are no, then the system’s design should consider some form of
redundancy. This does not mean that every process requires an entire separate processing element but
depending upon the frequency and consequences of the failure, it may.
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Treatment plant operators are excellent resources for identifying areas that may require redundant or
back-up elements. Typically the elements that lack proper redundancies are the operator’s biggest fears
or reoccurring headaches. For example: if an anaerobic pond does not have any redundancy built in,
how does the treatment system operate when the pond needs to be de-sludged? Typically the plant
either needs to stop treatment or by-pass the pond while it is being serviced. Both options should be an
unacceptable operating procedure. Another important consideration is an item which is not likely to fail
frequently but when it does it will be very hard to repair. An example of this is a buried pipe, it appears
simple and a rare point of failure. However if a pipe does fail it can be very difficult to diagnose the
failure and repair it.
Once elements have been determined to require a redundancy, an alternatives analysis to compare
costs and the risks associated with the alternative. Let’s explore this in more detail by using a
mechanical receiving station process at a 200 m3/day of septage treatment plant as an example. The
treatment plant could purchase one single mechanical grit and sand separator to handle the entire
capacity (1 unit * 200m3/day = 1 * 100% of required capacity) however anytime that the element is
taken out of service, treatment at the plant would halt. To avoid this the facility may decide to purchase
two identical machines capable of 200 m3/day each (2*100%=200%), now when one unit is out of
service the other can still treat the entire plants capacity. However this would significantly increase the
costs and may be unaffordable.
The designing team, consisting of the consultant and the future operator as well as the budget holder,
could consider alternatives in between such as using three 100 m3/day (3*50% = 150%) or four 67
m3/day (4*33%=133%), each of these scenarios would allow for one unit to be out of service at any one
time and still meet the plants required capacity. After comparing the costs and risks of each scenario,
the plant can select what option is best suited for their needs. It should be noted that if finances restrict
the plant from purchasing equipment capable of handling more than 100% of the required capacity,
having two units at 50% is still always better than one unit it 100%. This still allows for some treatment
in the system to occur while one unit it being repaired. Another alternative for plants with limited funds
would be to using a less expensive passive screening process as a back-up (this analysis would need to
account for the increased foot print and increased labor).

Consideration for short circuiting
Treatment processes that rely on a certain detention time for treatment performance need to be
designed to avoid short circuiting. Examples of processes include gravity thickening, sedimentation,
biological processes such as ponds, or stabilization. Short circuiting occurs when the flow being treated
takes a shorter path through a process than it was designed for. This results in poor treatment
performance, and the process will not be able to treat the maximum flow it was designed for. Here are
some design practices for avoiding short circuiting in a few processes. Refer to Book of Planning for IPLT
for further guidance for detailed design of processes.
•

•

Design with a large length to width ratio where possible, for example for ponds or constructed
wetlands. Consider having the flow take a serpentine path through a series of long, narrow
channels or ponds.
Consider using baffles at the influent of gravity thickeners or sedimentation tanks to divert flow
and dissipate energy from high velocity flow.
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•
•
•
•

Consider splitting the flow into multiple paths before entering a process to encourage even flow
distribution across the width of the flow path.
Locate the inlet and outlet of processes to create the longest flow path possible for a given
process volume.
Design baffles, mechanical mixers, and aeration to be distributed evenly throughout a channel
width or reactor volume when mixing or aeration is part of the treatment process.
Consider using fillets or rounded corners for when the flow path is redirected inside a basin or
channel in order to avoid stagnant zones.
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